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[bookmark: _Toc444858040][bookmark: _Toc22829085]Abstract 
Abstract is written for the purpose of succinctly summarizing the main points of the document as objectively as possible. It must be short -– only about a paragraph- and has to describe the purpose, the scope, and methods used.
“Remote Tower” is changing the provision of Air Traffic Services (ATS) in a way that it is more service tailored, dynamically positioned and available when and where needed, enabled by digital solutions replacing the physical presence of controllers and control towers at aerodromes. Remotely Provided Air Traffic Service for Multiple Aerodromes.
This document describes the Validation Report for PJ05-Solution 02. The objective for PJ.05-02 is to develop and validate a Multiple Remote Tower Module (MRTM) that allows the ATCO to maintain situational awareness for 2 or 3 airports simultaneously targeting V3 maturity. PJ05-Solution 03 is connected solution developing and validating Remote Tower Centre functionalities.
· 2 aerodromes, category small environment airports, 15.000 to 45.000 annual movements
· 3 aerodromes, category other environment airports, 0 up to 15.000 annual movements
As the main driver for the solution is, with maintained safety, increased cost efficiency, which cannot directly be validated in the exercises, the validations addressed the prerequisites of the concept, i.e. safety and human performance.
The validations were made as real-time simulations which were performed at different locations based on different prototypes. Additionally one shadow mode trial was conducted.
The addressed OI step is:
SDM-0207:Multiple Remote Tower Module, MRTM
https://www.eatmportal.eu/working/data/architectural_products/12246568 

Table of Contents

Abstract	4
1	Executive summary	11
2	Introduction	13
2.1	Purpose of the document	13
2.2	Intended readership	13
2.3	Background	14
2.4	Structure of the document	14
2.5	Glossary of terms	15
2.6	Acronyms and Terminology	17
3	Context of the Validation	21
3.1	SESAR Solution PJ.05.02-V3: a summary	21
3.2	Summary of the Validation Plan	22
3.3	Deviations	37
4	SESAR Solution PJ.05.02 Validation Results	38
4.1	Summary of SESAR Solution PJ.05.02 Validation Results	38
4.2	Detailed analysis of SESAR Solution Validation Results per Validation objective	55
4.3	Confidence in Validation Results	66
5	Conclusions and recommendations	69
5.1	Conclusions	69
5.2	Recommendations	73
6	Validation Exercise Results	75
6.1	Validation EXE-05.02-V3-002 – COOPANS Results	75
6.2	Validation EXE.05-02.V3.003 - Indra Results	140
6.3	Validation EXE-05.02-V3-004 - FSP Results	186
6.4	Validation EXE-05.02-V3-005 - ENAV	249
1.	OBJ-PJ05.02-V3-VALP-H02 Results	264
3.	OBJ-PJ05.02-V3-VALP-H06 Results	266
4.	OBJ-PJ05.02-V3-VALP-H07 Results	267
5.	OBJ-PJ05.02-V3-VALP-H08 Results	267
6.	OBJ-PJ05.02-V3-VALP-H11 Results	267
7.	OBJ-PJ05.02-V3-VALP-H13 Results	268
9.	OBJ-PJ05.02-V3-VALP-S02 Results	269
10.	OBJ-PJ05.02-V3-VALP-S03 Results	270
11.	OBJ-PJ05.02-V3-VALP-S04 Results	270
12.	OBJ-PJ05.02-V3-VALP-S05 Results	271
13.	OBJ-PJ05.02-V3-VALP-S06 Results	272
14.	OBJ-PJ05.02-V3-VALP-S07 Results	274
7	References	280
7.1	Applicable Documents	280
7.2	Reference Documents	281
Appendix B	SESAR Solution(s) Maturity Assessment	284
Appendix C	HP and Safety Workshop	285
C.1	Results from Safety Questionnaires	285
C.2	Notes from Safety and Human Performance workshop	286
C.2.1	Nominal Cases	286
C.2.2	Abnormal	291
C.2.3	Splitting and transferring	292
C.2.4	Degraded	293
Appendix D	Open Day comments and project clarification	296
[bookmark: _Toc225321502][bookmark: _Toc225326001][bookmark: _Toc225328164][bookmark: _Toc226435501][bookmark: _Toc445303329][bookmark: _Toc445305019]
List of Tables
Table 1: Glossary of terms	16
Table 2: Acronyms and terminology	20
Table 3: SESAR Solution(s) addressed in the Validation Report	21
Table 4: Summary of validation Objectives and Success Criteria	33
Table 5: Validation Assumptions overview	34
Table 6: Validation exercises overview	35
Table 7: Validation set ups per partner	37
Table 8: Summary of Validation Exercises Results	54
Table 9: Actual Aerodrome information EXE.05.02-V3- 002	77
Table 10: Aerodrome information	77
Table 11: Summary of Validation Objectives and Success Criteria - EXE-05.02-V3-002 – COOPANS	82
Table 12: Scenario description Validation EXE-05.02-V3-002 – COOPANS	83
Table 13: Validation Results for EXE-05.02-V3-002 – COOPANS	101
Table 14. Attention Ratio (in %) of each AOI	135
Table 15. Attention Ratio (in %) of each AOI.	137
Table 16: Validation Objectives addressed in Validation EXE.05-02.V3.003 Indra	146
Table 17: EXE-05.02-V3-2.3 Use Cases	147
Table 18: EXE.05-02.V3.003 Validation Scenarios	149
Table 19: EXE.05-02.V3.003 Validation Assumptions overview	151
Table 20: Validation Results of EXE.05-02.V3.003 Indra	159
Table 21: EXE.05-02.V3.003 Traffic volume	177
Table 22: Planed vs Simulated simultaneous movements	177
Table 23 Timetable for the EXE-05.02-V3-004 RTS	194
Table 24 Timetable for the EXE-05.02-V3-004 PSM	198
Table 25: Validation Results for EXE-05.02-V3-004	208
Table 26: Validation Objective	253
Table 27: Current Aerodromes Information	254
Table 28: Validation Assumptions overview	257
Table 29: Validation Results for EXE-05.02-V3-005	264
Table 30: Unusual Event #01	273
Table 31: Unusual Event #02	273
Table 32: Unusual Event #03	274

List of Figures
Figure 1 Enablers addressed in V3 validations	12
Figure 7 Side by side, on top of each other or a combination of both, this solution had A below, B and C above	71
Figure 8 Aerodrome chart ESNQ - Kiruna	78
Figure 9 Aerodrome chart ESSV - Visby	78
Figure 10 Aerodrome chart Linköping/SAAB, ESSL	79
Figure 11, Validation platform for EXE-05.02-V3-002 COOPANS	80
Figure 12 Expectations versus experiences of the system	102
Figure 13 Representativeness scenario for real environment.	103
Figure 15 Different aspects regarding Situational awareness.	104
Figure16 Situational awareness regarding the risk of forgetting something important and if the ATCO was ahead of traffic for each scenario.	104
Figure17 Situational awareness based on negative events.	105
Figure18 Situational awareness questions.	105
Figure 19 Self-indicated level of workload for each scenario.	107
Figure 20 Level of workload indicated by the Bedford-scale for each scenario.	108
Figure 21 Ratings on workload and operating methods.	108
Figure 22 Operational acceptability of the system (CARS).	109
Figure23 Usability of the system.	111
Figure 24 Functionality of colour coding of the aerodromes.	111
Figure 25 Trust and usability of the system (SATI).	114
Figure 26 Familiarity of the system	114
Figure 27 Familiarity of the system.	115
Figure 28 Cost efficiency of the system. / Efficient manner to provide ATS.	120
Figure 29 Ability to provide ATS and handle all traffic.	121
Figure 30 Ability to provide ATS and handle all environmental conditions.	122
Figure 31ATCO appreciation of the Out Of the Window view.	123
Figure 32 Ratings regarding visual reproduction, overlays, abnormal scenarios, PTZ camera and ATS systems.	124
Figure 33 Ratings regarding the “zooming in/out functionality.	125
Figure 34 Ratings regarding the Visual Optical Tracking.	125
Figure 35 Ratings regarding the MET information overlays.	126
Figure 36 Percentage of ATCOs’ who found these three overlays useful for each scenario.	127
Figure 37 Percentage of ATCOs’ who found these three overlays useful for each scenario.	127
Figure 38 PTZ analyse	128
Figure 39 Percentage of ATCOs’ who used the PTZ camera for each scenario.	129
Figure 40 Percentage of ATCOs’ who found the PTZ camera or optional automatic tracking useful or confusing	129
Figure 41 Ratings regarding the pan-tilt-zoom camera.	130
Figure 42 Typical tasks to use the PTZ camera.	131
Figure 43 Use PTZ more / less often than binoculars.	131
Figure 44 Ratings regarding the Electronic Flight Strips.	132
Figure 45 Ratings regarding the communication systems.	133
Figure 46 Ratings regarding the ATCO planning tool.	134
Figure 47 Definition of Areas of Interest (AOI).	134
Figure 48 Attention Ratio (in %) plotted against AOI.	136
Figure 49 Attention Ratio (in %) plotted against AOI.	137
Figure 50: EXE.05-02.V3.003 traffic characteristics	148
Figure 51: China Lakes Scale	161
Figure 52: Situational Awareness results	162
Figure 53: Bedford Workload Scale	164
Figure 54: Workload	164
Figure 55 EXE.05-02.V3.003 Key parameters	176
Figure 56: EXE.05-02.V3.003 Validation platform	180
Figure 57: EXE.05-02.V3.003 Visual arrangement	181
Figure 58: EXE.05-02.V3.003 Traffic Situation Display	182
Figure 59: EXE.05-03.V2.003 Electronic Flight Strips	183
Figure 60 Debrecen civil regional aerodrome	187
Figure 61 Pápa military aerodrome	188
Figure 62 Schematics of Budapest airport	189
Figure 63 The RTS platform	190
Figure 64 The PSM platform	191
Figure 65 Subjective evaluation of the traffic level during the PSM trials	218
Figure 66 Subjective evaluation of the traffic complexity during the PSM trials	218
Figure 67 Overlays displayed on the panoramic screens during the PSM trials.	224
Figure 68: Post Exercise Question on Workload	266
Figure 69: Post Exercise Question on Operating Method	267
Figure 70: Post Exercise Question on Usability	268
Figure 71 Post Exercise Question on Confidence with the System	268
Figure 72: Question on Safety Level	269
Figure 73: Question on Unusual Events	270
Figure 74: Question on Potential Conflict	271
Figure 75: Question on Identification of Aircraft/Vehicle	271
Figure 76: Question on Traffic Prevision	272
Figure 77: Question on Abnormal Situation	274
Figure 78: Question on Detection and Recovery from Failure	275


[bookmark: _Toc459880138][bookmark: _Toc462151172][bookmark: _Toc22829086]Executive summary
Executive summary is informative and is an expanded version of the abstract (front page).
Executive summary should be less than one page, except for very long document (more than 100 pages) for which up to two pages can be accepted.
Executive summary must not contain reference to subsequent sections in the document.
All statements in the Executive summary should be supported by facts.
It shall provide a summary of the key information and elements contained in the Validation Report.
Purpose and Scope of the Validation Activities covered in the Validation Report:
· The executive summary shall briefly describe the purpose, scope and main validation objectives of the different validation exercises that have been performed by the project on a SESAR Solution at a given Vx phase. It shall include as well a brief summary of the methods used.
Key Validation result at SESAR Solution Level: 
· the main objective of the executive summary is to report, in a clear and succinct way, the main consolidated results obtained in the different validation exercises.
Summary of Key Conclusions:
· Conclusions regarding the achieved maturity level for the SESAR Solution shall be clearly stated;
· Conclusion on concept clarification;
· Conclusion of technical feasibility. 
Summary of Key Recommendations:
· Clear and unambiguous recommendations shall also be captured in the executive summary i.e. regarding the proposed way forward for the SESAR Solution.
This document describes the Validation Report for PJ05-Solution 02 “Multiple Remote Tower Module" MRTM” targeting V3 maturity level.
As the main driver for the solution is increased cost efficiency by an increase of ATCO productivity, which cannot directly be validated in the exercises, the validations will address the prerequisites of the concept, i.e. safety and human performance, this with kept level of safety. The increase of ATCO productivity is reached with the Multiple Remote Tower concept where one ATCO controls more than one aerodrome. The goal for all of the validation exercises was to validate two or three aerodromes controlled simultaneously by one ATCO with a total traffic level of 20 movements per hour. This compared to SDM-0205 which in SESAR 1 validated approximately 6 movements per hour.
The key conclusions from the validations are:
· Multiple Remote Tower, one ATCO controlling more than one aerodrome simultaneously, can be safe as long as the operator’s workload and situation awareness (SA) are kept to reasonable levels.
· The ATCO’s workload and SA correlate with complexity. Complexity contributing factors are e.g. traffic load, VFR/IFR mix, aerodrome layout. Multiple Remote Control is a contributing factor impacting workload and SA, which has to be (like all other complexity contributing factors) considered when MRTM is deployed.
· Short term planning tools supported the ATCO in monitoring and predicting traffic loads. 
Validations showed that safety could be kept, both for ATCOs’ participating during the test as subjects, and for expert observers.
· Aerodrome layout complexity has an impact on capacity
· Different HMIs are possible, side by side, on top presentation and a combination was tested
· Using The airport name in communication adds situational awareness and there was no need to add a phrase stating Remote Control
· The opening angle in the VP presenting the aerodromes is important for situational awareness and needs to be considered
The validations designed as real-time simulations make it possible to stress different hazards and technical degradation without any risk compared to Active mode trials. A shadow mode trial was performed. These situations focus on ATCO situational awareness. Trials were performed at different locations based on different prototypes. Workshops were used in addition to the validation activities to obtain more data for the Safety and Human Performance report in part II and part IV.

The following four validations were executed in order to reach V3 maturity for Solution 02: 
· EXE-05.02-V3-002 – COOPANS 	
COOPANS partners validation for 2 small environment airports 10.000 to 45.000 annual movements, based on platforms further developed from SESAR 1 by Saab (NATMIG) and V2 trials by COOPANS and NLR (AT-One) (Real Time Simulations).
· EXE-05.02-V3-003 - INDRA 	
INDRA validation for 3 other environment airports based on INDRA prototype and INDRA (Avinor ANS Linked Third Party) validation platform (Real Time Simulation)
· EXE-05.02-V3-004 - FSP 	
FREQUENTIS (FSP) validation for 3 other environment airports, simulated with one runway of Budapest, a small civil Hungarian airport Debrecen and a military small Hungarian airport Papa based on integrated Frequentis prototype in a AT-One (DLR) HITL real-time simulation validation platform situated in Braunschweig, Germany. 
EXE-05.02-V3-005 - ENAV	
ENAV partners validation for 2 small environment airports (simulated with a higher traffic level) based on the ENAV real-time simulation platforms situated in Ciampino.
[bookmark: _Toc459880139][bookmark: _Toc462151173]The OI step addressed by the validations was:
SDM-0207:
Multiple Remote Tower Module (for up to 3 airports)
The following figure shows the OIs and allocation of enablers:

[bookmark: _Toc490136670][bookmark: _Toc494458243][bookmark: _Toc22828953]Figure 1 Enablers addressed in V3 validations
Note: Template date is not available on Stellar wherefore date for first edition draft is the one used on page 1.
[bookmark: _Toc22829087]Introduction
[bookmark: _Toc459880140][bookmark: _Toc462151174][bookmark: _Toc22829088]Purpose of the document
This section states the purpose and scope of the Validation Report and provides enough information to orient the reader.
One Validation Report shall be produced per SESAR Solution and Maturity Phase. It consolidates the Validation results for a SESAR Solution after a V phase. Any deviation with respect to this rule shall be duly informed and justified to the SJU.
This template is applicable to V1, V2 and V3 phases. In case the author considers some section/s to be non-applicable due to the specificities of the V phase the project is addressing should just write N/A. The author can also add sub-sections if he/she understands there is a need of more additional structure under the existing headings.
[bookmark: _Toc459880141][bookmark: _Toc462151175]This document provides the Validation Report for PJ05 Solution 02 for V3. <SESAR Solution X at Vx phase>. It describes the results of validation exercises defined in SESAR Solution PJ.05-02: Validation Plan (VALP) for V3 Part I<VALP> and how they have been conducted, and provides a set of relevant conclusions and recommendations.
This document VALR covers the main body of the Validation Report: validation approach and context, the validation objectives, scenarios and validation exercises. It is complemented by the following documents: 
· PJ05-02 SPR-INTEROP/OSED Part II Safety Assessment Report
· PJ05-02 SPR-INTEROP/OSED Part III Security Assessment Report
· PJ05-02 SPR-INTEROP/OSED Part IV Human Performance Assessment Report
· PJ05-02 SPR-INTEROP/OSED Part V Performance Assessment Report
[bookmark: _Toc22829089]Intended readership
This section identifies who can be interested in this document and explain why it is important for them. It shall be synthetic (no more than half a page) and supported by an annex if necessary.
The intended audience for this document are primarily all the partners involved in SESAR 2020 (PJ05) addressing solution 02 and solution 03.
The intended readerships for this document are: 
· PJ05 Partners addressing PJ05 solution 02 and solution 03

External to the SESAR project, other stakeholders are to be found among:
· ANS providers;
· ATM infrastructure and equipment suppliers.
· Airspace users;
· Airport owners/providers;
· Affected NSA;
· Affected employee unions;

SESAR 2020 Projects/Solutions:
· PJ.14 (EECNS) CNS 

SESAR 2020 Transversal Projects:
· PJ.19 (CI) Content Integration
· PJ.20 (AMPLE) Master Plan Maintenance
· PJ.22 (Seabird) Validation & Demonstration Engineering
[bookmark: _Toc458437714][bookmark: _Toc459880143][bookmark: _Toc462151177][bookmark: _Toc22829090][bookmark: _Toc459880142][bookmark: _Toc462151176]Background
Background can be presented if any previous work e.g. in previous V phases and/or outside SESAR has been done on the subject covered by the SESAR Solution and this document. A special emphasis on what is reused from another project or from past-projects will be appreciated.
This document considers the work done in SESAR 1 for solution #52 “Remote tower for two low density aerodromes”. 
Validation in SESAR 1 was conducted within the frame of the three different Operational Improvements, 
· SDM-0201 - Single Remote Tower for low density aerodromes 
· SDM-0204 - Contingency solutions for aerodromes with one main RWY
· SDM-0205 - Multiple solution for two low density aerodromes simultaneously
The work done for single remote tower and contingency remote tower are the baseline for multiple remote tower concepts, but are not addressed in this document. Information can be found in the data packs for the following solutions:
· Solution #71: “ATC and AFIS service in a single low density aerodrome from a remote CWP”
· Solution #12: “Single remote tower operations for medium traffic volumes”
· Solution #13: “Remotely provided air traffic service for contingency situations at aerodromes
Validations within SESAR 2020 were performed at V2 level for following operational improvement:
· SDM-0207 – Multiple Remote Tower Module
[bookmark: _Toc22829091]Structure of the document
This section identifies terms and their definition and shall include the reference to the source of the definition. The table can also include terms that are not available in any referenced documents, and a proposed definition. However, new definitions shall not be proposed for terms already defined elsewhere.
[bookmark: _Toc462921063][bookmark: _Toc459122071][bookmark: _Toc462741244][bookmark: _Ref316482366][bookmark: _Toc459880146][bookmark: _Toc462151180]This document addresses the solutions PJ05-02 focusing on Remote Towers and development of Multiple Remote Tower, aiming for a V3 maturity. Due to the shared development between solution 2 and 3 common content in both solutions are described in columns describing the difference.
The structure of the document is as follows:
§1 Contain the executive summary of the document; 
§2 This section introduces the document and scopes the concept. 
§3 Describes the context of the validation
§4 Contains the SESAR Solution Validation Plan to reach V3 
§5 List of each Validation Exercise at the different validation sites for solution 2
§6 List of the References applicable to this document


[bookmark: _Toc22829092]Glossary of terms
	Term
	Definition
	Source of the definition

	AIR-REPORT
	A report from an aircraft in flight prepared in conformity with requirements for position, and operational and/or meteorological reporting.
	ICAO Annex 3

	ATS (Air Traffic Service)
	A generic term for the three services Flight Information Service (FIS), Alerting Service (ALRS) and Air Traffic Control Service (ATC). In this document, when the term ATS is used, it is usually referring to TWR or AFIS in the context
	ICAO, Annex 11

	Aerodrome Control Service (TWR)
	The air traffic control (ATC) service provided by the Air Traffic Control Officer (ATCO) for an aerodrome.
	ICAO

	APP (Approach control service)
	APP (Approach control service) is the service for Arrival and Departing traffic (before and after they will be/have been under the TWR control. APP is provided by a single ATCO for one or more airports, either separate or in combination with TWR (TWR & APP from the Tower).
	ICAO

	Input device
	An input device is used to provide data and control signals to an information processing system. Examples are: keyboard, mouse, and touch screen.
	SESAR

	Output device
	An output device is used to provide information to the human actor (e.g. visual, tactile, auditory).
	SESAR

	VP (Visual Presentation)
	VP view’ means a view of the area of responsibility of the aerodrome ATS unit from a conventional tower, obtained via direct visual observation.
Note: VP is also explained as VP, Visual Panorama, in other documents.
	EASA

	Multiple Remote Tower Module (MRTM)
	Term for the complete module including both the CWP(s) and the Visual Presentation display screens. A MRTM is defined as a work station for one or two ATCOs’ able for providing ATS to more than one aerodrome simultaneously. The MRTM will enable the ATCO to maintain a view over the aerodromes including the manoeuvring area and surfaces as stipulated in regulation.
	PJ.05 definition

	Remote Tower Module (RTM)
	Remote Tower Module (RTM) is the term for the complete module including both the CWP and the Visual Presentation display screens. An RTM is defined as a work station for one or two ATCOs’ able for providing ATS to one single airport. The RTM will enable the remote tower operator to maintain a view over the aerodrome including the manoeuvring area and surfaces as stipulated in regulation.
	EASA

	Technical Enablers
	Technical Enablers refer to additional features and functions within a single or a multiple module that enable the provision of ATS using the concept. These technical features will assist in the areas of visualisation and operational performance. Further information on the requirement status of the Technical Enablers is given within this document.  
	SESAR

	Remote Tower
	Remote Tower is where ATS is remotely provided through the use of direct visual capture and visual presentation e.g. through the use of cameras.
	EASA

	Remote Tower Centre (RTC)
	A Remote Tower Centre (RTC) is a centralised facility housing one or more MRTMs/RTMs where the provision of a remote ATS may be provided to one or more aerodromes.
	EASA

	Remote Tower Centre Supervisor (RTC SUP)
	Remote Tower Centre Supervisor (RTC SUP) The role of an RTC supervisor may be established in order to provide an efficient set up at all times and guarantee a flexible system by means of; maintaining overall supervision of all aerodromes within the RTC; managing the allocation of staff and Modules (MRTMs/RTMs); performing planning, administration, allocation of tasks and supervision of technical systems.
	PJ.05 definition

	Visual Presentation
	Visual Presentation means a view of the area(s) of responsibility of the aerodrome ATS unit, provided by a visual display
	EASA

	Simultaneous movements….
	Simultaneous movements are all aircraft and vehicle movements under the control of the ATCO or on the frequency at the same time.
	PJ.05 definition
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To be completed.
	Term
	Definition

	ACC
	Area Control Centre

	AD
	Aerodrome

	ADD
	Architecture Definition Document

	AFIS
	Aerodrome Flight Information Service

	AFISO
	Aerodrome Flight Information Service Officer

	AGL
	Aerodrome Ground Lighting 

	AIM
	Aeronautical Information Management

	AIP
	Aeronautical Information Publication

	ALRS
	Alerting Service 

	AN
	Availability Note

	ANSP
	Air Navigation Service Provider

	APP
	Approach Control

	APT
	Airport

	ARR
	Arrival

	ATCC
	Air Traffic Control Centre

	ATCEUC
	Air Traffic Controllers European Union’s Coordination

	ATCO
	Air Traffic Control Officer

	ATIS
	Automatic Terminal Information Service

	ATM
	Air Traffic Management

	ATM MP
	Air Traffic Management Master Plan

	ATS
	Air Traffic Service

	ATSEP
	Air Traffic Service Electronic Personnel

	AVF
	Advance Visual Features

	CAVOK
	Ceiling and Visibility OK

	CNS
	Communication Navigation and Surveillance

	CONOPS
	Concept of Operations

	CR
	Change Request

	CTR
	Control Zone

	CWP
	Controller Working Position

	DEP
	Departure

	EASA
	European Aviation Safety Agency

	EATMA
	European ATM Architecture

	EFS
	Electronic Flight Strip system

	E-ATMS
	European Air Traffic Management System

	E-OCVM
	European Operational Concept Validation Methodology

	FATO
	Final approach and take-off area

	HDD
	Heads-Down Display

	HUD
	Heads-Up Display

	HPAR
	Human Performance Assessment Report

	IBP
	Industrial Based Platform

	IFR
	Instrument Flight Rules

	ILS
	Instrument Landing System

	INTEROP
	Interoperability Requirements

	IRS
	Interface Requirements Specification

	KPA
	Key Performance Area

	KPI
	Key Performance Indicator

	LVO
	Low Visibility Operations

	LVP
	Low Visibility Procedures

	MET
	Meteorology, meteorological

	METAR
	meteorological Aerodrome Reports

	MRTM
	Multiple Remote Tower Module

	Mv
	Movement

	OI
	Operational Improvement

	OPAR
	Operational Performance Assessment Report

	OSED
	Operational Service and Environment Definition

	OTW
	Out-The-Window

	PAR
	Performance Assessment Report

	PIRM
	Programme Information Reference Model

	PPR
	Prior Permission Required

	PSM
	Passive Shadow Mode

	PTZ
	Pan-Tilt-Zoom

	QoS
	Quality of Service

	RPAS
	Remotely Piloted Aircraft Systems

	RTC
	Remote Tower Centre

	RTM
	Remote Tower Module

	RTO
	Remote Tower Operations

	RVR
	Runway Visual Range

	RTC SUP
	RTC supervisor

	RWY
	Runway

	SA
	Situational Awareness

	SAC
	Safety Criteria

	SAR
	Safety Assessment Report

	SecAR
	Security Assessment Report

	SESAR
	Single European Sky ATM Research Programme

	SJU
	SESAR Joint Undertaking (Agency of the European Commission)

	SPR
	Safety and Performance Requirements

	SUT
	System Under Test

	SWIM
	System Wide Information Model

	TAF
	Terminal Aerodrome Forecast

	TRL
	Technology Readiness Level

	TS 
	Technical Specification

	TSD
	Traffic Situation Display

	TWY
	Taxiway

	UC
	Use Case

	VALP
	Validation Plan

	VALR
	Validation Report

	VALS
	Validation Strategy

	VCS
	Voice Communications System

	VFR
	Visual Flight Rules

	VMC
	Visual Metrological Conditions


[bookmark: _Toc463510342][bookmark: _Toc22829135]Table 2: Acronyms and terminology
[bookmark: _Toc22829094]Context of the Validation
This section provides the general background for the Validation Report, and describes the context for the Validation Report per V phase that will be detailed in section 4.
Note that this section shall be considered as an introduction to the following sections.
[bookmark: _Toc453073176][bookmark: _Toc459880147][bookmark: _Toc462151181][bookmark: _Ref488404457][bookmark: _Toc22829095]SESAR Solution PJ.05.02-V3: a summary
This section provides a description of the SESAR Solution(s) under the scope of the Validation Report, with reference to the applicable version of EATMA. It makes reference to the list of OI steps and enablers associated to the SESAR Solution, and whether or not they have been addressed by the validation activities described in the document.

	SESAR Solution ID
	SESAR Solution Description
	Master or Contributing
(M or C)
	Contribution to the SESAR Solution short description
	OI Steps ref. (from EATMA)
	Enablers ref. (from EATMA)

	PJ05-02
	Multiple Remote Tower Module
	M
M
	
	SDM-0207
Remotely Provided Air Traffic Service for Multiple Aerodromes (for up to three aerodromes)
	AERODROME-ATC-79
Multiple Remote Tower Module

	
	
	
	
	
	AERODROME-ATC-81
ATCO planning tool for MRTM

	
	
	
	
	
	AERODROME-ATC-82
Technical supervision of MRTM

	
	
	
	
	
	Meteo 03
Met Services Apt

	
	
	
	
	
	Meteo 03c – (optional)
Met Services Apt & APP

	
	
	
	
	
	CTE-C14 – Advanced Voice Services


[bookmark: _Ref316648063][bookmark: _Toc323217029][bookmark: _Toc323915013][bookmark: _Toc462148677][bookmark: _Toc22829136]Table 3: SESAR Solution(s) addressed in the Validation Report



This section should also highlight any possible deviation with respect to the reference material in terms of SESAR Solution title and definition, relationships between the SESAR Solutions and OI Steps and Enablers and/or any available information on SESAR Solutions/OI steps/enablers in the ATM MP Level 2.
[bookmark: _Toc459880148][bookmark: _Toc462151182][bookmark: _Toc22829096]Summary of the Validation Plan
[bookmark: _Toc462741246][bookmark: _Toc459880149][bookmark: _Toc462151183]Validation Plan Purpose
This section shall provide a brief description of the overall aim of the Validation Plan.
It shall provide a high level description of the geographical and operational environment(s) that have been used for the validation activities;
The section shall provide as well an overview of the relevant technology environment that is relevant for the scope of the Validation activities captured in this Validation Report.
The validations for PJ.05-02 aimed to develop and validate a MRTM that allows the ATCO to maintain situational awareness for 2 small environment airports or 3 other environment airports simultaneously with the following traffic characteristics regarding simultaneous movements (including mix of IFR and VFR):
· 10 - 20 movements (ground and air) per hour for all airports
· 2 airports with up to 6 simultaneous movements
· 3 airports with up to 4 simultaneous movements
The traffic characteristics are just providing an indication of the traffic volumes – traffic volumes in specific situations might deviate from this indication depending on traffic complexity and other factors influencing workload. Traffic volumes in this document refer to the amount of movements per hour at each airport.
In order to be able to allow more airports and/or higher traffic volumes to be controlled simultaneously from one MRTM compared to SESAR 1 solution #52 or #12, the solution validates advanced features of the visual reproduction as well as additional voice services being integrated into the MRTM. 
It is assumed that an ATCO can hold endorsements for up to 3 (single) different airports.
There is a fixed allocation of airports to a set of MRTMs. In order to balance ATCO workload and traffic volumes, the ATCO can split a MRTM if required. The ATCO is supported in evaluating traffic volumes and workload by a planning tool that considers the grouped/clustered airports.
EATMA airport definitions used for the validations:
· Other environment airports – 0 up to 15.000 annual movements
· Small environment airports – 15.000 up to 40.000 annual movements
https://www.eatmportal.eu/working/data/architectural_products/12246568
	Edition 00.01.01
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Summary of Validation Objectives and success criteria
Provide a summary of the Validation objectives associated to the SESAR Solution(s) addressed by the exercise/s covered in the VALR.
If no change has been reported with respect to the validation objectives in the VALP, a reference to the VALP is enough.
The following list provides an overview on the generic validation objectives and validation criteria used for validating the multiple remote tower concepts. The Identifiers common for both solution 02 and solution 03 are labelled PJ05.00-V2-VALP-yyxx, the ones used only for solution 02 are identified PJ05.02-yyxx and the ones for solution 03 are identified PJ05.03-yyxx. More detailed information about objectives on Human Performance and Safety are to be found in the VALP, HP and Safety Assessment plan. Objectives were covered either during Real Time Simulations or in workshops.
	Objective ID
	Validation Objective
	Criteria ID
	Validation Criteria
	Sol 2 V3
	Sol 3 V2

	HUMAN PERFORMANCE – SITUATION AWARENESS
	
	

	OBJ-PJ05.02-V3-VALP-H02
	Assess ATCO situation awareness when providing ATS to multiple aerodromes
	CRT-PJ05.02-V3-VALP-H02.010
	ATCOs’ situation awareness is at an acceptable level
	YES
	YES

	
	
	CRT-PJ05.02-V3-VALP-H02.020
	ATCOs’ can prioritise tasks 
	YES
	YES

	
	
	CRT-PJ05.02-V3-VALP-H02.030
	ATCOs’ confirm that the user interface design supports a sufficient level of individual situation awareness
	YES
	YES

	
	
	CRT-PJ05.02-V3-VALP-H02.040
	ATCO maintain an adequate level of SA, despite having to divide their attention to several airports with different procedures and characteristics (geographical area, urban infrastructure, weather conditions etc.)
	YES
	YES

	OBJ-PJ05.03-V2-VALP-H03
	Assess Supervisor situation awareness when providing ATS to multiple aerodromes
	CRT-PJ05.03-V2-VALP-H03.010
	Supervisor situation awareness is at an acceptable level
	
	YES

	
	
	CRT-PJ05.03-V2-VALP-H03.020
	Supervisor situation awareness is at an acceptable level in terms of expected traffic
	
	YES

	
	
	CRT-PJ05.03-V2-VALP-H03.030
	Supervisor situation awareness is at an acceptable level in terms of number of airports controlled in the RTC at an RTM and the aerodromes the ATCO holds licences for
	
	YES

	
	
	CRT-PJ05.03-V2-VALP-H03.040
	Supervisor situation awareness is at an acceptable level in terms of forecasted weather conditions at the various aerodromes
	
	YES

	HUMAN PERFORMANCE – WORKLOAD
	
	

	OBJ-PJ05.02-V3-VALP-H04
	Assess ATCO workload when providing ATS to multiple aerodromes 
	CRT-PJ05.02-V3-VALP-H04.010
	ATCOs’ workload is at an acceptable level
	YES
	YES

	OBJ-PJ05.03-V2-VALP-H05
	Assess Supervisor workload when supporting the provision of ATS to multiple aerodromes 
	CRT-PJ05.03-V2-VALP-H05.010
	Supervisor workload is at an acceptable level
	
	YES

	HUMAN PERFORMANCE – ACCEPTANCE OF OPERATING METHODS / ROLES
	
	

	OBJ-PJ05.02-V3-VALP-H06
	Assess ATCOs’ acceptance of operating methods when providing ATS to multiple aerodromes
	CRT-PJ05.02-V3-VALP-H06.010
	ATCOs’ can apply operating methods in an accurate, efficient and timely manner
	YES
	YES

	OBJ-PJ05.02-V3-VALP-H07
	Assess ATCO acceptance of roles and responsibilities when providing ATS to multiple aerodromes
	CRT-PJ05.02-V3-VALP-H07.010
	Changes to ATCOs’ roles and responsibilities introduced by the remote tower concept are clear, consistent, stable and acceptable. 
	YES
	YES

	OBJ-PJ05.02-V3-VALP-H08
	Assess usage of the ATCO phraseology 
	CRT-PJ05.02-V3-VALP-H08.010
	The phraseology is acceptable for the ATCO
	YES
	YES

	OBJ-PJ05.03-V2-VALP-H09
	Assess Supervisors acceptance of operating methods when supporting provision of ATS to multiple aerodromes
	CRT-PJ05.03-V2-VALP-H09.010
	SUPs can apply operating methods in an accurate, efficient and timely manner
	
	YES

	OBJ-PJ05.03-V2-VALP-H10
	Assess Supervisor acceptance of roles and responsibilities when supporting provision of ATS to multiple aerodromes
	CRT-PJ05.03-V2-VALP-H10.010
	SUPs roles and responsibilities introduced by the remote tower concept are clear, consistent, stable and acceptable. 
	
	YES

	HUMAN PERFORMANCE – USABILITY and UTILITY
	
	

	OBJ-PJ05.02-V3-VALP-H11
	Assess usability and utility of ATCO human machine interface when providing ATS to multiple aerodromes
	CRT-PJ05.02-V3-VALP-H11.010
	ATCOs’ have all required information available
	YES
	YES

	
	
	CRT-PJ05.02-V3-VALP-H11.020
	ATCOs’ confirm adequate usability of input devices
	YES
	YES

	
	
	CRT-PJ05.02-V3-VALP-H11.030
	ATCOs’ confirm adequate usability of ATS-Systems.
	
	

	
	
	CRT-PJ05.02-V3-VALP-H11.040
	ATCOs’ confirm adequate usability of alarms and alerts
	YES
	YES

	
	
	CRT-PJ05.02-V3-VALP-H11.050
	The human machine interface does not increase the potential for human error
	YES
	YES

	
	
	CRT-PJ05.02-V3-VALP-H11.060
	ATCOs’ confirm adequate usability of PTZ
	YES
	YES

	
	
	CRT-PJ05.02-V3-VALP-H11.080
	ATCOs’ confirm adequate usability and trust of PTZ automatic tracking
	YES
	YES

	OBJ-PJ05.03-V2-VALP-H12
	Assess usability and utility of Supervisor human machine interface when supporting provision of ATS to multiple aerodromes
	CRT-PJ05.03-V2-VALP-H12.010
	Supervisors have all required information available
	
	YES

	
	
	CRT-PJ05.03-V2-VALP-H12.020
	Supervisor confirm adequate usability of input devices
	
	YES

	
	
	CRT-PJ05.03-V2-VALP-H12.030
	Supervisor confirm adequate usability of Planning-Systems
	
	YES

	
	
	CRT-PJ05.03-V2-VALP-H12.040
	Supervisor confirm adequate usability of alarms and alerts
	
	YES

	
	
	CRT-PJ05.03-V2-VALP-H12.050
	The human machine interface does not increase the potential for human error
	
	YES

	HUMAN PERFORMANCE – TRUST
	
	

	OBJ-PJ05.02-V3-VALP-H13
	Assess ATCO trust in support systems when providing ATS to multiple aerodromes
	CRT-PJ05.00-V2-VALP-H13.010
	ATCOs’ trust the functionality of the automated task prioritisation
	
	YES

	
	
	CRT-PJ05.00-V2-VALP-H13.020
	ATCOs’ trust the functionality of the conformance monitoring
	
	YES

	
	
	CRT-PJ05.00-V2-VALP-H13.030
	ATCOs’ trust the voice recognition functionality
	
	YES

	
	
	CRT-PJ05.02-V3-VALP-H13.040
	ATCOs’ trust in reliability of alarms and alerts
	YES
	YES

	
	
	CRT-PJ05.02-V3-VALP-H13.050
	ATCOs’ rate the accuracy of surveillance information as adequate
	YES
	YES

	
	
	CRT-PJ05.02-V3-VALP-H13.060
	ATCO trust the overlaid information 
	YES
	YES

	
	
	CRT-PJ05.02-V3-VALP-H13.070
	ATCOs’ rate the usability of automatic object tracking as adequate
	YES
	YES

	
	
	CRT-PJ05.02-V3-VALP-H13.080
	ATCOs’ rate the usability of automatic object bounding as adequate
	YES
	YES

	OBJ-PJ05.03-V2-VALP-H14
	Assess Supervisor trust in support systems when supporting provision of ATS to multiple aerodromes
	CRT-PJ05.03-V2-VALP-H14.010
	Supervisor trust the performance of the technical systems
	
	YES

	SAFETY - GENERAL
	
	

	OBJ-PJ05.02-V3-VALP-S01
	Assess whether the levels of safety are maintained or improved under all normal conditions when ATS are remotely provided to multiple airports
	CRT-PJ05.02-V3-VALP-S01.010
	The Safety Acceptance Criteria are satisfied (i.e. no increase of risk with respect to a situation in which ATC services are remotely provided by a controller to a single remote tower). 
Note: A risk assessment is performed.
	YES
	YES

	OBJ-PJ05.02-V3-VALP-S02
	Assess whether the ATS can safely continue to be remotely provided to multiple aerodromes under external abnormal conditions.
	CRT-PJ05.02-V3-VALP-S02.010
	The Safety Acceptance Criteria are satisfied. 
Note: A risk assessment is performed.
	YES
	YES

	OBJ-PJ05.02-V2-VALP-S03
	Assess whether the ATS can safely be remotely provided to multiple aerodromes during degraded modes of operation 
	CRT-PJ05.02-V3-VALP-S03.010
	The Safety Acceptance Criteria are satisfied. 
Note: A risk assessment is performed and need to be performed during deployment.
Validation note: Covered in SAF workshop on V3 level (not in validation exercises)
	YES
	YES

	SAFETY 
	
	

	OBJ-PJ05.02-V3-VALP-S04
	Assess ATCO capability to provide ATC services in a safe manner to multiple aerodromes under all normal conditions
	
CRT-PJ05.02-V3-VALP-S04.010
	ATCO is able to identify and solve potential conflicts in a timely manner:
· In the vicinity of the aerodrome
· In the runway area 
· On the manoeuvring area
	YES
	YES

	
	
	CRT-PJ05.02-V3-VALP-S04.020
	ATCO is able to identify and solve hazardous situations in a timely manner (e.g.):
· Unstable approaches
· Bird strikes
· Aircraft not vacating RWY as expected
	YES
	YES

	
	
	CRT-PJ05.02-V3-VALP-S04.030
	ATCO is able to distinguish with which aircraft, vehicle at which aerodrome the ATCO is communicating with
	YES
	YES

	
	
	CRT-PJ05.02-V3-VALP-S04.040
	ATCO is able to distinguish with which sector the ATCO is communicating with 
Note: COOPANS used a COM-set up with a centralised approach and the available airports in COM-panel.
	YES
	YES

	
	
	CRT-PJ05.02-V3-VALP-S04.050
	ATCO is not inducing more conflicting situations than in the baseline
	YES
	YES

	OBJ-PJ05.02-V3-VALP-S05
	Assess ATCO capability to perform specific procedures related to MRTM capabilities in a safe manner 
	CRT-PJ05.02-V3-VALP-S05.010
	ATCO is able to foresee traffic at his/her MRTM at short term in order to avoid overloads
	YES
	YES

	OBJ-PJ05.02-V3-VALP-S06
	Assess ATCO capability to cope with / manage abnormal situation in a  safe manner
	CRT-PJ05.02-V3-VALP-S06.010
	ATCO is able to identify and manage abnormal situations (e.g.):
· Unknown flight
· Aircraft emergency
· Crash on an airport or its vicinity
· Fire on an airport
· Unplanned closure of an airport 
	YES
	YES

	

OBJ-PJ05.02-V3-VALP-S07
	

Assess ATCO capability to cope with / manage degraded modes and recover from them in a safe manner
	CRT-PJ05.02-V3-VALP-S07.010
	ATCO is able to detect and recover from a failure occurring at one of the airports affecting (e.g.):
· Communication
· Visualisation system
· Other airport systems / infrastructure
	YES
	YES

	
	
	CRT-PJ05.02-V3-VALP-S07.020
	ATCO is able to detect and recover from a failure occurring in several airport (e.g.):
· Communication
· Visualisation system
· Other airport systems / infrastructure
	YES
	

	
	
	CRT-PJ05.02-V3-VALP-S07.030
	ATCO is able to detect and recover from a failure in the MRTM affecting (e.g) :
· Communication
· Visualisation system
	YES
	

	OBJ-PJ05.03-V2-VALP-S08
	Assess Supervisor capability to support in abnormal situations in a remote tower centre
	CRT-PJ05.03-V2-VALP-S08.010
	Supervisor is able to identify and manage abnormal situations:
· Crash on an airport or its vicinity
· Fire on an airport
· Unplanned closure of an airport
· ATCO overload in one or more MRTM of the RTC 
	
	

	OBJ-PJ05.03-V2-VALP-S09
	Assess Supervisor capability to cope with degraded situations and recover from it in a remote tower centre
	CRT-PJ05.03-V2-VALP-S09.010
	Supervisor is able to detect technical failures occurring in one module of the RTC related to:
· Communication
· Visualisation system
· Other systems in the MRTM
	
	

	
	
	CRT-PJ05.03-V2-VALP-S09.020
	Supervisor is able to apply corresponding  procedures to recover from degraded situation affecting one module in the RTC 
	
	

	
	
	CRT-PJ05.03-V2-VALP-S09.030
	Supervisor is able to detect technical failures occurring in several modules in the RTC related to :
· Communication
· Visualisation system 
· Other systems in the MRTM
	
	

	CAPACITY
	
	

	OBJ-PJ05.02-V3-VALP-CA1
	Assess capacity constraints when providing ATS to multiple aerodromes
	CRT-PJ05.02-V3-VALP-CA1.010
	An indication for controller capacity is given (in terms of simultaneous movements, up to 4 movements) when ATS is provided to multiple remote towers
	YES
	YES

	COST EFFICIENCY
	
	

	OBJ-PJ05.02-V3-VALP-CE1
	Assess the staff required for providing ATS to multiple aerodromes
	CRT-PJ05.02-V3-VALP-CE1.010
	ATCO can provide ATS to x number of aerodromes 
	YES
	YES


[bookmark: _Toc22829137]Table 4: Summary of validation Objectives and Success Criteria
[bookmark: _Toc453073183][bookmark: _Toc459880150][bookmark: _Toc462151184][bookmark: _Ref488342138][bookmark: _Ref488342301][bookmark: _Ref488404586]Validation Assumptions
This section shall provide an overview of the validation assumptions that are applicable at SESAR Solution level and that may have an impact on the validation results and are required to understand/interpret the validation results. These assumptions are applicable to all the validation exercises that are contained in the Validation Report. Additional validation assumptions at exercise level shall be captured in Section Fehler! Verweisquelle konnte nicht gefunden werden..
These validation assumptions shall be consistent with the ones defined in the PJ19 Validation Strategy. If any deviation is identified, then this should be justified and reported in the document.
The Validation Assumptions should be recorded in a table of the following form. The list of validation assumptions will contain the pre-requisites e.g. pre-Step 1, SESAR 1 SESAR Solutions that are required for the validation. 
[bookmark: _Toc323915106][bookmark: _Toc462148678]
	Identifier
	Title
	Type of Assumption
	Description
	Justification
	Flight Phase
	KPA Impacted
	Source
	Value(s)
	Owner
	Impact on Assessment

	ASM-
PJ05-V2-VALP-ALL.01
	Single remote tower
	Concept
	Remote Provision of ATS to a single Aerodrome
	The concept was validated in SESAR1, no other validation is required
	
	ALL
	SESAR1
	
	ALL
	N/A

	ASM-
PJ05-V2-VALP-ALL.02
	Remote tower for two aerodromes
	Concept
	Remotely Provided Air Traffic Services for Two Low Density Aerodromes
	The concept was validated in SESAR1, no other validation is required
	
	ALL
	SESAR1
	
	ALL
	N/A

	ASM-
PJ05-V2-VALP-ALL.03
	PTZ accuracy
	Simulator presentation
	Proper control of the PTZ
	Due to the nature of simulated presentation, PTZ control will be accurate
	
	N/A
	SIM
	
	ALL
	N/A

	ASM-
PJ05-V2-VALP-ALL.04
	Object bounding 
	Simulator presentation
	Following a moving object by bounding could be an issue in the real environment
	Due to the nature of simulated presentation, object bounding will be accurate
	
	N/A
	SIM
	
	ALL
	N/A

	ASM-PJ05-V2-VALP-ALL.07
	ATCO licensing
	Human Performance
	The number of endorsements an ATCO can hold is limited
	It is assumed that an ATCO can hold endorsements for up to 3 (single) different airports
	
	HP
CAP
	Expert opinion
	
	ALL
	N/A


[bookmark: _Toc22829138]Table 5: Validation Assumptions overview

[bookmark: _Toc459880151][bookmark: _Toc462151185]
Validation Exercises List 

Table below present an overview of all exercises addressing solution 2 V3 validation activities.
	Trial
	Training
	Part
	Start
	End

	EXE-05.02-V3-002 – COOPANS
	March 2019
	All
	March 2019
	March 2019

	EXE.05.02-V3-003 – INDRA
	February 2019
	All
	February 2019
	March 2019

	EXE-05.02-V3-004 – FSP
	November 2018
	Part 1 – RTS 
	November 2018
	November 2018

	
	March 2019
	Part 2 – PSM 
	March 2019
	March 2019

	EXE-05.02-V3-005 – ENAV 
	November 2018
	All
	November 2018
	December 2018


[bookmark: _Toc490125525][bookmark: _Toc494458200][bookmark: _Toc22829139]Table 6: Validation exercises overview

The Validation Plan shall include all relevant validation exercises required and sufficient to achieve the target maturity level at Solution level. It might include specific validation exercises at a lower maturity level if they are considered as required to complete remaining non-blocking issues from a previous V phase.
This information can be extracted from the VALP, if no change has been reported.
[bookmark: _Toc459880152][bookmark: _Toc462151186]Table below presents the different set ups used for PJ.05.02 validations at V3 level.
	
	COOPANS
	INDRA
	FSP
	ENAV

	Airports

	Number of simultaneous Airports
	2
	3
	3
	2

	Traffic Volumes – amount per hour
	20 (a/c + vehicles)
	20-25
	20 - 30
	10-20 (a/c + vehicles)

	VFR Traffic
	~ 50%
	~13%
	10-20%
	NIL

	Panorama

	Monitor alignment
	Side by side
	Side by side and above
	Above each other
	Side by side

	Viewing Angle (panning)
	Up to 330° / 45°
	180° / 40°
(no panning)
	
	160° / 180°

	Weather Information
	Wind, QNH, ATIS available
	Wind, QNH
	Wind, QNH, visibility
	Wind, QNH, visibility

	Labels (continuous position update)
	Yes - optional
	N/A
	One Airport
	Yes - optional

	Object Bounding
	Yes - Optional
	N/A
	
	N/A

	PTZ

	Displayed
	In Panorama
	N/A
	Next to panorama
	In Panorama

	Hot Spots (Pre-set positions)
	Pre fixed locations
	N/A
	N/A
	Pre-fixed locations

	Automatic Tracking
	Yes
	N/A
	N/A
	N/A

	Manoeuvring
	Mouse steering
	N/A
	Separate input device
	Separate input device

	EFS

	Integrated into one Screen
	Columns
	Columns
	Columns
	Columns

	VFR Flight plans available
	Yes
	Yes
	Yes
	N/A

	Radar

	Air situation Display
	Yes
	Yes
	Yes
	Yes

	ATCO Planning tool

	look ahead time
	30, 60, 120 or  240min
	20min-4hr
	< 60 min
	30-180 min

	Information
	Workload, number of movements
	Call sign, flight rules
	Call sign
	Workload

	MRTM

	Colour coding for each airport
	Yes
	No
	Yes
	N/A

	Merge / Split
	Yes
	Yes
	N/A
	Yes - optional

	Voice communication

	Phraseology with Airport ID
	Yes
	Partly
	Yes
	Yes

	Air Frequencies
	Coupled
	Coupled
	Coupled (also with ground)
But only for simulation
	Coupled (also with ground)
But only for simulation

	Ground Frequencies
	Never coupled
	Coupled
	With air
	With air


[bookmark: _Toc22829140]Table 7: Validation set ups per partner


[bookmark: _Toc22829097]Deviations
[bookmark: _Toc462741258][bookmark: _Toc459880153][bookmark: _Toc462151187]Deviations with respect to the SJU Project Handbook
This section should include and justify all events and decisions that led to a deviation with respect to the SJU Project Handbook i.e. with respect to the Validation Strategy as well as the reference material maintained by PJ19.
If there is no deviation, please indicate so. N/A is not an appropriate answer in this section. The Validation Strategy is always applicable.
There are no deviations from SJU Project Handbook
[bookmark: _Toc459880154][bookmark: _Toc462151188]Deviations with respect to the Validation Plan
Necessity for dividing of validation objective success criteria CRT-PJ05.02-V3-VALP-H13.070 was identified. This results with the following two success criteria: 
· CRT-PJ05.02-V3-VALP-H13.070 – ATCOs’ rate the usability of automatic object tracking as adequate.
· CRT-PJ05.02-V3-VALP-H13.080 – ATCOs’ rate the usability of automatic object bounding as adequate.
This section should include and justify all events and decisions that led to a deviation with respect to the Validation Plan during the preparation and execution of the Validation Exercises.
If there is no deviation, please indicate so. N/A is not an appropriate answer in this section.
PTZ was in the Validation Plan not a specific Objective with Criteria but was during consolidation of results an important feature to present results from wherefore VALP-H11.080 – PTZ was added to reflect those results.
Specific deviations on exercise level are presented in Chapter 6.1, 6.2, 6.3 and 6.4.


[bookmark: _Toc459880155][bookmark: _Toc462151189][bookmark: _Ref488404405][bookmark: _Toc22829098]SESAR Solution PJ.05.02 Validation Results
[bookmark: _Toc459880156][bookmark: _Toc462151190][bookmark: _Toc22829099]Summary of SESAR Solution PJ.05.02 Validation Results
	SESAR Solution Validation Objective ID
	SESAR Solution Validation Objective Title
	SESAR Solution Success Criterion ID
	SESAR Solution Success Criterion
	Coverage
	SESAR Solution Validation Results
	SESAR Solution Validation Objective Status

	HUMAN PERFORMANCE – SITUATION AWARENESS
	
	
	

	OBJ-PJ05.02-V3-VALP-H02
	Assess ATCO situation awareness when providing ATS to multiple aerodromes
	CRT-PJ05.02-V3-VALP-H02.010
	ATCOs’ situation awareness is at an acceptable level
	COOPANS, INDRA, FSP, ENAV
	ATCOs’ managed to maintain situational awareness for up to 20 movements per hour with up to 6 simultaneous movements. 
	OK

	
	
	OBJ-PJ05.02-V3-VALP-H02.020
	ATCOs’ can prioritise tasks 
	COOPANS, INDRA, FSP, ENAV
	ATCOs’ could at all time prioritise tasks.
	OK

	
	
	OBJ-PJ05.02-V3-VALP-H02.030
	ATCOs’ confirm that the user interface design supports a sufficient level of individual situation awareness
	COOPANS, INDRA, FSP, ENAV
	Aerodromes were either presented side by side or on top of each other or a combination of both.
	OK

	
	
	OBJ-PJ05.02-V3-VALP-H02.040
	ATCO maintain an adequate level of SA, despite having to divide their attention to several airports with different procedures and characteristics (geographical area, urban infrastructure, weather conditions etc.)
	COOPANS, INDRA, FSP, ENAV
	Both similar and different characteristics were tested and proven OK. 
	OK

	OBJ-PJ05.03-V2-VALP-H03
	Assess Supervisor situation awareness when providing ATS to multiple aerodromes
	CRT-PJ05.03-V2-VALP-H03.010
	Supervisor situation awareness is at an acceptable level
	
	
	

	
	
	CRT-PJ05.03-V2-VALP-H03.020
	Supervisor situation awareness is at an acceptable level in terms of expected traffic
	
	
	

	
	
	CRT-PJ05.03-V2-VALP-H03.030
	Supervisor situation awareness is at an acceptable level in terms of number of airports controlled in the RTC at an RTM and the aerodromes the ATCO holds licences for
	
	
	

	
	
	CRT-PJ05.03-V2-VALP-H03.040
	Supervisor situation awareness is at an acceptable level in terms of forecasted weather conditions at the various aerodromes
	
	
	

	HUMAN PERFORMANCE – WORKLOAD
	
	
	

	OBJ-PJ05.02-V3-VALP-H04
	Assess ATCO workload when providing ATS to multiple aerodromes 
	CRT-PJ05.02-V3-VALP-H04.010
	ATCOs’ workload is at an acceptable level
	COOPANS, INDRA, FSP, ENAV
	Results show that ATCO workload was at an acceptable level during all validations. 
Note: Validations reflected peak level traffic
	OK

	OBJ-PJ05.03-V2-VALP-H05
	Assess Supervisor workload when supporting the provision of ATS to multiple aerodromes 
	CRT-PJ05.03-V2-VALP-H05.010
	Supervisor workload is at an acceptable level
	
	
	

	HUMAN PERFORMANCE – ACCEPTANCE OF OPERATING METHODS / ROLES
	
	
	

	OBJ-PJ05.02-V3 -VALP-H06
	Assess ATCOs’ acceptance of operating methods when providing ATS to multiple aerodromes
	CRT-PJ05.02-V3-VALP-H06.010
	ATCOs’ can apply operating methods in an accurate, efficient and timely manner
	COOPANS, INDRA, FSP, ENAV
	ATCOs’ could apply operating methods in an accurate, efficient and timely manner. 
	OK

	OBJ-PJ05.02-V3-VALP-H07
	Assess ATCO acceptance of roles and responsibilities when providing ATS to multiple aerodromes
	CRT-PJ05.02-V3-VALP-H07.010
	Changes to ATCOs’ roles and responsibilities introduced by the remote tower concept are clear, consistent, stable and acceptable. 
	COOPANS, INDRA, FSP, ENAV
	No new roles or changes to the roles in a Multiple Remote Tower environment. Responsibilities need to be defined at a local level and acceptance is related to workload.
Note: Mitigations described in ch. 6.3
	Partially OK

	OBJ-PJ05.02-V3-VALP-H08
	Assess usage of the ATCO phraseology 
	CRT-PJ05.02-V3-VALP-H08.010
	The phraseology is acceptable for the ATCO
	COOPANS, INDRA, FSP, ENAV
	The phraseology was acceptable during the validations. 
	OK

	OBJ-PJ05.03-V2-VALP-H09
	Assess Supervisors acceptance of operating methods when supporting provision of ATS to multiple aerodromes
	CRT-PJ05.03-V2-VALP-H09.010
	SUPs can apply operating methods in an accurate, efficient and timely manner
	
	
	

	OBJ-PJ05.03-V2-VALP-H10
	Assess Supervisor acceptance of roles and responsibilities when supporting provision of ATS to multiple aerodromes
	CRT-PJ05.03-V2-VALP-H10.010
	SUPs roles and responsibilities introduced by the remote tower concept are clear, consistent, stable and acceptable. 
	
	
	

	HUMAN PERFORMANCE – USABILITY and UTILITY
	
	
	

	OBJ-PJ05.02-V3-VALP-H11
	Assess usability and utility of ATCO human machine interface when providing ATS to multiple aerodromes
	CRT-PJ05.02-V3-VALP-H11.010
	ATCOs’ have all required information available
	COOPANS, INDRA, FSP, ENAV
	ATCOs’ had all required information available.
Note: Specific improvement need for each platform provided in ch 6.3, 6.4
	OK

	
	
	CRT-PJ05.00-V2-VALP-H11.020
	ATCOs’ confirm adequate usability of input devices
	COOPANS, INDRA, FSP, ENAV
	Results show that the number and type of input devices should be as few as possible.
	OK

	
	
	CRT-PJ05.00-V2-VALP-H11.030
	ATCOs’ confirm adequate usability of ATS-systems
	COOPANS, INDRA,FSP
	Integration of flight plan and other systems was Ok.
	OK

	
	
	CRT-PJ05.02-V3-VALP-H11-040
	ATCOs’ confirm adequate usability of alarms and alerts
	COOPANS, ENAV, FSP
	Each platform had different functionalities to support ATCO with visual feedback.
	OK

	
	
	CRT-PJ05.00-V2-VALP-H11.050
	The human machine interface does not increase the potential for human error
	COOPANS, INDRA, FSP, ENAV
	Almost all validations had positive results on human machine interface.
Note: Deployment recommendations are available in specific chapters. All validations in total presented positive results.
	Partially OK

	
	
	CRT-PJ05.00-V2-VALP-H11.060
	ATCOs’ confirm adequate usability of PTZ
	COOPANS, FSP, ENAV
	 PTZ was adequately used by the ATCOs’.
Note: Increased training  prior to validations is important
	OK

	
	
	CRT-PJ05.02-V3-VALP-H11.080
	ATCOs’ confirm adequate usability and trust of PTZ automatic tracking
	COOPANS, FSP, ENAV
	Simulated platforms perform a perfect tracking wherefore tests are needed in deployment to reach high quality automation.
	Partially OK

	OBJ-PJ05.03-V2-VALP-H12
	Assess usability and utility of Supervisor human machine interface when supporting provision of ATS to multiple aerodromes
	CRT-PJ05.03-V2-VALP-H12.010
	Supervisors have all required information available
	
	
	

	
	
	CRT-PJ05.03-V2-VALP-H12.020
	Supervisor confirm adequate usability of input devices
	
	
	

	
	
	CRT-PJ05.03-V2-VALP-H12.030
	Supervisor confirm adequate usability of Planning-Systems
	
	
	

	
	
	CRT-PJ05.03-V2-VALP-H12.040
	Supervisor confirm adequate usability of alarms and alerts
	
	
	

	
	
	CRT-PJ05.03-V2-VALP-H12.050
	The human machine interface does not increase the potential for human error
	
	
	

	HUMAN PERFORMANCE – TRUST
	
	
	

	OBJ-PJ05.02-V3-VALP-H13
	Assess ATCO trust in support systems when providing ATS to multiple aerodromes
	CRT-PJ05.00-V2-VALP-H13.010
	ATCOs’ trust the functionality of the automated task prioritisation
	
	
	

	
	
	CRT-PJ05.00-V2-VALP-H13.020
	ATCOs’ trust the functionality of the conformance monitoring
	
	
	

	
	
	CRT-PJ05.00-V2-VALP-H13.030
	ATCOs’ trust the voice recognition functionality
	
	
	

	
	
	CRT-PJ05.02-V3-VALP-H13-040
	ATCOs’ trust in reliability of alarms and alerts
	COOPANS, FSP, ENAV,
	Each platform had different functionalities to support ATCO with visual feedback.
	OK

	
	
	CRT-PJ05.02-V3-VALP-H13.050
	The human machine interface does not increase the potential for human error
	COOPANS, INDRA, FSP, ENAV
	During the validations it was not detected any potentiality for human error increasing.
Note: One validation had negative results which are bridged by results from other platforms.
	OK

	
	
	CRT-PJ05.02-V3-VALP-H13-060
	ATCO trust the overlaid information 
	COOPANS, INDRA, FSP, ENAV, 
	ATCO trust the overlaid information presented on the VP. It adds heads up time for the ATCOs’. Too much information causes a risk for cluttering. Several functionalities need to be able to switch on and off.
	OK

	
	
	CRT-PJ05.02-V3-VALP-H13-070
	ATCOs’ rate the usability of automatic object tracking as adequate
	COOPANS, FSP, ENAV
	Object tracking was useful for the ATCOs’.
A possibility to turn radar labels on and off was seen as useful
	OK

	
	
	CRT-PJ05.02-V3-VALP-H13-080
	ATCOs’ rate the usability of automatic object bounding as adequate
	COOPANS, FSP, ENAV
	Object bounding was useful for the ATCOs’
	OK

	OBJ-PJ05.03-V2-VALP-H14
	Assess Supervisor trust in support systems when supporting provision of ATS to multiple aerodromes
	CRT-PJ05.03-V2-VALP-H14.010
	Supervisor trust the performance of the technical systems
	
	
	

	SAFETY - GENERAL
	
	
	

	OBJ-PJ05.02-V3-VALP-S01
	Assess whether the levels of safety are maintained or improved under all normal conditions when ATS are remotely provided to multiple airports
	CRT-PJ05.00-V2-VALP-S01.010
	The Safety Acceptance Criteria are satisfied (i.e. no increase of risk with respect to a situation in which ATC services are remotely provided by a controller to a single remote tower). 
Note: A risk assessment is performed.
	COOPANS, INDRA, FSP, ENAV
	ATCOs’ were able to maintain safety during all validations.
	OK

	OBJ-PJ05.02-V3-VALP-S02
	Assess whether the ATS can safely continue to be remotely provided to multiple aerodromes under abnormal conditions.
	CRT-PJ05.02-V3-VALP-S02-010
	The Safety Acceptance Criteria are satisfied. 
Note: A risk assessment is performed.
	COOPANS, INDRA, FSP, ENAV. 
	It was suggested that a split should be available for the aerodromes connected to the MRTM in abnormal situations. Other mitigations could be limiting traffic or closure of one aerodrome.
	Partially OK

	OBJ-PJ05.02-V3-VALP-S03
	Assess whether the ATS can safely be remotely provided to multiple aerodromes during degraded modes of operation 
	CRT-PJ05.02-V3-VALP-S03-010
	The Safety Acceptance Criteria are satisfied. 
Note: A risk assessment is performed.
	COOPANS, FSP, ENAV
	ATCOs’ were able to maintain safety levels providing ATS during degraded mode of operations. 
All partners participated additionally with inputs in a consolidated safety workshop.
Note: a local safety assessment shall be done during deployment.
	OK

	SAFETY 
	
	
	

	OBJ-PJ05.02-V3-VALP-S04
	Assess ATCO capability to provide ATC services in a safe manner to multiple aerodromes under all normal conditions
	CRT-PJ05.02-V3-VALP-S04.010
	ATCO is able to identify and solve potential conflicts in a timely manner:
· In the vicinity of the aerodrome
· In the runway area
·  On the manoeuvring area
	COOPANS, INDRA, FSP, ENAV
	ATCOs’ were able to identify and solve potential conflicts in a timely manner
	OK

	
	
	CRT-PJ05.02-V3-VALP-S04.020
	ATCO is able to identify and solve hazardous situations in a timely manner (e.g.):
· Unstable approaches
· Bird strikes
· Aircraft not vacating RWY as expected
	COOPANS, INDRA, FSP, ENAV
	ATCOs’ were able to identify and solve hazardous situations.
	OK

	
	
	CRT-PJ05.00-V2-VALP-S04.030
	ATCO is able to distinguish with which aircraft, vehicle at which aerodrome the ATCO is communicating with
	COOPANS, INDRA, FSP, ENAV
	ATCOs’ were able to distinguish with which aircraft, vehicle at which aerodrome the ATCO was communicating with.
	OK

	
	
	OBJ-PJ05.02-V3-VALP-S04.040
	ATCO is be able to distinguish with which sector the ATCO is communicating with 
	COOPANS,NDRA, FSP 
	Specific data on communication is presented in each chapter 6.1, 6.2, and 6.3
	OK

	
	
	OBJ-PJ05.02-V3-VALP-S04.050
	ATCO is not inducing more conflicting situations than in the baseline
	COOPANS, INDRA, ENAV
	Results show that traffic levels on 20 movements did not induce more conflict situations than the baseline for 2 simultaneous aerodromes.
15 movements per hour is recommended for 3 simultaneous aerodromes.
	OK

	OBJ-PJ05.02-V3-VALP-S05
	Assess ATCO capability to perform specific procedures related to MRTM capabilities in a safe manner 
	CRT-PJ05.02-V3-VALP-S05.010
	ATCO is able to foresee traffic at his/her MRTM at short term in order to avoid overloads
	COOPANS, INDRA, FSP, ENAV
	ATCOs’ were able to foresee traffic. Specific data and recommendation are available in chapter 6.
	OK

	OBJ-PJ05.02-V3-VALP-S06
	Assess ATCO capability to cope with / manage abnormal situation in a  safe manner
	CRT-PJ05.02-V3-VALP-S06-010
	ATCO is able to identify and manage abnormal situations (e.g.):
· Unknown flight
· Aircraft emergency
· Crash on an airport or its vicinity
· Fire on an airport
· Unplanned closure of an airport

	COOPANS, INDRA, FSP, ENAV
	ATCO was able to identify and manage abnormal situations. Depending on the severity of the emergency situation and the workload resulting from other tasks at the same time, additional supporting staff can be helpful (either handing over aerodromes to the other person, or being supported in co-ordination by other person)
	Partially OK

	OBJ-PJ05.02-V3-VALP-S07
	

Assess ATCO capability to cope with / manage degraded modes and recover from them in a safe manner
	CRT-PJ05.02-V3-VALP-S07-010
	ATCO is able to detect and manage a failure occurring at one of the airports affecting (e.g.):
· Communication
· Visualisation system
· Other airport systems / infrastructure
	COOPANS, FSP, ENAV 
	ATCO was able to detect and manage a failure occurred at one of the airports.
Note: Local mitigations are needed for such events.
	OK

	
	
	CRT-PJ05.02-V3-VALP-S07-020
	ATCO is able to detect and manage a failure occurring in several airport (e.g.):
· Communication
· Visualisation system
· Other airport systems / infrastructure
	FSP
	Handled during workshops.
Note: Several failures will affect capacity and local mitigations are needed.
	Partially OK

	
	
	CRT-PJ05.02-V3-VALP-S07-030
	ATCO is able to detect and manage a failure in the MRTM affecting (e.g.) :
· Communication
· Visualisation system
	COOPANS, ENAV
	This was covered during workshops and has to be considered during deployment.
Each system need a minimum set up of requirements. The overall capacity will be limited in degraded mode
	Partially OK

	OBJ-PJ05.03-V2-VALP-S08
	Assess Supervisor capability to support in abnormal situations in a remote tower centre
	CRT-PJ05.03-V2-VALP-S08.010
	Supervisor is able to identify and manage abnormal situations:
· Crash on an airport or its vicinity
· Fire on an airport
· Unplanned closure of an airport
· ATCO overload in one or more MRTM of the RTC
	
	
	

	OBJ-PJ05.03-V2-VALP-S09
	Assess Supervisor capability to cope with degraded situations and recover from it in a remote tower centre
	CRT-PJ05.03-V2-VALP-S09.010
	Supervisor is able to detect technical failures occurring in one module of the RTC related to:
· Communication
· Visualisation system
· Other systems in the MRTM
	
	
	

	
	
	CRT-PJ05.03-V2-VALP-S09.020
	Supervisor is able to apply corresponding  procedures to recover from degraded situation affecting one module in the RTC 
	
	
	

	
	
	CRT-PJ05.03-V2-VALP-S09.030
	Supervisor is able to detect technical failures occurring in several modules in the RTC related to :
· Communication
· Visualisation system 
· Other systems in the MRTM
	
	
	

	CAPACITY
	
	
	

	OBJ-PJ05.02-V3-VALP-CA1
	Assess capacity constraints when providing ATS to multiple aerodromes
	OBJ-PJ05.02-V3-VALP-CA1.010
	An indication for controller capacity is given (in terms of simultaneous movements, up to 4) when ATS is provided to multiple remote towers
	COOPANS, INDRA, FSP, 
	Some validations had more than 4 simultaneous movements and results showed that ATCOs’ were able to maintain requested capacity levels.
	OK

	COST EFFICIENCY
	
	
	

	OBJ-PJ05.02-V3-VALP-CE1
	Assess the staff required for providing ATS to multiple aerodromes
	OBJ-PJ05.02-V3-VALP-SCE1.010
	ATCO can provide ATS to x number of aerodromes 
	COOPANS, INDRA, FSP, 
	ATCOs’ could keep up with capacity for 2 or 3 aerodromes simultaneously.
· Less than one ATCO per aerodrome
· Flexibility in staffing
· Flexibility in airport/ATS opening hours
Note: Increased traffic during example peak time would need proper mitigations, e.g. split or traffic limitations
	OK


Here the results of the different Validation Exercises should be summarised and consolidated per Validation Objective as per the Validation Plan, following the table below given as an example.
The validation results across several validation exercises for the same validation objective shall be consolidated to provide an analysis at SESAR Solution level. The table shall cover all the Validation Objectives with the corresponding success criteria embedded in all Validation Exercises as per the corresponding Validation Plan.
The project shall assess the results against the success criteria and decide if the Validation objective analysis status is OK, partially OK or NOK:
OK: Validation objective achieves the expectations (exercise results achieve success criteria)
NOK: Validation objective does not achieve the expectations (exercise results do not achieve success criteria).
Partially OK: Validation objective achieves the expectations to a certain extent. The reasons why the validation objective is not fully achieved shall be clearly recorded in Table below
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HUMAN PERFORMANCE – SITUATION AWARENESS
[bookmark: _Toc459880158][bookmark: _Toc462151192]OBJ-PJ05.02-V3-VALP-H02 Results
This section should provide, per SESAR Solution validation objective, a consolidated analysis of all the contributions of the different exercises that addressed the validation objective.
It shall provide a general analysis of the results expanding the summary captured in section 3.1, including rationale of the results, potential deviations with respect to the targets, possible reasons and relationship between the results and the applicable assumptions.
Note: Validation results can be structured by the author considering the specificities of each validation maturity phase e.g. reporting on different objectives within the same sub-section.
OBJ: Assess ATCO situation awareness when providing ATS to multiple aerodromes
CRT-PJ05.02-V3-VALP-H02.010
CRT: ATCOs’ situation awareness is at an acceptable level
ATCOs’ managed to maintain situational awareness for up to 20 movements per hour and partly more than 4 simultaneous movements. Both 2 and 3 simultaneous aerodromes were tested and proven OK. ATCOs’ stated that their situational awareness was at an acceptable level.
CRT-PJ05.02-V3-VALP-H02.020 
CRT: ATCOs’ can prioritise tasks
ATCOs’ could at all time prioritise tasks.
CRT-PJ05.02-V3-VALP-H02.030
CRT: ATCOs’ confirm that the user interface design supports a sufficient level of individual situation awareness
Aerodromes were either presented side by side, on top of each other or as a combination, and all user interfaces supported ATCOs’ in providing their tasks.
One validation showed a need for further development of the platform which is covered by the other validation activities.
CRT-PJ05.02-V3-VALP-H02.040 
CRT: ATCO maintain an adequate level of SA, despite having to divide their attention to several airports with different procedures and characteristics (geographical area, urban infrastructure, weather conditions etc.)
Both similar and different characteristics were tested and proven OK. Geographical differences, weather conditions, etc. did not impact SA. Debriefs showed that a difference in procedures could impact their SA. 

[bookmark: _Toc462921066][bookmark: _Toc463510336]Figure 2: A first figure
HUMAN PERFORMANCE – WORKLOAD
OBJ-PJ05.02-V3-VALP-H04 Results
This section should provide, per SESAR Solution validation objective, a consolidated analysis of all the contributions of the different exercises that addressed the validation objective.
It shall provide a general analysis of the results expanding the summary captured in section 3.1, including rationale of the results, potential deviations with respect to the targets, possible reasons and relationship between the results and the applicable assumptions.
Note: Validation results can be structured by the author considering the specificities of each validation maturity phase e.g. reporting on different objectives within the same sub-section.
OBJ: Assess ATCO workload when providing ATS to multiple aerodromes
CRT-PJ05.02-V3-VALP-H04.010 
CRT: ATCOs’ workload is at an acceptable level
Results show that ATCO workload was at an acceptable level during all validations. Increased traffic levels caused the ATCOs’ to more constantly work on the frequency which could impact fatigue over time. The overall complexity impacts the ATCO workload, e.g. Aerodrome layouts, mix of traffic, mix of procedures. 2 compared to 3 aerodromes impacts workload due to the nature of added need for situational awareness for each added aerodrome.
VFR traffic had a larger impact on ATCO workload than IFR traffic.



Figure 3: A first figure
HUMAN PERFORMANCE – ACCEPTANCE OF OPERATING METHODS / ROLES
OBJ-PJ05.02-V3-VALP-H06 Results
This section should provide, per SESAR Solution validation objective, a consolidated analysis of all the contributions of the different exercises that addressed the validation objective.
It shall provide a general analysis of the results expanding the summary captured in section 3.1, including rationale of the results, potential deviations with respect to the targets, possible reasons and relationship between the results and the applicable assumptions.
Note: Validation results can be structured by the author considering the specificities of each validation maturity phase e.g. reporting on different objectives within the same sub-section.
OBJ: Assess ATCOs’ acceptance of operating methods when providing ATS to multiple aerodromes
CRT-PJ05.02-V3-VALP-H06.010 
CRT: ATCOs’ can apply operating methods in an accurate, efficient and timely manner
Working with more than one aerodrome adds a benefit with harmonised operating methods. Procedures need to be defined at a local level. ATCOs’ could apply the simulated methods which were partly harmonised on a local level.
OBJ-PJ05.02-V3-VALP-H07 Results
OBJ: Assess ATCO acceptance of roles and responsibilities when providing ATS to multiple aerodromes
CRT-PJ05.02-V3-VALP-H07.010 
CRT: Changes to ATCOs’ roles and responsibilities introduced by the remote tower concept are clear, consistent, stable and acceptable.
There are no new roles or changes to the roles in a Multiple Remote Tower environment. Responsibilities need to be defined at a local level
OBJ-PJ05.02-V3-VALP-H08 Results
OBJ: Assess usage of the ATCO phraseology 
CRT-PJ05.02-V3-VALP-H08.010
 CRT: The phraseology is acceptable for the ATCO
The phraseology was acceptable during the validations. Airport designator was used when coupled frequencies were used with positive results in debriefs. Unique identifier for the runways similar to airports with parallel runways was used by adding RWY and airport name in the communication. It was not seen as beneficial to use the word “remote” in any phraseology or in other ways indicate the remote control.
The usage of airport designator in calls was shown as a must when same RWY directions are used at two airports. One validation did not have the same RWY directions. It showed it possible to manage without airport designator in every call.
Note: Debriefs and workshops showed that information about Multiple Remote controlled airports could be presented in the AIP

Figure 4: A first figure
HUMAN PERFORMANCE – USABILITY and UTILITY
OBJ-PJ05.02-V3-VALP-H11 Results
This section should provide, per SESAR Solution validation objective, a consolidated analysis of all the contributions of the different exercises that addressed the validation objective.
It shall provide a general analysis of the results expanding the summary captured in section 3.1, including rationale of the results, potential deviations with respect to the targets, possible reasons and relationship between the results and the applicable assumptions.
Note: Validation results can be structured by the author considering the specificities of each validation maturity phase e.g. reporting on different objectives within the same sub-section.
OBJ: Assess usability and utility of ATCO human machine interface when providing ATS to multiple aerodromes
CRT-PJ05.02-V3-VALP-H11.010 
CRT: ATCOs’ have all required information available
ATCOs’ had all required information available. It is important to have all information accessible quickly and simple without having to search for the information. There is a risk of cluttering of information wherefore a balance of overlays are needed.
CRT-PJ05.02-V3-VALP-H11.020 
CRT: ATCOs’ confirm adequate usability of input devices
Results show that the number and type of input devices should be as few as possible. Input devices have to be intuitive and easy to use.
CRT-PJ05.02-V3-VALP-H11.030
CRT: ATCOs’ confirm adequate usability of ATS-systems
CRT-PJ05.02-V3-VALP-H11.040 
CRT: ATCOs’ confirm adequate usability of alarms and alerts
Alarms and alerts have to be further investigated in a more mature platform. Only one of the validations had the functionality available.
CRT-PJ05.02-V3-VALP-H11.050 
CRT: The human machine interface does not increase the potential for human error
Almost all validations had positive results on human machine interface. The amount of tools and features might add a risk that ATCOs’ focus in the wrong areas of the entire CWP.
CRT-PJ05.00-V2-VALP-H11.060
CRT: ATCOs’ confirm adequate usability of PTZ
The PTZ has to be easily managed. Automatic tracking was seen as positive together with prefixed locations for hot spots. Manual steering of the PTZ need a proper interface to limit ATCO inputs in usage.
CRT-PJ05.00-V2-VALP-H11.080
CRT: ATCOs’ confirm adequate usability and trust of PTZ automatic tracking
Automatic tracking for the PTZ is useful although important to have an accurate system. It could support ATCOs’ while tracking an arriving aircraft with e.g. malfunction.


Figure 5: A first figure
HUMAN PERFORMANCE – TRUST
OBJ-PJ05.02-V3-VALP-H13 Results
This section should provide, per SESAR Solution validation objective, a consolidated analysis of all the contributions of the different exercises that addressed the validation objective.
It shall provide a general analysis of the results expanding the summary captured in section 3.1, including rationale of the results, potential deviations with respect to the targets, possible reasons and relationship between the results and the applicable assumptions.
Note: Validation results can be structured by the author considering the specificities of each validation maturity phase e.g. reporting on different objectives within the same sub-section.
OBJ: Assess ATCO trust in support systems when providing ATS to multiple aerodromes
CRT-PJ05.02-V3-VALP-H13.040 
CRT: ATCOs’ trust in reliability of alarms and alerts
Alarms were partly covered with a simulated alarm button.
CRT-PJ05.02-V3-VALP-H13.050
CRT: The human machine interface does not increase the potential for human error
CRT-PJ05.02-V3-VALP-H13.060 
CRT: ATCO trust the overlaid information
All validations had a MET information, wind, QNH, etc. as overlaid information even though presented differently for the ATCOs’. All results show that wind indication presented on the VP at the runway in use supported ATCOs’ performing their tasks. Some validations had wind presented at both runway ends which was appreciated (adds support in case of wind shear). Wind was both presented as digital and as a wind rose, both worked.
Information presented as overlays on the VP add heads up time for the ATCOs’ at the same time as to much information causes a risk for cluttered of information. This was avoided with applying on select or deselect mode depending on ATCOs’ needs for overlaid information.
Some of the overlaid information that presented was UTC-clock, ATIS information, airport designator and airport name, RWY and TWY designators, MET report, labels. Voice Com Systems was enhanced with visual information on the VP of frequency occupancy.
CRT-PJ05.02-V3-VALP-H13.070 
CRT: ATCOs’ rate the usability of automatic object tracking as adequate
Some validations had labels tracking the objects on the VP based on data from the surveillance and flight plan data system. It has a possibility to support situational awareness if the tracking is accurate. A possibility to turn tracking on and off is important not to risk cluttering of the VP and labels hiding important information. It was mentioned that it would be fruitful to have it available for all airports under the ATCO control.
CRT-PJ05.02-V3-VALP-H13.080 
CRT: ATCOs’ rate the usability of automatic object bounding as adequate
This feature has been used by the ATCOs’ to identify aircrafts on long distances and in poor visibility conditions as well to identify vehicles at the aerodromes. This is particular important when working on multiple environment and when ATCOs’ have to concentrate on several simultaneous movements. As radar tracks, object bounding was optional for the ATCOs’, at certain aerodrome or both.
During debrief session ATCOs’ stated that this feature could be very helpful at the aerodromes with higher traffic level but it should be taken into consideration the fact that this can cause bounding of many moving objects, which are not of interest for the ATCOs’ e.g. moving cars at the aerodrome parking etc. During deployment this risk has to be avoided.
SAFETY – GENERAL
OBJ-PJ05.02-V3-VALP-S01 Results
This section should provide, per SESAR Solution validation objective, a consolidated analysis of all the contributions of the different exercises that addressed the validation objective.
It shall provide a general analysis of the results expanding the summary captured in section 3.1, including rationale of the results, potential deviations with respect to the targets, possible reasons and relationship between the results and the applicable assumptions.
Note: Validation results can be structured by the author considering the specificities of each validation maturity phase e.g. reporting on different objectives within the same sub-section.
OBJ: Assess whether the levels of safety are maintained or improved under all normal conditions when ATS are remotely provided to multiple airports
CRT-PJ05.02-V3-VALP-S01.010 
CRT: Levels of safety under all normal conditions
Not safety critical situations have been reported during the validations. Hence ATCOs’ were able to maintain safety when ATS are remotely provided to multiple aerodromes under all normal conditions.  Traffic volume and complexity as well as aerodrome complexity (e.g. layout) have to be taken into consideration in order ATCOs’ to feel confident during providing ATS to multiple aerodromes.
 It is more likely that capacity is affected as ATCOs’ keep aircrafts on ground or extends arriving aircraft to keep a continuous safe service.
SAF/HP WORKSHOP Conclusion: ATCOs’ were able to perform most tasks with the same level of safety as they would in a Single Remote Tower. Depending on the workload, ATCOs’ might need to prioritise tasks between ADs. In some cases an additional person may support these tasks in order to maintain capacity (e.g. in coordination, weather and runway conditions check-ups, etc.).
OBJ-PJ05.02-V3-VALP-S02 Results
OBJ: Assess whether ATS can safely continue to be remotely provided under external abnormal conditions
CRT-PJ05.02-V3-VALP-S02.010 
CRT: Provision of ATS under external abnormal conditions
In order to cope with ATS under external abnormal conditions a couple of solutions were proposed by ATCOs’: split to another MRTM, support from spare ATCO if available, and at least traffic stop on non-affected aerodrome. 
A bird strike caused an aircraft engine failure during COOPANS validation.
ENAV had tested two separate emergency situations, landing gear failure and RWY incursion by aerodrome vehicle. The result of both was missed approach, while at the first situation aircraft had provided an emergency landing at the second attempt. 
Splitting aerodromes will minimise the risk of frequency jam or capacity constraints at the non-affected aerodrome/s.
SAF/HP WORKSHOP Conclusion: The validation exercises in V3 further showed that abnormal situations were dealt with by ATCOs’ in a similar manner as in SRT - with the added workload of monitoring in other aerodromes while dealing with the situation. Checklists for emergency situations exist today and they would need to be adapted in order to account for the added complexity of having 2 or 3 aerodromes in the same MRTM. Every specific situation would demand a different kind of management, as well as the traffic, the cluster of aerodromes and the module capabilities. This is to be further defined at local implementation level
1.1.1.1 OBJ-PJ05.02-V3-VALP-S03 Results
Idem as per OBJ-XXb.YY-Vv-VALP-001
OBJ: Assess whether ATS can safely be remotely provided during degraded modes of operation
In order to achieve better understanding related to safety issues caused by these modes of operations, additionally safety workshop between all partners have been conducted.

CRT-PJ05.02-V3-VALP-S03.010
CRT: Provision of ATS during degraded modes
During COOPANS validation a two different types of degraded modes have been tested during two separated runs: radar loss at one of the aerodromes, and a camera failure. ATCOs’ did not reflect any considering issues testing these occasions. An increased need for communication with impacted traffic at both aerodromes was identified, that could lead to increased ATCOs’ workload. However the system equipment e.g. VP, EFS, independent PTZ camera, allowed them to safely cope with degraded modes and mitigate undesired consequences from these. 
In order safe ATS to be achieved, there is a need for some particular requirements to be defined at certain aerodromes. In order to cope with specific safety requirements, during V4-V5 phase a local safety assessment should be conducted. 
SAF/HP WORKSHOP Conclusion: Only certain degraded modes of operations have been tested during the validations. Discussions with ATCOs’ and safety experts suggest that the specific needs for contingency and mitigations for all the possible degraded modes can be validated in V4/V5 and during local implementation. The discussions were fruitful in that they presented different options for delaying and/or terminating traffic in one or several aerodromes but a full analysis to assess the minimum equipment level that would be needed to keep providing service shall be performed before implementation.

1.1.2 SAFETY
OBJ-PJ05.02-V3-VALP-S04 Results
This section should provide, per SESAR Solution validation objective, a consolidated analysis of all the contributions of the different exercises that addressed the validation objective.
It shall provide a general analysis of the results expanding the summary captured in section 3.1, including rationale of the results, potential deviations with respect to the targets, possible reasons and relationship between the results and the applicable assumptions.
Note: Validation results can be structured by the author considering the specificities of each validation maturity phase e.g. reporting on different objectives within the same sub-section.
OBJ: Assess ATCO capability to provide ATC services in a safe manner to multiple aerodromes under all normal conditions
CRT-PJ05.02-V3-VALP-S04.010
CRT:  ATCO capability to identify and solve potential conflicts
Questionnaires show that ATCOs’ were able to solve potential conflicts in a timely manner. Location of camera towers and the presented view of each aerodrome impact ATCO capability to have an overview of the vicinity of the aerodrome and the area close to the manoeuvring area. ATCO need a good view to support them in conflict solving or support from e.g. radar or hot spot cameras.
SAF/HP WORKSHOP Conclusion: ATCOs’ are able to maintain safety while detecting and managing conflicts. The only difference with respect to SRT discussed with ATCOs’ was that the monitoring of all aerodromes at all times is not feasible and depending on the complexity of the traffic this might contribute to ATCOs’ workload. As the ATCO cannot constantly monitor all the AD, an automated (or even AI) system could do it in their place. This should be part of the training as well, as the ATCO would need to change their tasks and ‘accept’ that they cannot monitor constantly. This has been part of the discussions but would need to be further investigated prior to implementation.
CRT-PJ05.02-V3-VALP-S04.020  
CRT: ATCO capability to identify and solve hazardous situations
ATCOs’ were able to identify and solve hazardous situations in the traffic conditions experienced during the simulations. Not any safety-critical situations had been identified due to hazardous situations.
SAF/HP WORKSHOP Conclusion: Supporting tools to identify hazardous situations, e.g. runway incursions, could be helpful to the ATCO. The panorama views don’t always allow to see certain things if they are too small.
CRT-PJ05.02-V3-VALP-S04.030
CRT: ATCO capability to distinguish communication with A/C and vehicles from different ADs
Some validations had added support by visual indication on the VP and the electronic flight strip system highlighting which airport and also which frequency a transmission came from. It was seen as a support when distinguishing from which airport a transmission came.
Each exercise presented different communication means (coupled/decoupled frequencies, etc.). In broad terms, it was easy to distinguish to which AD the aircraft or vehicle was referring to. Additional phraseology to introduce the name of each AD in the instructions has already been suggested. Squelch indication and adapted phraseology are considered important for maintaining SA. Overall the ATCOs’ were aware of the movements and there was no confusion in communication.
SAF/HP WORKSHOP Conclusion: ATCOs’ had no apparent issues in distinguishing the caller and the aerodrome they were calling from. Different validation platforms had different ways to support the ATCO (colours, sound, highlights, etc.), which were nice to have. Frequencies were coupled for all aircraft. For vehicles, they agree that they should be separate for each aerodrome. A functionality inspired in the military, the push-to-talk, is desirable by ATCOs’ in order for vehicles not to congest the frequency. ATCOs’ can then deal with the vehicle communication once it is suitable for them.
CRT-PJ05.02-V3-VALP-S04.040  
CRT: ATCO capability to distinguish communication with sectors from different ADs
No critical safety issues have been identified related to this criteria. Communication with approach sector has been simulated in the validations. The technical implementation was very similar to the MET and DAM communication (telephone buttons on the flight strip system).
ATCOs’ were capable to distinguish with which sector they communicated with.
SAF/HP WORKSHOP Conclusion: This specific criteria has been considered unnecessary by the Solution team as the ATCO shall contact the sector by their own initiative. This means that they would need to have a clear indication of the phone number of each sector in order to distinguishing them – but this is hardly a technological requirement as it could be simple piece of paper and the training necessary would be limited if at all. We are therefore closing this validation criteria as N/A if agreed by the SJU, but could be marked as fully covered as we do not see any safety issue related to this.
CRT-PJ05.02-V3-VALP-S04.050
CRT: ATCO capability to avoid inducing conflicts
Results show that traffic level on 20 movements did not induce more conflict situations than the baseline. Nevertheless, the safety questionnaire showed that the ATCOs’ felt less capable to perform their ATC tasks than in SRT in case of increased traffic. It should be take into consideration that during conflict or hazardous situation in one AD could potentially make the ATCO neglect the other AD and they could miss a new conflict.
SAF/HP WORKSHOP Conclusion: According to ATCOs’ self-reporting, results from validation exercises and expert judgement, there is nothing suggesting that ATCOs’ induce conflicting situations in the MRTM setting more than they would in a SRT. As covered by previous CRT-PJ05.02-V3-VALP-S04.010, they would feel more reassured if they could rely on some tool as a safety net, in order to be alerted if there was a conflicting situation that they missed. They did not induce more conflicts than in SRT and traffic was manageable.
1.1.2.1 OBJ-PJ05.02-V3-VALP-S05 Results
OBJ: Assess ATCO capability to perform specific procedures related to MRTM capabilities in a safe manner
CRT-PJ05.02-V3-VALP-S05.010 
CRT: ATCO capability to foresee traffic at short term
ATCOs’ were able to foresee traffic. Tools used were radar data, the electronic flight strips, planning tool. A short term planning tool did allow ATCOs’ a graphical presentation of all expected traffic helping them to create a mental picture about upcoming traffic. Non-scheduled VFR traffic has an impact as they are more difficult to foresee.
SAF/HP WORKSHOP Conclusion: ATCOs’ were ahead of traffic and were able to monitor and manage movements even in simultaneous operations. When traffic was too high they felt that communication took a big part of their time and focus. Without being able to split or be supported by an additional ATCO, it was suggested that additional features maximising silent communication would help. A planning tool also helped them during some validation exercises to organise traffic ahead and slow it down if necessary
1.1.2.2 OBJ-PJ05.02-V3-VALP-S06 Results
OBJ: Assess ATCO capability to cope with / manage abnormal situation in a safe manner
CRT-PJ05.02-V3-VALP-S06.010  
CRT: Management of abnormal conditions
Emergency landing, possible conflict with helicopter operating near the aerodrome and unplanned runway closure have been tested in order to provide feedback on this criteria. Main conclusion is that ATCOs’ could manage abnormal situations. 
Overall conclusion can be considered as positive covering on this criteria depending on traffic volume, traffic and aerodrome complexity, increased communication load. To mitigate a negative impact on ATCOs’ management of abnormal conditions, the following proposals have been achieved:
· Split of non-affected aerodromes to other MRTM in reasonable time
· Support from spare ATCO or assistant in order to support communication and coordination loads
· Traffic suspension/termination at non-affected aerodrome
· Standardized procedures at each aerodromes
Further investigation considering the type and nature of abnormal situation is needed to be conduct locally, for this subject. 
SAF/HP WORKSHOP Conclusion: During the abnormal situations discussed at the workshop, and simulated in some cases as part of the validation exercises, one mitigation was to have a support ATCO/supervisor/other personnel to assist with the situation. The time needed to do a split is to be taken into account as during the split one cannot manage the abnormal situation. In the case of splitting 2 other aerodromes this would be even more cumbersome. ATCOs’ reported that in case of an emergency they prefer to keep the aerodrome with the emergency at their charge and transfer the other/s. In some cases a situation is so unexpected that the ATCO doesn’t even have time to split. The ATCO has to manage the situation with all the ADs: this reinforces the idea that when providing multiple remote tower service traffic has to be managed in a more conservative way in order to be able to cope with these unexpected situations.
OBJ-PJ05.02-V3-VALP-S07 Results
OBJ: Assess ATCO capability to cope with / manage degraded modes and recover from them in a safe manner
There are various degraded modes of operations that can be occurred during providing ATS in real time. Due to nature of RTS a limited number of runs could be conducted, hence just a few degraded modes of operations could be tested. 

CRT-PJ05.02-V3-VALP-S07.010
CRT: ATCO is able to detect and recover from a failure occurring at one of the airports
Tested degraded modes was manageable for the ATCOs’. ASD loss and camera failure were tested during RTS while PTZ and panoramic screen went down during Passive Shadow Mode, causing a black display for a minute. Depending on situational complexity a few solutions could be taken into account for resolving the issue: split of the airports to another MRTM, support by the spare ATCO, and at least traffic stop at one of the airports.
ATCOs’ could detect a failure occurring at one of the airports. Applying one of the solutions mentioned above or system tools and equipment, seems as reasonable for recovering from degraded situations. 
CRT-PJ05.02-V3-VALP-S07.020
CRT: ATCO is able to detect and recover from a failure occurring in several airports
The Passive Shadow Mode trials enabled to assess the impact of degraded mode concerning either one aerodrome or two aerodromes. Radar information was not complete in LHDC (no information about VFRs) and at LHPA. According to the results the temporary degradation of the video image did not impact service provision significantly as voice communication provided support to maintain SA. The degradation of two radar displays led to negative feedback, however, the e-strips and the voice communication have accounted for the weakness. 
CRT-PJ05.02-V3-VALP-S07.030
CRT: ATCO is able to detect and recover from a failure in the MRTM
ATCOs’ could partially detect and avoid a failure in the MRTM. Replacing a failure camera with independent PTZ camera helped to achieve results on this criteria. Nevertheless specific testing and mitigations has to be performed locally during deployment phase. 
SAF/HP WORKSHOP Conclusion on OBJ-PJ05.02-V3-VALP-S07 with respective success criteria: Discussions were extensive on the tools/services that the ATCO absolutely needs in order to perform their tasks. However, we do not have a conclusive list of the minimum services, which would be needed in order to implement this solution. The degraded situations present different outcomes depending if there are 2 or 3 aerodromes, and specific solutions needs to be implemented locally.


CAPACITY
OBJ-PJ05.02-V3-VALP-CA1 Results
This section should provide, per SESAR Solution validation objective, a consolidated analysis of all the contributions of the different exercises that addressed the validation objective.
It shall provide a general analysis of the results expanding the summary captured in section 3.1, including rationale of the results, potential deviations with respect to the targets, possible reasons and relationship between the results and the applicable assumptions.
Note: Validation results can be structured by the author considering the specificities of each validation maturity phase e.g. reporting on different objectives within the same sub-section.
OBJ: Assess capacity constraints when providing ATS to multiple aerodromes
CRT-PJ05.02-V3-VALP-CA1.010 
CRT: Assess capacity constraints when providing ATS to multiple aerodromes
Validations focused on 4 to 6 simultaneous movements and results showed that ATCOs’ were able to maintain requested capacity levels. Depending on specific situations and how ATCOs’ dealt with traffic during the runs the number of simultaneous movements was different in the same scenario.
Aerodrome layout, traffic mix or increased numbers of VFR and vehicles could impact the capacity.
Note: During some scenarios up to 7-9 movements occurred which was concluded to be out of scope for the targeted environments.

Figure 6: A first figure
COST EFFICIENCY
OBJ-PJ05.02-V3-VALP-CE1 Results
This section should provide, per SESAR Solution validation objective, a consolidated analysis of all the contributions of the different exercises that addressed the validation objective.
It shall provide a general analysis of the results expanding the summary captured in section 3.1, including rationale of the results, potential deviations with respect to the targets, possible reasons and relationship between the results and the applicable assumptions.
Note: Validation results can be structured by the author considering the specificities of each validation maturity phase e.g. reporting on different objectives within the same sub-section.
OBJ: Assess the staff required for providing ATS to multiple aerodromes
CRT-PJ05.02-V3-VALP-CE1.010
CRT: ATCO can provide ATS to three aerodromes at a time
Cost efficiency is linked to capacity and as long as the ATCOs’ are able to keep up with requested capacity at the aerodromes in multiple mode efficiency can be increased. Several areas impact ATCOs’ ability to cope with 2 or 3 aerodromes simultaneously which are presented in the specific validation reports in chapter 6. ATCOs’ could keep up with capacity for 2 or 3 simultaneous aerodromes. 
· Less than one ATCO per aerodrome performing ATC is more cost efficient than one ATCO per aerodrome
· Flexible staffing has a direct impact on cost through optimized staff allocation 
· Flexible opening hours for airports/ATS could give immediate benefits for airport owners

[bookmark: _Toc459880160][bookmark: _Toc462151194][bookmark: _Toc524097827][bookmark: _Toc22829101]Confidence in Validation Results
[bookmark: _Limitations_of_Validation][bookmark: _Toc458437737][bookmark: _Toc459880161][bookmark: _Toc462151195]Limitations of Validation Results
The VALR shall explain to what extent the obtained validation results at SESAR Solution level can be extrapolated to a higher level e.g. to those operational environments in Europe that are associated to the corresponding sub-operating environments linked to the SESAR Solution.
This section shall capture any potential limitation impacting the significance of the results obtained in the validation exercises e.g. not sufficient controllers participating in the validation exercises, simplified environment, non-nominal conditions not considered, etc..
Assumptions made in section 3.2.3 may have an impact on the significance of the validation results.
Four different validations where run as Real Time Simulations ensuring perfect conditions on Voice Service and Surveillance. In order to assess results at real multiple environments additionally a Passive Shadow Mode have been performed too. 
Due to a nature of performed trials, RTS and PSM, limited number of runs with limited number of ATCOs’ participation were possible to conduct. Additional training time could increase ATCOs’ confident with the system tools and system equipment as well with the operational procedures. Nevertheless during this V3 maturity level more realistic but still simplified methods and operational procedures have been applied compared to previous V2. Degraded modes of operation and abnormal situations have been tested too in order to assess ATCOs’ behaviour and system capabilities.
Single Remote Tower is only installed in two countries and the availability of ATCOs’ with experience from Single Remote Towers is limited. Multiple Remote Tower is not installed at any place which should be interpreted in the results.
It is assumed that an ATCO can hold up to three endorsements based on knowledge from conventional towers situated at different locations, these towers most often have a large variety of equipment. Sundsvall RTC with three connected aerodromes all with operational approval has showed that three endorsements can be kept with a minimum requirement of hours for each aerodrome lower than the total needed for the RTM. Not all ATCOs’ participating in the validations have a local endorsement at any of the aerodromes in the validations.
Not all ATCOs’ had endorsements on the validated airports wherefore methods and procedures where simplified.
Although the quality of results depends on many parameters such: traffic levels, traffic complexity, traffic modes, aerodrome layout, number of aerodromes to which ATS were provided, however the achieved results related to HP and safety requirements could be considered as realistic and mature enough.
[bookmark: _Toc459880162][bookmark: _Toc462151196]Quality of Validation Results
The exercise results are based on ATCOs’ subjective opinions and have been collected by means of questionnaires and documented workshops. Questionnaires were filled in by the participants following each validation run and final end of the week questionnaires. Data collection and analysis were adequately monitored and are considered to be of good quality. 
Due to ATCOs’ participants sample for the validations was limited, thus a wide generalization of the results should be excluded and additionally local circumstances have to be considered and adequately analysed.
This section describes all issues concerning the quality of the results achieved in the different Validation Exercises. In that regard quality could refer to both the accuracy of results and the confidence in the results, which might be influenced by decisions, constraints, and assumptions made at exercise level.  
· All technical endorsements and features work perfect due to the simulated traffic and scenarios.
· There are no birds in the vicinity of the aerodrome
· There were a few pseudo pilots for each run controlling both air and ground traffic. Time spent on frequency, double transmission and the quality of voice com were affected.
· Different validation platforms have different capability to recreate weather and light conditions. Limitations on simulation platforms are most common during dusk and dawn and during weather changes. The goal to validate different conditions is still valid as the main characteristics are represented: day and sunset/dark, IMC and VMC, different wind.
· It is, during Real Time simulations, possible to recreate scenarios in different conditions. That makes it possible to measure the different aspects related to Human Performance and Safety which are the main objectives.
· Real time simulations create a possibility to modify traffic numbers for the aerodromes in focus to ensure that traffic levels are reached within each validation.
· One out of four validation platforms have built the concept directly on the same set up from SDM-0205, Multiple Remote Tower for two low density aerodromes for a V3 trial. This time enhanced with further features to enable more traffic (up to 20 movements per hour). Results depend on maturity of each platform compared to earlier tests.

[bookmark: _Toc459880163][bookmark: _Toc462151197]Significance of Validation Results
Significance of the results refers to statistical and operational significance. Statistical significance will be based for example on the number of independent variables of the different Validation Exercises and the number of exercise runs carried out. Operational significance concerns operational realism of the different Validation Exercises which depends on a number of factors which are very much dependent on the chosen environment.
Statistical significance is dependent on number of runs and participants during each trial. All four validations exercises in total add to relevance of the Validation Results.
The aim to validate the concept of Multiple Remote Tower for two small and three other operating environment aerodromes with up to 20 movements per hour in total for the connected aerodromes was possible. Indications on the tools and features used at the different sites provide results on requirements needed for Multiple Remote Towers.
2 validations were performed on V3 mature IBP platforms replicating a deployable system. 2 validations were run on prototype platforms extended with one Shadow Mode trial. The significance of results is mirrored to the V3 development level. All tools and features were developed to a level were tuning towards deployable solutions are met. Some parts of the technical part were more mature such as 3D presentation on screens and aircraft behaviour as well as system integration and all systems available.
Common workshops with participants from each validation exercise were performed related to Human Performance and Safety, These workshops was conducted after all the validations providing more significant results on parts not possible to cover in simulations. These will also bridge the differences between the different validation platforms.
Results from questionnaires present positive results while information gathered in debriefs and quotes from the participants present needed development to reach the next step of Multiple Remote Towers which are presented as recommendations for next step.

[bookmark: _Toc459880164][bookmark: _Toc462151198][bookmark: _Ref488404626][bookmark: _Toc22829102]Conclusions and recommendations
[bookmark: _Toc459880165][bookmark: _Toc462151199][bookmark: _Toc22829103]Conclusions
This section gives a summary of the conclusions raised by the synthesis of the different Validation exercises analysis. It argues and prepares the recommendations.
In particular, there should be clear conclusions regarding the achieved maturity level of the SESAR Solution after the validation exercises covered in this VALR.
The sub-sections below are indicative and the project can add additional ones if required depending on the SESAR Solution maturity level.
This section gives a summary of the conclusions raised by the synthesis of the different Validation exercises analysis. It argues and prepares the recommendations.
In particular, there should be clear conclusions regarding the achieved maturity level of the SESAR Solution after the validation exercises covered in this VALR.
The sub-sections below are indicative and the project can add additional ones if required depending on the SESAR Solution maturity level.
[bookmark: _Toc459880166][bookmark: _Toc462151200]Conclusions on SESAR Solution maturity

This section shall capture the project conclusions regarding the achieved maturity level at the end of all the validation exercises covered in this VALR. These conclusions must be transcribed into the Executive Summary.
The SESAR Solution Maturity Assessment shall be provided in Appendix C updated based on the results of the validation activities results captured in this document.
To achieve V3 maturity level, four different validations were conducted. Two validations tested provision of ATS to two aerodromes simultaneously while the other two validations tested provision of ATS to three aerodromes simultaneously. A shadow mode trial was performed to support results achieved during validations.
All validations in total have proven that Multiple Remote Tower Module for 2 small environment airports, or 3 other environment airports, is possible with maintained levels of safety and capacity. The conclusion is that a V3 maturity level is reached for PJ.05 solution 02.
Conclusions on concept clarification
This section shall capture all conclusions related to concept clarification and operational feasibility of the SESAR Solution.
The conclusion refers to the tested Multiple Remote Tower concept where a single controller operates more than one aerodrome. In this case for two small category or three other category aerodromes to V3 level. Conclusions found during the V3 validations have developed requirements for a Multiple Remote Tower Module:
Workload: 
· Aerodrome layout complexity affects workload and should be considered while pairing two or three aerodromes in multiple modes.
· System support from support tools e.g. Electronic Flight Strips system reduces coordination need between ATCO and other sectors and thus reduces ATCO workload. Such system enables silent coordination. 
Visual Presentation:
· Between 180 and 330 degrees were presented during the validations and was sufficient to provide ATS to multiple aerodromes. A concern of the Remote Tower Technology is the possibility to observe and judge weather which has to be dealt with at each deployment depending on local circumstances.
· Pan functionality to access the remaining part of the CTR could be one solution, other ways to deal with movements in the non-visual area are possible, e.g. usage of PTZ, procedures, radar coverage.
Phraseology:
· Adding the airport name in communications on the frequency showed to be supportive for the ATCOs’ and is also supposed to add situation awareness for pilots.
· Three validations used the airport name in all critical communication with aircraft and vehicles, such as landing, and take off clearance. One validation used the term remote in first call. Expert judgements have shown that airport name in critical clearances enables Remote Tower Service for two airports with the same RWY directions from one MRTM. Phraseology need to be strict when more traffic is to be handled from one ATCO.

Following parameters was tested during the validations with focus on the concept and operational findings:

Further conclusions based on these parameters are:
· Traffic complexity with mixed traffic increases workload e.g. increased VFR, combination of IFR and VFR simultaneously and might force the ATCO to hold traffic on ground or keeping traffic outside of CTR. Depending on the expected local traffic figures, a suggestion for deployment is PPR, Prior Permission Required on VFR traffic. 
· Individual aspects at each aerodrome, e.g. backtrack operations at individual aerodromes might also increase workload. Distribution of traffic is more related to capacity based on airport layout, e.g. parallel taxiway or single centred taxiway.
· ATCOs’ were able to deal with normal and abnormal modes of operation. Abnormal situations in more challenging situations caused request for split or similar, e.g. support from back up, to enable focus on the abnormal situation.
· Different RWY conditions were possible, e.g. light rain.
· RWY directions did not impact the ATCOs’ capability to handle traffic. A change of runway direction was tested 
· A difference in wind or visibility conditions as well as wind shear was proven possible during the validations. Those results were also applicable for difference in daylight. Darkness was more complicated, e.g. due to light pollution or PTZ focusing issues. Possible limitations need to be considered at a local level. 

[bookmark: _Toc459880167][bookmark: _Toc462151201]Conclusions on technical feasibility
This section shall capture all conclusions related to technical feasibility of the SESAR Solution.
The image below present the HMI used for 2 small environment airports where each airport was presented side by side. 3 other environment airport validations used 2 different layouts where either on top of each other or a mix of on top and side by side was used. All layouts are presented in detail in chapter 6.
[image: ]
[bookmark: _Toc22828954]Figure 7 Side by side, on top of each other or a combination of both, this solution had A below, B and C above

· Systems integrated in the CWP reduced the number of areas to work with. There is a balance between integration of information and risk of cluttering which has to be considered.
· A limited amount of input devices for all systems is appreciated. Maximum amount of two was used.
· Side by side, on top of each other or combination of both presentations were considered as a possible way to present the aerodrome view.
· E-strips are required for the MRTM to minimize manual input.
· E-strip integrated for aerodromes supported ATCOs’ situational awareness and facilitated inputs.
· Air Situation Display, radar, was used in all validations.
· Air Situation Display is required for MRTM in order to reach targeted traffic volume. Planning tool has a possibility to support the ATCOs’ capability to foresee traffic.
· ATCO planning tool is required to foresee the amount of traffic. The minimum input to the planning tool is traffic on flight plan. Optional information is workload.
· Automatic PTZ was useful even though not a must. The pre-set locations for the PTZ were more useful.
[bookmark: _Toc459880168][bookmark: _Toc462151202]Conclusions on performance assessments
The aim with these validations was to provide simultaneous ATS with maintained requested level of capacity for other and small operating environment classified aerodromes. A safe service is a must wherefore safety was the key area to measure in questionnaires. 
Capacity could be maintained during the validations indicating that one ATCO controlling each aerodrome can in Multiple mode be replaced by one ATCO controlling up to three simultaneous aerodromes.
Conclusions related to Human Performance, Safety, Capacity and Cost Efficiency are described in detail in section 4.2.
Following conclusions summarises the results on ATCO performance in the validations.
Conclusions regarding the performance results per KPA and Transversal areas: Capacity, efficiency, predictability, safety, security and other KPAs and how they meet the Validation Targets defined per SESAR Solution
· 20 movements per hour is possible for 2 ADs in category small environment airports paired in a MRTM
· 15 movements per hour is possible for 3 ADs in category other environment airports paired in a MRTM
· Even more traffic occurred in some scenarios. Increased workload can occur due to other reasons. Examples to mitigate a high workload due to different situations are;
· Split of one or more aerodromes
· Support from back up staff
· Delay traffic, e.g. hold traffic on ground or VFR outside CTR
· Temporary traffic termination at one of the aerodromes 
· Closure of an airport as last option.
Performance assessment is further described in PAR document. Figure below illustrates the calculation based on ATCOs from Single Remote Tower as baseline. This including spare ATCOs for the solution PJ.05.02 in the middle, extended with next step PJ.05.03 in the last part of the figure.
[image: ]
[bookmark: _Toc13582502][bookmark: _Toc13656740]Figure 8: Assumptions on ATCO number improvements
PJ.05.02 has the aim to increase efficiency per ATCO by introducing Multiple Remote Tower for aerodromes with larger amounts of traffic than in SESAR 1 and SDM-0205. The impact will be that more aerodromes can be paired with others during longer periods per day. This while maintaining safety and human performance levels.
[bookmark: _Toc459880170][bookmark: _Toc462151204][bookmark: _Toc524097830][bookmark: _Toc22829104]Recommendations
This section contains recommendations for next maturity phases or close out of V3, and then to industrialization and deployment phases. Recommendations are especially expected in case one or more validation exercises/objectives were unsatisfactory or in case of deviations from the planning.
The sub-sections below are indicative and the project can add additional ones if required depending on the SESAR Solution maturity level.
[bookmark: _Toc459880171][bookmark: _Toc462151205]Recommendations for next phase
Possible recommendations could include:
changes to the concept, update of the VALS and the Validation targets;
the modification of requirements, validation objectives, validation scenario or validation exercises and repetition or continuation of some validation exercises;
identification and/or updates the possible relationships with other groups of projects and planning issues at programme level;
feedback from exercises within a V phase to the validation exercises to be performed by the project/s in the next V phase;
feedback on the system requirements and SUT development, especially considering usability and suitability of prototypes and the associated requirements;
how to address the identified gaps e.g. not covered operational requirements or maturity gaps that shall be addressed in following maturity phases;
if solution has achieved End of V3, recommendations to be taken into consideration by SDM.
Next phase for SDM 0207 will be deployment. Validations found some gaps during the V3 phase which has to be addressed during deployment due to the local aspect of each deployment site, depending on aerodromes and technical systems.
The platforms used for the validations included all systems needed at V3 level. A refinement of layout and manoeuvring of systems is needed at a local deployment related to systems used. Specific details for system failure and back up as well as local procedures and harmonisation need to be considered:
· Local procedures at the different aerodromes should be harmonised as much as possible
· Coordination needs with other sectors depending on APP/ACC sectors and airport coordination should be reduced as far as possible by using of system support
· Alerts and alarms should be harmonised. The same alerts and alarms should be available at the aerodromes that are controlled by one ATCO. The alerts and alarms should be displayed to the ATCO in the same way. The same interaction with the alerts and alarms should be provided to the ATCO for the alarms and alerts of the different aerodromes
· Abnormal and Non-nominal situations at a detailed level need to be further assed during deployment to cover the detailed operations at each specific aerodrome further described in bullet number one in parameters description.
Recommendations on system capabilities
Four different system set ups was used at four validation sites presenting the aerodromes either side by side, on top of each other or combination of both. Different set ups was proven to function for multiple remote towers.
A main difference was the visual presentation where some worked on a high quality visual presentation and other on a lower resolution impacting the capability to monitor and separate traffic visually. This difference will set a need for tools and features when building multiple remote tower controllers working position. The results on V3 level indicate different possibilities where different tools and features can support the ATCO in the delivery of local air traffic service (including AFIS if requested as level of service).
· The procedures for degraded modes along with the minimum system performance should be considered as they are impacting traffic levels and required mitigations.
A degradation of all systems listed below might impact capacity when delivering Multiple Remote Air Traffic Service. The level of impact on capacity has to be determined at a local deployment level depending on the structure and amount of automation each system support in. E.g. Loss of radar at one airport might affect capacity for all aerodromes handled from the MRTM, electronic flight strip failure will probably impact the entire MRTM due to increased coordination.
· Electronic flight strips including airport light manoeuvring
· PTZ with prefixed locations
· Pan able panorama to access the view behind the ATCO, mostly used for visual separation
· Air Situation Display per aerodrome
· VCS including all frequencies and com for the connected aerodromes
· ATCO planning tool with information of traffic on a longer horizon than visible in the flight list
Note 1: Visual separation is commonly used in local air traffic service to deal with a mixture of IFR and VFR traffic.
Note 2: AFIS as service can be conducted from the same environment as ATC. A mixture of service from one MRTM has not been investigated and is therefore not a recommendation from the validations.
[bookmark: _Toc459880172][bookmark: _Toc462151206]Recommendations for updating ATM Master Plan Level 2
No recommendations for updating of ATM Master Plan were identified.
This section shall contain any recommendation for updating the SESAR Solution definition, and the associated OI steps and enablers.
These recommendations shall be captured into associated Change Requests to the Integrated Roadmap information.

[bookmark: _Toc459880173][bookmark: _Toc462151207]Recommendations on regulation and standardisation initiatives
No recommendations on regulation and standardisation initiatives were identified.
Here the impact on Regulation and Standardisation activities (either identification of impact to existing Regulation and/or Standardisation, or identification of needs for Regulation and/or Standardisation) should be summarised with clear link to Validation results.
[bookmark: OLE_LINK10]Detail of Validation Exercises analysis is to be provided in Validation Exercise reports in section ‎4.2 of this document. 
[bookmark: _Toc22829105][bookmark: _Toc459122097][bookmark: _Toc462741284][bookmark: _Toc463425730]Validation Exercise Results
[bookmark: _Toc22829106]Validation EXE-05.02-V3-002 – COOPANS Results
Summary of the Validation Exercise EXE-05.02-V3-002 – COOPANS Plan
If not deviation has been found with respect to the VALP, this section can be completed with a generic sentence “As in the VALP project XXb DYY.”.
The Validation Plan, for COOPANS validations in PJ.05 Solution 02, aimed to develop and validate the MRTM to allow a single ATCO to conduct Air Traffic Control and maintain situational awareness for 2 small sized aerodromes simultaneously with the following traffic characteristics regarding simultaneous movements (including mix of IFR and VFR and vehicle traffic):
· 2 airports with 4 to 5 simultaneous movements in total 
· 10 - 20 movements (a/c and vehicles) in total per hour for the connected aerodromes
Validation Exercise description, scope
Describe in brief terms:
· the operational scope of the Validation exercise in terms of actors and processes. The list of operational actors as well as the use cases available in the relevant SPR-INTEROP/OSED that are covered by the validation exercise;
· the key validation objectives and scenarios;
· the validation technique and platform to be used.

The operational scope for COOPANS validation EXE-05.02-V3-002 was providing of ATS to two small sized aerodromes simultaneously from a MRTM by one ATCO. The ATCO covered the roles of Clearance Delivery, Ground Controller and Tower Runway Controller for both aerodromes simultaneously.
This Real Time Simulation covered the OI step SDM-0207: Multiple Remote Tower Module MRTM. 
The system allowed ATCOs’ to adjust the visual presentation angle according to their needs and preferences, which is essential for providing ATS to multiple aerodromes. Further, ATCOs’ were provided with a WACOM e-strip display with an integrated option for the handling of navigational aids and aeronautical ground lighting, VCS for air/ground communication and communication with vehicle traffic on both aerodromes. Pseudo–pilots positions covered all traffic to both simulated aerodromes.
The key objective was to validate the ATCO’s capability to conduct Air Traffic Control in a safe manner from a MRTM to two small-sized aerodromes simultaneously while maintaining situational awareness. This should have a positive impact on Cost Efficiency when providing ATS due to an increased ATCO productivity. The MRTM used in this exercise has been further developed compared to the MRTM used in the V2 validation.
In accordance with the PJ05 SPR-INTEROP/OSED document the following list of Use Cases have been covered by this validation exercise:

· Normal Conditions:
· UC 1:1 / Provide ATS with simultaneous movements (ground and air) at different aerodromes from one MRTM.
· UC 1:3 / Control of Vehicles in the Manoeuvring Area to different Aerodromes.
· UC 1:4 / Provide ATS to simultaneous landings at different aerodromes.
· UC 1:5 / Provide ATS to simultaneous departures at different aerodromes.
· UC 1:6 / Provide ATS to a landing and a departing aircraft simultaneously at different aerodromes.
· UC 1:7 / VFR flight in a traffic circuit with an arriving IFR flight with simultaneous movements on another aerodrome.
· UC 1:8 / Ensure that ATCO is able to avoid task overload, ATCO able to priorities and control traffic to reduce current workload, e.g. Runway Incursion, several simultaneous VFR arrivals, aircraft with malfunction.
· UC 2:1 / Split of aerodromes from a fixed MRTM to a spare MRTM to meet requested capacity.
· UC 2:2 / Merge of aerodromes to a fixed MRTM.
· Abnormal Conditions:
· UC 2:3 / Emergency Situation – Supported by other ATCO in the MRTM during the emergency situation. 
· UC 2:4 / Emergency Situation – Split of Aerodrome to spare MRTMs (emergency or other aerodrome).
· Degraded Mode:
· UC 1:9 / Failure of parts of the technical system that constitute the Remote Tower Service, e.g. Camera view, screens, Voice com.

Scenarios produced for this V3 validation have focused on an increased realism. Six scenarios with a different time range lasting from 30 minutes up to 90 minutes were performed in order to cover the predefined use cases described above. Air and ground traffic was simulated during IMC and VMC with IFR and VFR traffic. Emergency situations and degraded mode operations were tested. During emergency situations a bird strike caused an aircraft engine failure. Two different types of degraded mode situations were performed; camera failure at one of the aerodromes, and loss of radar at one of the aerodromes.
In the exercise three aerodromes were available for the validation but only two aerodromes were used during each exercise run. The goal was to test the complexity when combining two small-sized aerodromes with different layouts. For example, it could be investigated whether simultaneous control of two aerodromes with the same runway direction would be easier or more difficult than simultaneous control of two aerodromes with diverging runway directions. This was done in order to reach a broad result, covering additional aspects of operating two aerodromes at the same time by not solely focusing on two specific aerodromes in the validation. The goal was to cover enough aspects to get a better understanding of how to combine two aerodromes of the same size with either similar or different layouts.
In the table below the aerodromes used during this validation exercise are presented along with their main characteristics:
	
	Airport A
	Airport B
	Airport C

	Airport name (AIP)
	Kiruna (ESNQ)
	Visby (ESSV)
	Linköping/Saab (ESSL)

	RWY designators and length
	03/21 2502m
	03/21 2000m
10/28 1100m grass
	11/29 2130m

	Number of taxiways
	A and B links
	M parallel
A and C links, G from grass RWY
Other are Mil
	I link to civil apron
C link to Saab apron joining at THR RWY11

	Airspace classification
	C
	C
	C

	Movements per year actual figures
	4.700 (2016 figures)
	18.540 (2016 figures)
	13.522 (2016 figures)


[bookmark: _Toc22829142]Table 9: Actual Aerodrome information EXE.05.02-V3- 002
Note: The aerodromes above are used to fill the R&D needs to cover the scope for solution 2. Linköping is the only aerodrome implemented as Single Remote Tower. All aerodromes used in simulations will cover the scope of 2 small operating environment aerodromes.
Below the main traffic characteristics for the airports are given in numbers of the traffic during the real time simulations as if they would be distributed over the year:
	
	Airport A
	Airport B
	Airport C

	Airport name (AIP)
	Kiruna (ESNQ)
	Visby (ESSV)
	Linköping/Saab (ESSL)

	Movements per year simulated runs
	15.000 (movements spread over one year)
	35.000 (movements spread over one year)
	25.000 (movements spread over one year

	IFR flights / VFR flights
	80 % / 20 %
	70 % / 30 %
	50 % / 50 %

	Movements per hour
	3-6
	7-11
	4-8

	Ground movements per hour
	1-3
	3-5
	2-5


[bookmark: _Toc490125536][bookmark: _Toc525128836][bookmark: _Toc22829143]Table 10: Aerodrome information


Aerodromes charts
Aerodromes chart are presented below:

Kiruna (ESNQ) RWY 03/21 RWY length 2622m
[image: C:\Users\sasuswid\Pictures\ESNQ.JPG]
[bookmark: _Toc490136675][bookmark: _Toc525128880][bookmark: _Toc22828955]Figure 8 Aerodrome chart ESNQ - Kiruna
Visby (ESSV) RWY 03/21 length 2000m grass strip RWY 10/28 1100m
[image: C:\Users\samikols\Pictures\Flygplatskartor\ESSV.JPG]
[bookmark: _Toc490136676][bookmark: _Toc525128881][bookmark: _Toc22828956]Figure 9 Aerodrome chart ESSV - Visby


Linköping/SAAB (ESSL) RWY 11/29 2135m
[image: C:\Users\samikols\Pictures\Flygplatskartor\ESSL.JPG]
[bookmark: _Toc490136677][bookmark: _Toc525128882][bookmark: _Toc22828957]Figure 10 Aerodrome chart Linköping/SAAB, ESSL
Eight different ATCO’s with different ages and operational experiences, from three different countries: Sweden, Austria and Croatia took a part in this validation exercise. Five of the ATCO’s were new to the Remote Tower Concept while three of them had participated during the previous V2 validation.
The validation EXE-05.02-V3-002 was conducted as a Real Time Simulation, performed on the IBP platform produced by NATMIG SAAB, based on results from previous validation on COOPANS NARSIM R&D platform. The validation took place in the SAAB premises in Växjö – Sweden. 
The validation platform was comprised of the following main elements:
· Visual Presentation, four high definition displays set on horizontal position (two displays per aerodrome)
· Two Air Situation Displays (one ASD per aerodrome) with integrated ATCO workload planning tool, Met report and wind rose
· WACOM panel:
· aerodromes layout presentation
· handling of electronic flight strips
· handling of navigational aids
· handling of aeronautical ground lighting
· Voice Communication System – VCS:
· Touch Screen for air and ground communication channels
· Headset  – coupled air frequencies 
· Speakers – separated ground frequencies
· PTT- Hand held Push To Talk device 
· Input Devices:
· WACOM Pen 
·  Optical Mouse
[image: ]
[bookmark: _Toc22828958]Figure 11, Validation platform for EXE-05.02-V3-002 COOPANS

Summary of Validation Exercise EXE-05.02-V3-002 – COOPANS Validation Objectives and success criteria 
Provide a summary of the Validation Exercise objectives by the exercise 1.
	SESAR Solution Validation Objective
	SESAR Solution Success criteria
	Coverage and comments on the coverage of SESAR Solution Validation Objective in Exercise V3-002
	Exercise Validation Objective
	Exercise Success criteria

	HUMAN PERFORMANCE – SITUATION AWARENESS

	OBJ-PJ05.02-V3-VALP-H02

	CRT-PJ05.02-V3-VALP-H02-010
	Fully covered
questionnaire
	as solution
	as solution

	
	CRT-PJ05.02-V3-VALP-H02-020
	Fully covered
questionnaire
	as solution
	as solution

	
	CRT-PJ05.02-V3-VALP-H02-030
	Fully covered
questionnaire
	as solution
	as solution

	
	CRT-PJ05.02-V3-VALP-H02-040
	Fully covered
questionnaire
	as solution
	as solution

	HUMAN PERFORMANCE – WORKLOAD

	CRT-PJ05.02-V3-VALP-H04
	CRT-PJ05.02-V3-VALP-H04-010
	Fully covered
questionnaire, debrief
	as solution
	as solution

	HUMAN PERFORMANCE – ACCEPTANCE OF OPERATING METHODS / ROLES

	OBJ-PJ05.02-V3-VALP-H06
	CRT-PJ05.02-V3-VALP-H06-010
	Fully covered
questionnaire, debrief
	as solution
	as solution

	OBJ-PJ05.02-V3-VALP-H07
	CRT-PJ05.02-V3-VALP-H07-010
	Fully covered
debrief
	as solution
	as solution

	OBJ-PJ05.02-V3-VALP-H08
	CRT-PJ05.02-V3-VALP-H08-010
	Fully covered
workshop
	as solution
	as solution

	HUMAN PERFORMANCE – USABILITY and UTILITY

	OBJ-PJ05.02-V3-VALP-H11

	CRT-PJ05.02-V3-VALP-H11-010
	Fully covered
questionnaire
	as solution
	as solution

	
	CRT-PJ05.02-V3-VALP-H11-020
	Fully covered
questionnaire
	as solution
	as solution

	
	CRT-PJ05.02-V3-VALP-H11-030
	Fully covered
questionnaire
	as solution
	as solution

	
	CRT-PJ05.02-V3-VALP-H11-040
	Partly covered
questionnaire
	as solution
	as solution

	
	CRT-PJ05.02-V3-VALP-H11-050
	Fully covered
questionnaire
	as solution
	as solution

	
	CRT-PJ05.02-V3-VALP-H11-060
	Fully covered
questionnaire
	as solution
	as solution

	
	CRT-PJ05.02-V3-VALP-H11-080
	Fully covered
questionnaire
	as solution
	as solution

	HUMAN PERFORMANCE – TRUST

	OBJ-PJ05.02-V3-VALP-H13

	CRT-PJ05.02-V3-VALP-H13-040 
	Partly covered
questionnaire 
	as solution
	as solution

	
	CRT-PJ05.02-V3-VALP-H13-050
	Fully covered
questionnaire
	as solution
	as solution

	
	CRT-PJ05.02-V3-VALP-H13-060
	Fully covered
questionnaire
	as solution
	as solution

	
	CRT-PJ05.02-V3-VALP-H13-070
	Fully covered
questionnaire
	as solution
	as solution

	
	CRT-PJ05.02-V3-VALP-H13-080
	Fully covered
questionnaire
	as solution
	as solution

	SAFETY - GENERAL

	OBJ-PJ05.02-V3-VALP-S01
	CRT-PJ05.02-V3-VALP-S01-010
	Fully covered
questionnaire
	as solution
	as solution

	OBJ-PJ05.02-V3-VALP-S02
	CRT-PJ05.02-V3-VALP-S02-010
	Fully covered
questionnaire
	as solution
	as solution

	OBJ-PJ05.02-V3-VALP-S03
	CRT-PJ05.02-V3-VALP-S03-010
	Fully covered
questionnaire
	as solution
	as solution

	SAFETY 

	OBJ-PJ05.02-V3-VALP-S04

	CRT-PJ05.02-V3-VALP-S04-010
	Fully covered
questionnaire
	as solution
	as solution

	
	CRT-PJ05.02-V3-VALP-S04-020
	Partly covered (simulated cases)
questionnaire
	as solution
	as solution

	
	CRT-PJ05.02-V3-VALP-S04-030
	Partly covered (simulated cases)
questionnaire
	as solution
	as solution

	
	CRT-PJ05.02-V3-VALP-S04-040
	Partly covered (simulated cases)
questionnaire
	as solution
	as solution

	
	CRT-PJ05.02-V3-VALP-S04-050
	Fully covered
questionnaire
	as solution
	as solution

	OBJ-PJ05.02-V3-VALP-S05
	CRT-PJ05.02-V3-VALP-S05-010
	Fully covered
Questionnaire and workshop
	as solution
	as solution

	OBJ-PJ05.02-V3-VALP-S06
	CRT-PJ05.02-V3-VALP-S06-010
	Fully covered
Questionnaire and workshop
	as solution
	as solution

	OBJ-PJ05.02-V3-VALP-S07

	CRT-PJ05.02-V3-VALP-S07-010
	Fully covered
questionnaire
	as solution
	as solution

	
	CRT-PJ05.02-V3-VALP-S07-020
	Fully covered
questionnaire
	as solution
	as solution

	
	CRT-PJ05.02-V3-VALP-S07-030
	Fully covered
questionnaire
	as solution
	as solution

	CAPACITY

	OBJ-PJ05.02-V3-VALP-CA1
	CRT-PJ05.02-V3-VALP-CA1.010
	Fully covered
questionnaire
	as solution
	as solution

	COST EFFIENCY

	OBJ-PJ05.02-V3-VALP-CE1
	CRT-PJ05.02-V3-VALP-CE1.010
	Fully covered
questionnaire
	as solution
	as solution


[bookmark: _Toc22829144]Table 11: Summary of Validation Objectives and Success Criteria - EXE-05.02-V3-002 – COOPANS

Summary of Validation EXE-05.02-V3-002 – COOPANS Validation scenarios
Provide a summary of the reference and solution scenario(s). If, due to the nature of the validation technique, the definition of a reference scenario is not applicable, justify it here.

In the validation exercise scenarios, three different small size aerodromes with different complexity and different layouts were used. During the validation, only combinations of two aerodromes were tested per exercise run. 
The solution scenario had the characteristics listed in PJ.05.02-V3-VALP chapter 4.4.2 Parameters Overview.
The parameters covered by COOPANS validation EXE-05.02-V3-002 are described in the table below. These are the characteristics of the scenarios that were covered in the different simulation runs. Each simulation run covered some of the scenarios selected for the specific run. The summary of all scenarios covers the characteristics.
 [SCN]
	
	2 ADs
	nr/hour
	IMC/VMC
	light
	distribution
	UC
	Split/Merge

	SCN 1
	Diverging RWY directions
ESNQ/ESSL
	20
	VMC
	day
	even
	UC 1:1, 1:3 1:4, 1:5,1:6, 1:7, 1:8
	Optional

	SCN 2
	Parallel RWY directions
ESNQ/ESSV
	20
	IMC/VMC 
	day
	even
	UC 1:1, 1:3 1:4, 1:5, 1:6, 1:7, 1:8
	Optional

	SCN 3
	Diverging
ESNQ/ESSL
	20
	IMC
	day
	even
	UC 1:1, 1:3, 1:4, 1:5, 1:6, 1:7, 1:8 2:1, 2:2
	Optional

	SCN 4
	Parallel
ESNQ/ESSV
	20
	VMC/IMC 
	day
	even
	 UC 1:1, 1:3, 1:4, 1:5, 1:6, 1:7, 1:8 2:1, 2:2
	Optional

	SCN 5
Emergency
	Diverging
ESNQ/ESSL
	20
	VMC
	day
	even
	UC 1:1, 1:3, 1:4, 1:5,1:6, 1:7, 1:8, 2:1, 2:3, 2:4
	Optional

	SCN 6
Degraded mode
	Parallel
ESNQ/ESSV
	20
	VMC/IMC
	day
	even
	UC 1:1, 1:3, 1:4, 1:5, 1:6, 1:71:8, 1:9, 2:1,
	Optional


[bookmark: _Toc22829145]Table 12: Scenario description Validation EXE-05.02-V3-002 – COOPANS


Summary of Validation Exercise EXE-05.02-V3-002 – COOPANS Validation Assumptions
This section shall provide an overview of the validation assumptions that are applicable to the validation exercise on top of those identified in section.3.2.3.
The Validation Assumptions should be recorded in a table of the following form.
See chapter 3.2.3 for overall validation assumptions.
Deviation from the planned activities
All events and decisions that led to a deviation from the planned activities should be noted, including possible mitigating actions or expected consequences for Exercise results. In particular, modifications of simulation data / Exercise procedure should be noted here.
This includes changes in the hypothesis/success criteria or exercise assumption, KPIs actually not covered or functionality in the platform that was not available following test case failed during integrated platform acceptance, etc.
Technical issues that impact results and data analysis e.g. Exercises not run, content reduced for time and/or technical reasons etc.
One of the ATCOs’ during the validation week 1 performed only three of the six scenarios due to illness.
There was a malfunction of the VCS telecom functionality during some of the scenario runs during validations in week 2. This was solved by performing manual coordination with the validation leader.
Weather change was possible in the planned scenarios due to simulator issues on weather change in an actual run.
The following success criteria were not described in the validation plan (Deliverable ID: D2.2.002) but have been considered during the validation: 
· CRT-PJ05.02-V3-VALP-H11-030 – ATCOs’ confirm adequate usability of ATS – system.
· CRT-PJ05.02-V3-VALP-H11-060 – ATCOs’ confirm adequate usability of PTZ camera.
· CRT-PJ05.02-V3-VALP-H13-050 – The human machine interface does not increase the potential for human error.
The following validation objective with respective criteria was not covered: 
· CRT-PJ.05.02-V3-VALP-S07-020 – ATCO is able to detect and recover from a failure occurring in a several airports (e.g.):
· Communication
·  Visualisation Systems 
· Other airport systems/infrastructure

Validation EXE-05.02-V3-002 – COOPANS Results
Summary of Validation EXE-05.02-V3-002 – COOPANS Results
Here the results of Validation Exercise 1 should be summarised following the table below given as an example. This shows the summary of results compared to the success criteria identified within the Validation Plan per validation objective. The analysis should cover all the Validation Objectives embedded in all Validation Exercises as per the corresponding Validation Plan.
The project shall assess the results against the success criteria and decide if the Validation objective analysis status is OK, partially OK or NOK:
OK: Validation objective achieves the expectations (exercise results achieve success criteria)
NOK: Validation objective does not achieve the expectations (exercise results do not achieve success criteria).
Partially OK: Validation objective achieves the expectations to a certain extent. The reasons why the validation objective is not fully achieved shall be clearly recorded in Table below

The following table summarises the results of the Validation Exercise compared to the success criteria identified within the Validation Plan per validation objective.
Results obtained are assessed against the success criteria and considering the characteristics of the simulation in order to decide if the Validation Objective Analysis Status is OK, partially OK, NOK or Not Applicable (N/A). 
The following nomenclature has been used:
· OK
· Validation objective achieves the expectations
· NOK
· Validation objective does not achieve the expectations 
· Partially OK
· Validation objectives does not fully achieves the expectation
· N/A
· Validation objectives out of scope of the validation


	Validation Excercise EXE05.02-V3-002 Validation Objective ID
	Validation Excercise EXE05.02-V3-002  Objective Title
	Validation Excercise EXE05.02-V3-002 Success Criterion ID
	Validation Excercise EXE05.02-V3-002  Success Criterion
	Sub-operating environment
	Validation Excercise EXE05.02-V3-002  Validation Results
	Validation Excercise EXE05.02-V3-002 Validation Objective Status

	HUMAN PERFORMANCE – SITUATION AWARENESS
	
	
	

	OBJ-PJ05.02-V3-VALP-H02
	Assess ATCO situation awareness when providing ATS to multiple aerodromes
	CRT-PJ05.02-V3-VALP-H02-010
	ATCOs’ situation awareness is at an acceptable level.
	Small size aerodromes
	ATCOs’ were able to maintain situational awareness in all exercises. They were ahead of traffic, aware about which a/c and vehicle on which aerodrome belongs, did not forget something important etc.
Additional information about situation awareness could be found in chapter 6.1.8.1
	OK

	
	
	CRT-PJ05.02-V3-VALP-H02-020
	ATCOs’ can prioritise tasks.
	Small size aerodromes
	ATCOs’ indicated that they were indeed able to prioritise tasks although they provided ATS to two different aerodromes simultaneously, with up to 20 movements per hour.
Additional information about situation awareness could be found in chapter 6.1.8.1
	OK

	
	
	CRT-PJ05.02-V3-VALP-H02-030
	ATCOs’ confirm that the user interface design supports a sufficient level of individual situation awareness
	Small size aerodromes
	Side by side (left/right) user interface design was very appreciated and supported ATCOs’ in providing ATS to 2 aerodromes simultaneously. Left/right logic was applied for: VP, ASD, sound speakers for ground vehicles, PTT (Push To Talk) device and EFS presentation.
Additional information about situation awareness could be found in chapter 6.1.8.1.
	OK

	
	
	CRT-PJ05.02-V3-VALP-H02-040
	ATCO maintain an adequate level of SA, despite having to divide their attention to several airports with different procedures and characteristics (geographical area, urban infrastructure, weather conditions etc.)
	Small size aerodromes
	Combining two different aerodromes with different characteristics required different operational procedures (e.g. back-track at Linköping/SAAB airport) to be applied by the ATCOs’ at the same time. 
Aerodromes used for the validation had costal, inland and mountain characteristics and ATCOs’ were able to perform ATS to all in the different parameters set for the validations with maintained situation awareness.
Additional information about situation awareness could be found in chapter 6.1.8.1
	OK

	HUMAN PERFORMANCE – WORKLOAD
	
	
	

	CRT-PJ05.02-V3-VALP-H04
	Assess ATCO workload when providing ATS to multiple aerodromes 
	CRT-PJ05.02-V3-VALP-H04-010
	ATCOs’ workload is at an acceptable level
	Small size aerodromes
	ATCOs’ workload was on acceptable level during the validation trials. Only during one scenario workload was considered as not acceptable due to high traffic load.  
Note: The runs where between 30 and 90 minutes.
Additional information about workload could be found in chapter 6.1.8.2
	OK

	HUMAN PERFORMANCE – ACCEPTANCE OF OPERATING METHODS / ROLES
	
	
	

	OBJ-PJ05.02-V3-VALP-H06
	Assess ATCOs’ acceptance of operating methods when providing ATS to multiple aerodromes
	CRT-PJ05.02-V3-VALP-H06-010
	ATCOs’ can apply operating methods in an accurate, efficient and timely manner
	Small size aerodromes
	The operating methods that were executed by the ATCOs’ were completed in time and were executed in an efficient way. Operating method efficiency has an impact on ATCOs’ workload.
Additional information about acceptance of operating methods could be found in chapter 6.1.8.3
	


OK

	OBJ-PJ05.02-V3-VALP-H07
	Assess ATCO acceptance of roles and responsibilities when providing ATS to multiple aerodromes
	CRT-PJ05.02-V3-VALP-H07-010
	Changes to ATCOs’ roles and responsibilities introduced by the remote tower concept are clear, consistent, stable and acceptable. 
	Small size aerodromes
	ATCOs’ accepted roles and responsibilities introduced by the remote tower concept as clear, consistent, stable and acceptable.
Additional information about acceptance of roles and responsibilities could be found in chapter 6.1.8.3
	OK

	OBJ-PJ05.02-V3-VALP-H08
	Assess usage of the ATCO phraseology 
	CRT-PJ05.02-V3-VALP-H08-010
	The phraseology is acceptable for the ATCO
	Small size aerodromes
	The dedicated phraseology for operating multiple aerodromes was clear and workload of using the phraseology was acceptable.
Aerodrome designators were used during all calls by both, pilots and aerodrome vehicle drivers at the respective aerodrome.
Additional information about acceptance of used phraseology could be found in chapter 6.1.8.3
	OK

	HUMAN PERFORMANCE – USABILITY and UTILITY
	
	
	

	OBJ-PJ05.02-V3-VALP-H11
	Assess usability and utility of ATCO human machine interface when providing ATS to multiple aerodromes
	CRT-PJ05.02-V3-VALP-H11-010
	ATCOs’ have all required information available
	Small size aerodromes
	ATCOs’ had all required information available. Information fixed positions had a positive impact in term of decreasing the time for the respective information to be found. Especially information about the wind direction and intensity placed by the runway-in-use direction, QNH value as well as ATIS information were very appreciated by the ATCOs’.
Added information has a possibility to improve usability and utility, see chapter 6.1.8.4
	OK

	
	
	CRT-PJ05.02-V3-VALP-H11-020
	ATCOs’ confirm adequate usability of input devices
	Small size aerodromes
	Wacom display pen and optical mouse were used as system input devices by the ATCOs’. These two devices proved to be sufficient for HMI handling and system input.  
As few input devices as possible was appreciated by the ATCOs’.
	

OK

	
	
	CRT-PJ05.02-V3-VALP-H11-030
	ATCOs’ confirm adequate usability of ATS - system
	Small size aerodromes
	ATCOs’ found ATS – system easy to learn and to work with, and confirm that the integrated tools and functions are adequate for providing ATS to two small aerodromes.
Additional information about usability of ATS-system could be found in chapter 6.1.8.4
	OK

	
	
	CRT-PJ05.02-V3-VALP-H11-040
	ATCOs’ confirm adequate usability of alarms and alerts
	Small size aerodromes
	The only alert was indication when the RWY was blocked by an a/c or vehicle. In this occasion the RWY presented in the WACOM display was framed with red rectangle, preventing ATCO to give operational orders to the other a/c or vehicles related to the same RWY.
Additional information about usability of alarms and alerts could be found in chapter 6.1.8.4
	OK

	
	
	CRT-PJ05.02-V3-VALP-H11-050
	The human machine interface does not increase the potential for human error
	Small size aerodromes
	Side by side approach for HMI through all equipment from VP, ASD, sound speakers and PTT (Push To Talk) device decrease the risk for human error.
	OK

	
	
	CRT-PJ05.02-V3-VALP-H11-060
	ATCOs’ confirm adequate usability of PTZ
	Small size aerodromes
	ATCOs’ found the PTZ useful, not extremely but more than average. They also found the PTZ accurate, quick, and critical for ATS, and they appreciated the fixed positions. 
Improvements have to be done in order to minimize ATCOs’ actions for starting PTZ.
Additional information about usability of PTZ could be found in chapter 6.1.8.4 and 6.1.8.11.3 
	OK

	HUMAN PERFORMANCE – TRUST
	
	
	

	OBJ-PJ05.02-V3-VALP-H13

	Assess ATCO trust in support systems when providing ATS to multiple aerodromes

	CRT-PJ05.02-V3-VALP-H13-040
	ATCOs’ trust in reliability of alarms and alerts 

	Small size aerodromes
	ATCOs’ trust in reliability of alarms and alerts provided by the system. 
Note that the only alert signal was on indication of when the RWY was blocked by an a/c or vehicle. In this occasion the RWY presented in the WACOM display was framed with red rectangle, preventing ATCO to give operational orders to the other a/c or vehicles related to the same RWY. 
	Partially OK

	
	
	CRT-PJ05.02-V3-VALP-H13-050
	The human machine interface does not increase the potential for human error
	Small size aerodromes
	Due to standardised allocation and presentation of the system tools and functionalities ATCOs’ trust into the HMI was increased hence potential for human error was not increased.
	OK

	
	
	CRT-PJ05.02-V3-VALP-H13-060
	ATCO trust the overlaid information 
	Small size aerodromes
	ATCOs’ found overlaid information useful, well integrated, nor distracting and it made work easier.
Note: Some ATCOs’ preferred to work without TWY and RWY not to clutter the screens
	OK

	
	
	CRT-PJ05.02-V3-VALP-H13-070
	ATCOs’ rate the usability of automatic object tracking as adequate
	Small size aerodromes
	This automaticity was considered useful. The researchers interpret that as that it is, in the perception of the ATCOs’ not necessary but nice to have.
	
OK

	
	
	CRT-PJ05.02-V3-VALP-H13-080
	ATCOs’ rate the usability of automatic object bounding as adequate
	Small size aerodromes
	This automaticity was considered useful. The researchers interpret that as that it is, in the perception of the ATCOs’ not necessary but nice to have.
	
OK

	SAFETY – GENERAL
	
	
	

	OBJ-PJ05.02-V3-VALP-S01
	Assess whether the levels of safety are maintained or improved under all normal conditions when ATS are remotely provided to multiple airports
	CRT-PJ05.02-V3-VALP-S01-010
	The Safety Acceptance Criteria are satisfied (i.e. no increase of risk with respect to a situation in which ATC services are remotely provided by a controller to a single remote tower). 
Note: A risk assessment is performed.
	Small size aerodromes
	Safety levels were at all times maintained while providing ATS to multiple aerodromes under all normal conditions. ATCOs’ could deal with the amount of traffic volume during scenarios under all normal conditions. Note: None of the ATCOs’ has an endorsement at a Single Remote Tower aerodrome.
	OK

	OBJ-PJ05.02-V3-VALP-S02
	Assess whether the ATS can safely continue to be remotely provided to multiple aerodromes under external abnormal conditions.
	CRT-PJ05.02-V3-VALP-S02-010
	The Safety Acceptance Criteria are satisfied. 
Note: A risk assessment is performed.
	Small size aerodromes
	According to ATCOs’ a split of aerodromes is important when dealing with abnormal situations. This to keep full attention on a situation with a high capacity to support aircraft in distress and also to avoid potential frequency jam at the other aerodrome.
	OK

	OBJ-PJ05.02-V3-VALP-S03
	Assess whether the ATS can safely be remotely provided to multiple aerodromes during degraded modes of operation 
	CRT-PJ05.02-V3-VALP-S03-010
	The Safety Acceptance Criteria are satisfied. 
Note: A risk assessment is performed.
	Small size aerodromes
	Accomplishment of this safety criteria depends on ATCOs’ personal skills and experiences. Two different types of degraded modes were tested during the validation:
· Radar loss at one of the aerodromes
· Camera failure at one of the aerodromes
No particular efforts were caused when this situation had occurred.
Additional information about safety criteria during degraded modes of operation could be found in chapter 6.1.8.6
	





OK

	SAFETY 
	
	
	

	OBJ-PJ05.02-V3-VALP-S04
	Assess ATCO capability to provide ATC services in a safe manner to multiple aerodromes under all normal conditions
	CRT-PJ05.02-V3-VALP-S04-010
	ATCO is able to identify and solve potential conflicts in a timely manner:
· In the vicinity of the aerodrome
· In the runway area 
· On the manoeuvring area
	Small size aerodromes
	ATCOs’ confirm that they are capable to identify and solve potential conflicts in a timely manner.

	OK

	
	
	CRT-PJ05.02-V3-VALP-S04-020
	ATCO is able to identify and solve hazardous situations in a timely manner (e.g.):
· Unstable approaches
· Bird strikes
· Aircraft not vacating RWY as expected
	Small size aerodromes
	ATCOs’ confirm that they are able to identify and solve hazardous situations in a timely manner.
	OK

	
	
	CRT-PJ05.02-V3-VALP-S04-030
	ATCO is able to distinguish with which aircraft, vehicle at which aerodrome the ATCO is communicating with
	Small size aerodromes
	ATCOs’ were able to distinguish with which, aircraft or vehicle at which aerodrome they communicated with. Using the aerodrome designator by the pilots and vehicle drivers during the communication as well as colour coding, contributed to this criteria to be accomplished.
Additional information could be found on chapter 6.1.8.7 
	

OK

	
	
	CRT-PJ05.02-V3-VALP-S04-040
	ATCO is be able to distinguish with which sector the ATCO is communicating with 
Note: COOPANS used a COM-set up with a centralized approach and the available airports
	Small size aerodromes
	ATCOs’ confirmed that they could distinguish whom they were communicating with. 
	

OK

	
	
	CRT-PJ05.02-V3-VALP-S04-050
	ATCO is not inducing more conflicting situations than in the baseline
	Small size aerodromes
	ATCOs’ confirm that there is no increased risk of inducing conflicting situations when working in a multiple environment in comparison to working in a conventional tower with the traffic level presented in the validation.
Note: Due to lack of ATCOs’ working in a Single RTWR comparison was made with a conventional tower
	OK

	OBJ-PJ05.02-V3-VALP-S05
	Assess ATCO capability to perform specific procedures related to MRTM capabilities in a safe manner 
	CRT-PJ05.02-V3-VALP-S05-010
	ATCO is able to foresee traffic at his/her MRTM at short term in order to avoid overloads
	Small size aerodromes
	ATCOs’ confirm that they could foresee traffic to avoid overload. Radar presentation and EFS at this traffic level were found to be very helpful. Due to the lack of knowledge of how the ATCOs’ workload planning tool works, this tool was not used enough and it was considered as a long term planning tool.   
	Partially OK

	OBJ-PJ05.02-V3-VALP-S06
	Assess ATCO capability to cope with / manage abnormal situation in a  safe manner
	CRT-PJ05.02-V3-VALP-S06-010
	ATCO is able to identify and manage abnormal situations (e.g.):
· Unknown flight
· Aircraft emergency
· Crash on an airport or its vicinity
· Fire on an airport
· Unplanned closure of an airport 
	Small size aerodromes
	ATCOs’ were able to manage abnormal situation in a safe manner. Aircraft engine failure was tested during the validation.  
Ask for a split ensured a capability to cope with an abnormal situation.
Additional options could be a spare ATCO who can also support abnormal situations and as a last option there could be traffic suspension/termination at the other aerodrome.
	OK

	

OBJ-PJ05.02-V3-VALP-S07
	

Assess ATCO capability to cope with / manage degraded modes and recover from them in a safe manner
	CRT-PJ05.02-V3-VALP-S07-010
	ATCO is able to detect and recover from a failure occurring at one of the airports affecting (e.g.):
· Communication
· Visualisation system
· Other airport systems / infrastructure
	Small size aerodromes
	During the validation, two separated types of degraded modes were performed, ASD loss and camera failure. 
ATCOs’ were able to detect and recover from failure occasions at one of the airports, camera failure.
Note: System alarms were not available inducing a longer detection time.
	OK

	
	
	CRT-PJ05.02-V3-VALP-S07-030
	ATCO is able to detect and recover from a failure in the MRTM affecting (e.g) :
· Communication
· Visualisation system
	Small size aerodromes
	During the validation, two separated types of degraded modes were performed, ASD loss and camera failure. 
ATCOs’ were able to detect and recover from failure occasions in the MRTM, radar, ASD.
Note: System alarms were not available inducing a longer detection time.
	OK

	CAPACITY
	
	
	

	OBJ-PJ05.02-V3-VALP-CA1
	Assess capacity constraints when providing ATS to multiple aerodromes
	CRT-PJ05.02-V3-VALP-CA1.010
	An indication for controller capacity is given (in terms of simultaneous movements, up to 6) when ATS is provided to multiple remote towers
	Small size aerodromes
	There where up to 5 simultaneous movements in some occasions and ATCOs’ had a capacity to maintain requested traffic levels. The numbers used are equivalent to small environment aerodromes.
	

OK

	COST EFFICIENCY
	
	
	

	OBJ-PJ05.02-V3-VALP-CE1
	Assess the staff required for providing ATS to multiple aerodromes
	CRT-PJ05.02-V3-VALP-CE1.010
	ATCO can provide ATS to x number of aerodromes 
	Small size aerodromes
	The ATCOs’ kept requested capacity for 2 simultaneous aerodromes at all time. Up to 20 movements per hour in total.
ATCOs’ referred to traffic load inconsistency.  
	OK



[bookmark: _Toc22829146]Table 13: Validation Results for EXE-05.02-V3-002 – COOPANS
A catalogue of the Performance Indicator IDs is proposed in "Guidance on list of Key Performance Indicators for Step 1 Performance" ‎within [20][19]. 
The sub-sections below are indicative and the project can add additional ones if required depending on the scope of validation exercise 1.


Analysis of EXE-05.02-V3-002 – COOPANS Results per Validation objective
Eight ATCOs’ from three different countries: Sweden, Austria and Croatia participated, of which 7 were male. Their average age is 42 and they have 15.8 years of experience on average. The scenarios were designed to increase in complexity. After each scenario, they filled in a short questionnaire. At the end of the experiment, each participant filled in a longer questionnaire.
Each scenario had the same amount of traffic movements. Differences were the combination of aerodromes, just IFR traffic versus a mix of IFR and VFR traffic. Emergency taking place in one of the scenarios and also degraded modes were tested in the last scenario. More information about the exact scenarios, systems and methods used may be found in chapter 6.1.4.
All results are reported in this chapter by means of graphs and corresponding explanation in text. Graphs show the average ratings of all ATCOs’ and they contain error bars, indicating standard errors: a measure to estimate the standard deviation of statistical sample population. It includes the variation between the calculated mean of the population and one which is considered known, or accepted as accurate. 
Expectations and attitude towards Multiple Remote Tower Systems
Before the experiment started, each ATCO answered five questions regarding their expectations and attitude about the system. Their expectation on how acceptable their Situational awareness would be when providing ATS to multiple aerodromes simultaneously did not differ very much from their experiences after the test. They thought that the multiple remote tower module operating methods would be appropriate to control the traffic volume at all aerodromes. Their experiences on how easy it was to use the CWP surpassed their expectations. The ATCOs’ expect mandatory suggestions for functional improvement of the system will follow from this experiment. The answers on the questions were more similar between the ATCOs’ after the experiment compared to the pre-test answers. The results are visualised in Figure 12.

[bookmark: _Ref5958682][bookmark: _Toc22828959]Figure 12 Expectations versus experiences of the system
Representativeness if the scenario’s
After each run, the ATCOs’ were asked how representative the scenario was for the real environment. Answers were given on a five-point Likert scale, in which 5 represents “strongly agree” and 1 represents “strongly disagree” figure 13.  All scenarios deemed representative for the real environment.

[bookmark: _Ref5958870][bookmark: _Toc22828960]Figure 13 Representativeness scenario for real environment.

The large amount of traffic in scenario 3 was the reason for two ATCOs’ not to agree with the statement that the scenario is representative for real life situations.

This section should provide, per validation objective, a consolidated analysis of the validation exercise 1 results.
It shall provide a general analysis of the results, including rationale of the results, potential deviations with respect to the targets, possible reasons and relationship between the results and the appropriate assumptions.
HUMAN PERFORMANCE – SITUATION AWARENESS
OBJ-PJ05.02-V3-VALP-H02 Results
This section should provide, per SESAR Solution validation objective, a consolidated analysis of all the contributions of the different exercises that addressed the validation objective.
It shall provide a general analysis of the results expanding the summary captured in section 3.1, including rationale of the results, potential deviations with respect to the targets, possible reasons and relationship between the results and the applicable assumptions.
Note: Validation results can be structured by the author considering the specificities of each validation maturity phase e.g. reporting on different objectives within the same sub-section.
OBJ: Assess ATCO situation awareness when providing ATS to multiple aerodromes
The perceived level of Situational Awareness (SA) of the ATCOs’ was indicated after each run by the China Lakes Scale. The scale encompasses a hierarchical decision tree that guides the ATCO through a ten-point rating scale, where each point is accompanied by a descriptor of the associated level of SA. Figure 14 below describes the average results obtained throughout the six runs and the corresponding standard error (SE) for each position.

Figure 14 Situational awareness for each scenario (China Lakes).
Note that the ATCOs’ rate that their SA was good during all trials.
After every scenario, several questions were asked to indicate the situational awareness of the ATCO. Examples of these questions are: -were you ahead of traffic, -did you start to focus on a single item and -did you forget something important? The answers did not differ much between the different scenarios, and are therefore combined in one figure.
Overall (see Figure 15) the ATCOs’ were ahead of traffic, did not focus on one single problem or area, did not experience a risk of forgetting something important, were able to plan and organise their work as they wanted, were not surprised by unexpected events, did not have to search for information, were able to prioritize tasks, and they were aware of which aircraft or aerodrome they were communicating with and to which aerodrome each aircraft belonged.

[bookmark: _Ref5959398][bookmark: _Toc22828961]Figure 15 Different aspects regarding Situational awareness.

[bookmark: _Ref5959672][bookmark: _Toc22828962]Figure16 Situational awareness regarding the risk of forgetting something important and if the ATCO was ahead of traffic for each scenario.
For each of the scenarios the ATCOs’ indicated that they were always ahead of the traffic and did not forget important items. Details may be found in Figure 16.
Figure 17 shows the experienced events that had a negative impact on their situational awareness. These events occurred at least once during the experiment day. The main Situational awareness distractor was their confusion by the radio, especially when vehicles called while an aircraft is transmitting or when aircraft don’t use the call sign of the TWR. Suggested mitigations to overcome the confusion regarding which vehicle is calling from which airport are to use a prefix to the vehicles callsign/number that is exclusive for the aerodrome in combination with the enhanced voice com data presented on the VP (visual presentation). Placing of speakers in the room should be distinctly connected to the aerodrome and far away enough from each other in order to support the ATCO in distinguishing from where the call is made None of the ATCOs’ mixed geographical characteristics, and none experienced being not aware of an aerodrome. One ATCO experienced confusion by procedures, due to the lack of knowledge about these procedures in the beginning. One ATCO was once not aware of an aircraft, and once not aware of which aircraft belonged to which aerodrome at least once on the experiment day. This happened because of call sign confusion.

[bookmark: _Ref5789996][bookmark: _Toc22828963]Figure17 Situational awareness based on negative events.
The lack of external sound did not specifically impact the situational awareness of the ATCOs’ in a negative way. However, some ATCOs’ indicated that they use external sounds more than they would think, because it increases their SA.  The dedicated phraseology for use with multiple remote towers was clear and did not cause any misunderstandings. See Figure 18.

[bookmark: _Ref5968193][bookmark: _Toc22828964]Figure18 Situational awareness questions.
CRT-PJ05.02-V3-VALP-H02.010
CRT: ATCOs’ situation awareness is at an acceptable level
Except for one scenario the ACTOs considered the SA during the experimental trials to be at an acceptable level.
CRT-PJ05.02-V3-VALP-H02.020 
CRT: ATCOs’ can prioritise tasks
ATCOs’ indicated that they were indeed able to prioritise tasks.
CRT-PJ05.02-V3-VALP-H02.030 
CRT: ATCOs’ confirm that the user interface design supports a sufficient level of individual situation awareness
Side by side (left/right) logic was applied for the most of the tools and systems used by the ATCOs’ during the V3 validation. Integrated in this manner ATCOs’ found a very easy and helpful usage of the tools and systems. For instance, the aerodromes were side by side presented, PTT device with speakers in combination followed the same logic so this relief ATCOs’ communication with air/ground and vehicle traffic. Hence they appreciated this set up very much.
During debrief sessions ATCOs’ suggested that the speakers should be separated from each other as much as possible, based on their experience at the previous V2 validation for solution 2. The other suggestion was that distance between ATCOs’ working position and VP screens should not be to close due to ergonomic reasons (too many head turns). 
It would be very appreciated if certain aerodrome were always presented on the same side (left/right) in the VP within one MRTM. This will increase the situational awareness.
At least ATCOs’ did newer state that their SA was hampered due to the user interface.
CRT-PJ05.02-V3-VALP-H02.040 
CRT: ATCO maintain an adequate level of SA, despite having to divide their attention between several airports with different procedures and characteristics (geographical area, urban infrastructure, weather conditions etc.)
In the scenarios ATCOs’ controlled two different aerodromes on very different geographical locations (all within in Sweden). Therefore the scenario design ensured that different procedures and characteristics where offered to the ATCOs’ and still they rated good levels of SA for all scenarios. With one scenario rated a bit lower than the others. 
Conclusion on Situation Awareness:
ATCOs confirmed good level of situational awareness in all scenarios that were simulated in order for a safe ATS to be provided. Some remarks made, were that some ATCOs’ were a bit confused by the radio communication coming from different airports. This confusion was mostly from none crucial technical nature. The vehicle traffic communication became confused due to the speaker cables being too short, hence the distance between the speakers were not enough to help distinguish where the transmission came from.
The other factor contributing to this issue was similarity of vehicle call signs used during the validation scenarios. As we tried as much as possible to reflect the real traffic picture at the Swedish airports, all vehicles use the same number series depending on what type of vehicle it is.
In order to enhance their Situational Awareness some ATCOs’ would appreciate to hear the airport environmental sounds as aircraft engine noise etc.
HUMAN PERFORMANCE – WORKLOAD
OBJ-PJ05.02-V3-VALP-H04 Results
This section should provide, per SESAR Solution validation objective, a consolidated analysis of all the contributions of the different exercises that addressed the validation objective.
It shall provide a general analysis of the results expanding the summary captured in section 3.1, including rationale of the results, potential deviations with respect to the targets, possible reasons and relationship between the results and the applicable assumptions.
Note: Validation results can be structured by the author considering the specificities of each validation maturity phase e.g. reporting on different objectives within the same sub-section.
OBJ: Assess ATCO workload when providing ATS to multiple aerodromes
ATCOs’ rated their workload at an acceptable level at all scenarios, except for a trend that workload at scenario 3 (see Figure 19) was less acceptable. When they indicated that their workload was at an unacceptable level, this was due to too much traffic. When the workload is too high, it is impossible to split the airports. In scenario 3 the aerodromes from Kiruna and Visby were controlled with a mix of IFR and VFR. The scenario also was relatively long, and looked a lot like scenario 4, which was not rated as a scenario with unacceptable workload levels.

[bookmark: _Ref5968543][bookmark: _Toc22828965]Figure 19 Self-indicated level of workload for each scenario.
The Bedford Rating Scale was used to identify the ATCOs’ available mental capacity while executing their tasks. The scale encompasses a hierarchical decision tree that guides the ATCO through a ten-point rating scale (1 the lowest- 10 highest), where each point is accompanied by a descriptor of the associated level of workload. The figure representing the workload scale, describes the average results obtained throughout the six scenarios and the corresponding standard errors. The results for all scenarios are available in Figure 20.

[bookmark: _Ref5969116][bookmark: _Toc22828966]Figure 20 Level of workload indicated by the Bedford-scale for each scenario.
One ATCO stated explicitly that monitoring two movements on two airports gives more workload than monitoring four movements on one airport. Another one even stated that the workload rises rapidly when controlling multiple aerodromes. So even though workload was acceptable, it is important to stay alert on the fact that task load cannot be calculated in the same way as for single aerodrome operations.
Serving all aerodromes did not seriously impact their workload. One ATCO did expect that workload rises exponentially when serving multiple aerodromes (handling 2 movements on each of the two airports is more demanding than handling 4 movements on one airport), but another ATCO said that controlling two airports instead of one just costs a little bit more workload with the same amount of traffic.


[bookmark: _Toc22828967]Figure 21 Ratings on workload and operating methods.
CRT-PJ05.02-V3-VALP-H04.010 
CRT: ATCOs’ workload is at an acceptable level
When specifically asked about the acceptability of the workload level there was one scenario (3) of which ATCOs’ reported that the workload levels was not acceptable because the traffic load was too high.
Conclusion on Workload:
Workload (or available spare capacity) was rated as normal. When specifically asked about the acceptability of the workload level there was one scenario (3) of which ATCOs’ reported that the workload levels was not acceptable because the traffic load was too high. In the situation with increased traffic load neither a split of the aerodromes at a reasonable time to another MRTM could be applied or help from another ATCO to be enabled.

Figure 22: A first figure
HUMAN PERFORMANCE – ACCEPTANCE OF OPERATING METHODS / ROLES

The Controller Acceptance Rating Scale (CARS) was used to measure operational acceptability of the system. The scale encompasses a hierarchical decision tree that guides the ATCO through a ten-point rating scale (1 lowest- “improvement mandatory” - 10 highest “deficiencies rare”), where each point is accompanied by a descriptor of the associated level of acceptability. The scores are visualised in Figure 22. In case the choice of answer would have been 7 or below, pointing out minor or more severe deficiencies, the ATCOs’ were given the opportunity to elaborate their feedback. In this feedback the ATCOs’ indicated that several features and systems should improve, including the VP movement, the PTZ controls, procedures concerning the split of airports, extra buttons (e.g. “undo” or “home” or a digital checklist for emergencies) and the e-strip system. The latter needs more functionality, e.g. the possibility to put strips back into the dep list, tilting the strips, automatic sorting and VFR access points as quick fixes. 

[bookmark: _Ref5969793][bookmark: _Toc22828968]Figure 22 Operational acceptability of the system (CARS).
After each run, the ATCOs’ answered several questions regarding their workload and operating methods for controlling multiple aerodromes. The operating methods are not appropriate enough to control the required traffic volume at the all aerodromes in the test, since there was too much traffic.
The ATCOs’ did feel comfortable in giving instructions to simultaneous movements while providing service to all aerodromes simultaneously. The phraseology for use with multiple remote towers was clear. 
OBJ-PJ05.02-V3-VALP-H06 Results
This section should provide, per SESAR Solution validation objective, a consolidated analysis of all the contributions of the different exercises that addressed the validation objective.
It shall provide a general analysis of the results expanding the summary captured in section 3.1, including rationale of the results, potential deviations with respect to the targets, possible reasons and relationship between the results and the applicable assumptions.
Note: Validation results can be structured by the author considering the specificities of each validation maturity phase e.g. reporting on different objectives within the same sub-section.
OBJ: Assess ATCOs’ acceptance of operating methods when providing ATS to multiple aerodromes
CRT-PJ05.02-V3-VALP-H06.010 
CRT: ATCOs’ can apply operating methods in an accurate, efficient and timely manner
The operating methods (see also tech scenario descriptions) that were executed by the ATCOs’ were completed in time and were executed in an efficient way.  ATCOs’ reported that their workload was influenced in a positive way by efficient method, e.g. silent coordination, harmonisation of procedures over the airports. 

Figure 24: A first figure
OBJ-PJ05.02-V3-VALP-H07 Results
OBJ: Assess ATCO acceptance of roles and responsibilities when providing ATS to multiple aerodromes
CRT-PJ05.02-V3-VALP-H07.010 
CRT: Changes to ATCOs’ roles and responsibilities introduced by the remote tower concept are clear, consistent, stable and acceptable.
The ATCOs’ roles and responsibilities remain as clear, consistent, stable and acceptable as they are when controlling only one tower. The roles and responsibilities do not change, only the amount of areas in which the roles and responsibilities are executed multiply with each tower. 
OBJ-PJ05.02-V3-VALP-H08 Results
OBJ: Assess usage of the ATCO phraseology 
CRT-PJ05.02-V3-VALP-H08.010
 CRT: The phraseology is acceptable for the ATCO
The dedicated phraseology for operating multiple aerodromes was clear and workload of using the phraseology was acceptable.
Conclusion on Acceptance of Operating methods/roles:
In general the system is rated as acceptable, though a great deal of suggestions for improvement were made ranging from PTZ controls, better procedures to split, additional buttons , improvements to the Electronic Flight Strip (EFS) system, etc.

Idem as per OBJ-XXb.YY-Vv-VALP-001
HUMAN PERFORMANCE – USABILITY and UTILITY
OBJ-PJ05.02-V3-VALP-H11 Results
This section should provide, per SESAR Solution validation objective, a consolidated analysis of all the contributions of the different exercises that addressed the validation objective.
It shall provide a general analysis of the results expanding the summary captured in section 3.1, including rationale of the results, potential deviations with respect to the targets, possible reasons and relationship between the results and the applicable assumptions.
Note: Validation results can be structured by the author considering the specificities of each validation maturity phase e.g. reporting on different objectives within the same sub-section.
OBJ: Assess usability and utility of ATCO human machine interface when providing ATS to multiple aerodromes
According to the ATCOs’ involved in this test, the system was easy to use, the various functions were well integrated, there was not too much inconsistency in the system, they expected that the system would be quick to learn, they felt confident in using the system and were able to control all traffic, they visual display was accurate and reliable and they were able to focus on the aerodrome they were working on by emphasizing it on the visual display.



[bookmark: _Toc22828969]Figure23 Usability of the system.

The ATCOs’ were slightly positive about the colour coding integrated in the VP, ASD and Wacom Display (see Figure 23): on average they somewhat agreed that the colour coding of the aerodromes helped them to distinguish which aerodrome they were working with. Many ATCOs’ reported that they did not notice the colour coding at all. The distinction between left and right is more important for them.

[bookmark: _Ref5971605][bookmark: _Toc22828970]Figure 24 Functionality of colour coding of the aerodromes.
A number of open ended questions were added about trust and also related issues like the potential risk for human error. A high level summary of what the ATCOs’ wrote follows below. 
Basically ATCOs’ do trust the system though there is room for improvement. The procedure for splitting should become clearer and trained thoroughly. More effort should be put in splitting the audio of different aerodromes in a “logical way”. The traffic load in some of the scenarios was high, and would not be the load that can be handled on a daily basis. 
Reports were made about possibly being tired earlier. Strict rules for splitting might avoid ATCOs’ taking too much workload before deciding that splitting is necessary. Care should be taken that traffic density and complexity should not become too high / increase too rapidly because the ATCOs’ will have to split their attention. If not errors may be made. There is always the likelihood being confused or overlooking something, if one operates two aerodromes simultaneously compared to one.
The quality of the image in the simulated scenarios is according to a number of ATCOs’ not comparable to the real situation, therefore ATCOs’ made additional comments to the image quality and no firm confirmation that the image quality is good. One of them even said that the image quality in the simulator required a lot of PTZ inspections which would in reality be unacceptable.
CRT-PJ05.02-V3-VALP-H11.010 
CRT: ATCOs’ have all required information available
Being able to provide ATS in an efficient way with good SA is already an indication that the required information was available. One ATCO reported improvement needs to be able to handle VFR traffic efficiently. Increased training would support ATCO system understanding.
Right information in right time delivered and presented in right place helping ATCOs’ on providing ATS on two small sized aerodromes. There is always a risk of cluttered information with too much information presented as overlays. As a result of this, validation platform allowed ATCOs’ option to choose and present desired overlaid information.
One of the ATCO comment was related on overlaid information about wind indicators and ATIS information presented in the VP. Although information about wind variation was not integrated and presented in the VP steel presented information was identified as a very useful. 
"You are able to read the take-off clearance while looking at the aircraft at the same time."  
Information positioning helps ATCOs’ as a reminder and increase SA.
CRT-PJ05.02-V3-VALP-H11.020 
CRT: ATCOs’ confirm adequate usability of input devices
In order to minimize the risk of confusion which input device where and when to be used a minimum amount of input devices is appreciated by the ATCOs’. During the validation trials, pen for managing WACOM display and optical mouse were used and had been shown as sufficient in system managing.
One ATCO suggested standardising the usage of the optical mouse. This means that same functions should be initiated with the same command e.g. moving and zooming on the radar picture should be in the same way as in the VP view.
CRT-PJ05.02-V3-VALP-H11.030 
CRT: ATCOs’ confirm adequate usability of ATS-System
ATCOs’ found ATS – system easy to learn and to work with, and confirm that the integrated tools and functions are adequate for providing ATS to two small-sized aerodromes. 
CRT-PJ05.02-V3-VALP-H11.040 
CRT: ATCOs’ confirm adequate usability of alarms and alerts
An alert indication was visually presented in the WACOM display to warn the ATCOs’ in case when the runway was blocked by an a/c or vehicle. In this occasion the runway presented on Wacom display was framed with red rectangle and the ATCOs’ additional operational actions related to the runway were disabled.
No other alerts function was applied during the simulation. 
ATCOs’ suggested that an alarm could be applied in order to warn them when unexpected a/c enters the aerodrome control zone and some kind of warning signal when a part of the equipment is in malfunction e.g. radar picture freeze etc.
CRT-PJ05.02-V3-VALP-H11.050 
CRT: The human machine interface does not increase the potential for human error
All ATCOs’ provided some suggestions for potential human error. None of them stated explicitly that situations that they have experienced were clearly unsafe. Most relevant when implementing MRT is to make sure that no situations with unacceptable or rapid developing high task load can evolve.
CRT-PJ05.02-V3-VALP-H11.060
CRT: ATCOs’ confirm adequate usability of PTZ
ATCOs’ found the PTZ useful, not extreme but more than average. They also found the PTZ accurate, quick, and critical for ATS, and they appreciated the fixed positions. After all, usefulness of the PTZ can be confirmed.
CRT-PJ05.02-V3-VALP-H11.080 
CRT: ATCOs’ confirm adequate usability and trust of PTZ automatic tracking
The automatic tracking is considered useful, and no complaints about the reliability were made. Suggestions to improve the PTZ were given as well, for example to change the interface to make it more intuitive.
Conclusion on Usability and Utility:
The usability of the system is good. Though, comments that were made above under acceptability apply here as well.
ATCO’s found little inconsistency but found the system easy to operate and quick to learn. They were confident, they found the usability accurate. 


Figure 27: A first figure
HUMAN PERFORMANCE – TRUST
OBJ-PJ05.02-V3-VALP-H13 Results
This section should provide, per SESAR Solution validation objective, a consolidated analysis of all the contributions of the different exercises that addressed the validation objective.
It shall provide a general analysis of the results expanding the summary captured in section 3.1, including rationale of the results, potential deviations with respect to the targets, possible reasons and relationship between the results and the applicable assumptions.
Note: Validation results can be structured by the author considering the specificities of each validation maturity phase e.g. reporting on different objectives within the same sub-section.
OBJ: Assess ATCO trust in support systems when providing ATS to multiple aerodromes
ATCOs’ rated their trust in the system on a high level. All aspects were rated a 6 out of 7. 
The SHAPE Automation Trust Index (SATI) was used to provide an assessment of trust and usability of the system. The scale encompasses 6 questions rated on a Likert scale from 0-6, corresponding to answers from “never”- “always” (negative to positive). Answers indicate that the ATCOs’ thought the system was useful, reliable, and understandable and that it worked accurately and robustly. They were confident in using the system. See Figure 25.

[bookmark: _Ref5971668][bookmark: _Toc22828971]Figure 25 Trust and usability of the system (SATI).

Trust in the system was also measured by the level of familiarity. The ATCOs’ indicated that they felt trained in the system, and comfortable with the procedure and the associated system. In the open questions they indicated that it needs much more time to really feel comfortable or trained.

[bookmark: _Toc22828972]Figure 26 Familiarity of the system
 
[bookmark: _Toc22828973]Figure 27 Familiarity of the system.
CRT-PJ05.02-V3-VALP-H13.040 
CRT: ATCOs’ trust in reliability of alarms and alerts
There were not many alerts in the scenario nor any problems with understanding or responding to alerts.
Note that the only alert signal was indication when the RWY was blocked by an a/c or vehicle. In this occasion the RWY presented in the WACOM display was framed with red rectangle, preventing the ATCO to give operational orders to the other a/c or vehicles related to the same RWY.
CRT-PJ05.02-V3-VALP-H13.050 
CRT: The human machine interface does not increase the potential for human errors.
Due to standardised allocation and presentation of the system tools and functionalities ATCOs’ trust into the HMI was increased hence potential for human error was not increased.
CRT-PJ05.02-V3-VALP-H13.060 
CRT: ATCO trust the overlaid information
ATCOs’ found overlaid information useful, well integrated, not distracting and made work quicker.  
Due to a risk of cluttered information with too much information presented as overlays the system allows ATCOs’ to use either all overlaid information at once or optional usage of the overlaid information based on their own and instantaneous needs. ATCOs’ could choose between the following overlaid information:
· Visualisation of aerodromes layout: Aprons, Taxiways, Taxiways designator, Runway, Runway designator
· Met Report, ATIS information, UTC time, QNH value and airport name
· Wind information: direction and intensity (for RWY direction in use or for the both runway directions)
· Radar tracks presented as labels behind the a/c on ground or at the air
Overlays adding a frame around RWY and TWY were not used by some of the ATCOs’. They stated that you are aware about the aerodrome layout where you are working on.  
CRT-PJ05.02-V3-VALP-H13.070 
CRT: ATCOs’ rate the usability of automatic object tracking as adequate
This automaticity was considered useful, but not extremely useful. The researchers interpret that as that it is, in the perception of the ATCOs’ not necessary but nice to have.
During the final debrief after week 1 of the validation ATCOs’ confirmed that object tracking is nice to be available at the system, especially to identify vehicles at the aerodrome as well as a/c at the aerodrome or at aerodrome vicinity, but there is no need this functionality to be mandatory. 
CRT-PJ05.02-V3-VALP-H13.080 
CRT: ATCOs’ rate the usability of automatic object bounding as adequate
This automaticity was considered useful, but not extremely useful. The researchers interpret that as that it is, in the perception of the ATCOs’ not necessary but nice to have.
During the final debrief after week 1 of the validation ATCOs’ confirmed that object bounding is nice to be available at the system, especially to identify vehicles at the aerodrome as well as a/c at the aerodrome or at aerodrome vicinity, but there is no need this functionality to be mandatory. 
Conclusion on Trust:
ATCOs’ were confident about the system and though they indicated that they were well trained, they also wrote that much more training time is needed to really feel completely comfortable and well trained.

Figure 31: A first figure
SAFETY – GENERAL
Graphs regarding safety are presented in chapter 4.
OBJ-PJ05.02-V3-VALP-S01 Results
This section should provide, per SESAR Solution validation objective, a consolidated analysis of all the contributions of the different exercises that addressed the validation objective.
It shall provide a general analysis of the results expanding the summary captured in section 3.1, including rationale of the results, potential deviations with respect to the targets, possible reasons and relationship between the results and the applicable assumptions.
Note: Validation results can be structured by the author considering the specificities of each validation maturity phase e.g. reporting on different objectives within the same sub-section.
OBJ: Assess whether the levels of safety are maintained or improved under all normal conditions when ATS are remotely provided to multiple airports
CRT-PJ05.02-V3-VALP-S01.010 
CRT: The Safety Acceptance Criteria are satisfied (i.e. no increase of risk with respect to a situation in which ATC services are remotely provided by a controller to a single remote tower). 
Safety levels where at all times maintained while providing ATS to multiple aerodromes. ATCOs’ could deal with the amount of traffic volume during scenarios under all normal conditions.
 OBJ-PJ05.02-V3-VALP-S02 Results
OBJ: Assess whether ATS can safely continue to be remotely provided under external abnormal conditions
CRT-PJ05.02-V3-VALP-S02.010 
CRT: The Safety Acceptance Criteria are satisfied. 
All ATCOs’ suggested that a split of aerodromes is important when dealing with abnormal situations. Full attention on a situation is requested when dealing with an aircraft in distress. A split helps to avoid potential frequency jam from the other aerodrome.
An emergency situation was tested during the validation. A bird strike caused an engine failure to one of the aircrafts at one of the aerodromes and ATCOs’ had to deal with this during the traffic at the other aerodrome was maintained. Although ATCOs’ could cope with the situation, due to difference between real and simulated environment they prefer split of the aerodromes to the other module. 
During debrief session a question about which aerodrome ATCOs’ prefer to keep if split option is applied, they appointed that it depends on current traffic situation on the both aerodromes. The aerodrome with normal traffic can require more attention although an emergency situation had occurred to the other aerodrome. Besides this ATCOs’ agreed that aerodrome with emergency situation have to be in focus.
Idem as per OBJ-XXb.YY-Vv-VALP-001
OBJ-PJ05.02-V3-VALP-S03 Results
OBJ: Assess whether ATS can safely be remotely provided during degraded modes of operation
CRT-PJ05.02-V3-VALP-S03.010 
CRT: The Safety Acceptance Criteria are satisfied. 
Accomplishment of this safety criterion depends on ATCOs’ personal skills and experiences. Two different types of degraded modes were tested during the validation. During the first week a radar loss was applied while during the week 2 a camera failure was performed.
At the first test with radar failure ATCOs’ were also not able to set radar or visual tracks in the VP. There were one IFR flight and two VFR flights at the same time at the aerodrome when radar failure occurred. One of the ATCOs’ comment during this test was that he prioritise the IFR flight because VFR flights does not caused an extra effort to him. His explanation on this was that he can keep up in holding or out of CTR zone these two flights until the IFR flight is handled. 
During week two a camera failure was tested. One of the cameras positioned to cover a RWY threshold performed failure mode. Although this failure occurred during incoming traffic on final approach the safety was not impacted. PTZ camera was considered as a solution during this occasion. 
Idem as per OBJ-XXb.YY-Vv-VALP-001
SAFETY
OBJ-PJ05.02-V3-VALP-S04 Results
This section should provide, per SESAR Solution validation objective, a consolidated analysis of all the contributions of the different exercises that addressed the validation objective.
It shall provide a general analysis of the results expanding the summary captured in section 3.1, including rationale of the results, potential deviations with respect to the targets, possible reasons and relationship between the results and the applicable assumptions.
Note: Validation results can be structured by the author considering the specificities of each validation maturity phase e.g. reporting on different objectives within the same sub-section.
OBJ: Assess ATCO capability to provide ATC services in a safe manner to multiple aerodromes under all normal conditions
CRT-PJ05.02-V3-VALP-S04.010 
CRT: ATCO capability to identify and solve potential conflicts in a timely manner:
· In the vicinity of the aerodrome
· In the runway area
· On the manoeuvring area
ATCOs’ confirm that they are capable to identify and solve potential conflicts in a timely manner. The system tools usage as: ASD, VP, EFS, VCS, Workload Planning Tool, PTZ camera allows them identifying and solving potential conflicts in timely manner.
CRT-PJ05.02-V3-VALP-S04.020 
CRT: ATCO capability to identify and solve hazardous situations in a timely manner:
· Unstable approaches
· Bird strikes
· Aircraft not vacating RWY as expected
Not differences with Single remote Tower were identified regarding identifying and solving hazardous situations on timely manner. As it is mentioned above system tool usage contributed ATCOs’ to satisfy this safety criteria.
CRT-PJ05.02-V3-VALP-S04.030 
CRT: ATCO is able to distinguish with which aircraft, vehicle at which aerodrome the ATCO is communicating with 
Due to air frequencies (a/c in the air and ground) were coupled while ground frequencies (vehicle traffic) were separated, all subjects involved into the communication: ATCOs’, pilots, vehicle drivers had used an aerodrome designator all time during the communication. 
In order to improve communication distinguishing a colour coding was also applied. The lower and upper colour frames around VP screens were bold when communication was ongoing between ATCOs’ and pilots or vehicle drivers. When ground frequencies were in use a lower coloured frame around VP at the respective aerodrome had been bold while upper coloured frames were bolded when air frequencies at respective aerodrome were in use. When communication had been finished, bolded frames lasted additional ten seconds helping ATCOs’ to see from which aerodrome the last call came from.CRT-PJ05.02-V3-VALP-S04.040 
CRT: ATCO is able to distinguish with which sector the ATCO is communicating with.
CRT-PJ05.02-V3-VALP-S04.050 
CRT: ATCO is not inducing more conflicting situations than in the baseline.
Simultaneous ATC to two small size aerodromes with 20 simultaneous movements per hour did not induce more conflict situations than baseline.
OBJ-PJ05.02-V3-VALP-S05 Results
OBJ: Assess ATCO capability to perform specific procedures related to MRTM capabilities in a safe manner
CRT-PJ05.02-V3-VALP-S05.010 PARTIALLY OK
Suggested mitigation SPLIT of the 2 ADs into two MRTMS or a decrease of traffic volume
CRT: ATCO is able to foresee traffic at her/his MRTM at short term in order to avoid overloads.
The fact that ATCOs’ were ahead of the traffic shows they were able to foresee the traffic at their MRTM. Radar data, the electronic flight strips and workload planning tool were used in order to help ATCOs’ to foresee the traffic. ATCOs’ comment on workload planning tool were that this should be considered as a long term planning tool. Although the workload planning tool comprises information about inbound and outbound traffic, VFR flights, EFS, the lack of knowledge how this tool could be used was appointed.

Idem as per OBJ-XXb.YY-Vv-VALP-001
OBJ-PJ05.02-V3-VALP-S06 Results
OBJ: Assess ATCO capability to cope with / manage abnormal situation in a safe manner
CRT-PJ05.02-V3-VALP-S06.010 
CRT: ATCO is able to identify and manage abnormal situations (e.g.): 
· Unknown flight
· Aircraft emergency
· Crash on an airport or its vicinity
· Fire on an airport
· Unplanned closure of an airport
ATCOs’ were able to identify and manage abnormal situation in a safely manner. Depending on severity of situation either a split of non-affected aerodrome to another module was proposed or another spare ATCO can support abnormal situation to be handled.
OBJ-PJ05.02-V3-VALP-S07
OBJ: Assess ATCO capability to cope with / manage degraded modes and recover from them in a safe manner
CRT-PJ05.02-V3-VALP-S07.010
CRT: ATCO is able to detect and recover from a failure occurring at one of the airports affecting (e.g.):
· Communication
· Visualisation System
· Other airport systems/infrastructure
During the validation, two different types of degraded modes were performed, ASD loss and camera failure. Depending on situational complexity a few solutions could be taken into account: split of the airports to another MRTM, situational support by the spare ATCO, and traffic stop at one of the airports. ATCOs’ personal skills, operational experiences, traffic volumes, current operational conditions, system tools etc. had an impact on which solution will be applied.  
This degraded mode did not caused more challenge for ATCOs’ than bad meteorological conditions with low visibility. If some of the solutions are available, ATCOs’ commented that they will apply one of them just to be sure in case if something unpredictable appears. 
CRT-PJ05.02-V3-VALP-S07.030
CRT: ATCO is able to detect and recover from a failure in the MRTM affecting (e.g.):
· Communication
· Visualisation System
Idem as per OBJ-XXb.YY-Vv-VALP-001
CAPACITY
OBJ-PJ05.02-V3-VALP-CA1 Results
This section should provide, per SESAR Solution validation objective, a consolidated analysis of all the contributions of the different exercises that addressed the validation objective.
It shall provide a general analysis of the results expanding the summary captured in section 3.1, including rationale of the results, potential deviations with respect to the targets, possible reasons and relationship between the results and the applicable assumptions.
Note: Validation results can be structured by the author considering the specificities of each validation maturity phase e.g. reporting on different objectives within the same sub-section.
OBJ: Assess capacity constraints when providing ATS to multiple aerodromes
CRT-PJ05.02-V3-VALP-CA1.010 
CRT: Assess capacity constraints when providing ATS to multiple aerodromes (in terms of simultaneous movements, up to 5)
ATCOs’ confirm that they could handle the traffic presented at all times. There were up to 6 simultaneous movements and they were never regarded as too many.


Figure 32: A first figure
COST EFFICIENCY
OBJ-PJ05.02-V3-VALP-CE1 Results
This section should provide, per SESAR Solution validation objective, a consolidated analysis of all the contributions of the different exercises that addressed the validation objective.
It shall provide a general analysis of the results expanding the summary captured in section 3.1, including rationale of the results, potential deviations with respect to the targets, possible reasons and relationship between the results and the applicable assumptions.
Note: Validation results can be structured by the author considering the specificities of each validation maturity phase e.g. reporting on different objectives within the same sub-section.
OBJ: Assess the staff required for providing ATS to multiple aerodromes
The ATCOs’ were able to provide ATS in an efficient manner during all but one scenario. During scenario 3 (and also 5) the ATCOs’ tended to neither agree nor disagree with on whether the ATC was indeed efficient in this scenario. ATCOs’ indicated that they considered the ATS as given in this setting to be (cost) efficient (see Figure 28).

[bookmark: _Ref5972704][bookmark: _Toc22828974]Figure 28 Cost efficiency of the system. / Efficient manner to provide ATS.

ATCOs’ often indicated that there was not that much traffic, or that the amount of traffic was too much. Several ATCOs’ indicated that they worked in the same way as they would have done in single ops. “If you follow all inputs that you have on disposal there is no problem to be efficient.” One ATCO indicated that “It did not work out as planned so unnecessary delays happened. If you plan some tight schedule on one airport and you get distracted by something on the second airport the whole plan is gone”.
CRT-PJ05.02-V3-VALP-CE1.010
CRT: ATCO can provide ATS to x number of aerodromes at a time
ATCOs’ thought that the system is (cost) efficient. After that a number of remarks were made about that sometimes traffic load was low and later that traffic load was too high. The researchers wonder whether the predictability of the traffic load, and there with the workload, may be something to improve, for example by applying dedicated planning tools.
The ATCOs’ kept requested capacity for 2 simultaneous aerodromes at all time. There was up to 20 movements per hour in total.
Parameters overview analyse 
This section shall capture all conclusions that are related to concept clarification and operational feasibility of the SESAR Solution that can be extracted from this validation exercise.
These conclusions need to be consolidated at SESAR Solution level in section 5 together with those extracted from other activities on the same SESAR Solution.
Traffic volume
The ATCOs’ were able to handle 20 movements per hour and up to 4 simultaneous movements. ATCOs’ solutions on traffic lead to up to 5 simultaneous movements at occasions, mostly by keeping VFR traffic on downwind or similar.
Traffic complexity
Over all scenarios, all ATCOs’ were able to provide ATS and handle all VFR and IFR traffic situations at both aerodromes. One participant disagreed, and gave the following reasons: number of simultaneous movements, total traffic load and emergency phase.


[bookmark: _Toc22828975]Figure 29 Ability to provide ATS and handle all traffic.
The ATCOs’ were able to handle all environmental conditions well (see Figure 30). Other environmental conditions that influenced their ability to provide ATS were: different local procedures at different aerodromes, waiting for arriving traffic to ask for "dim", lack of radar and tracking. Different weather conditions were not distracting during these scenarios, but could influence one’s ability to provide ATS.

[bookmark: _Ref5973199][bookmark: _Toc22828976]Figure 30 Ability to provide ATS and handle all environmental conditions.

Traffic distribution
In all 6 scenarios traffic distribution was even. Even distribution did not cause any issues for the ATCOs’ and they were able to handle all traffic during all scenarios.  Aerodrome layout had a large impact on ATCOs’ capacity, backtracking at Linköping/SAAB aerodrome demanded more efforts by ATCOs’ in providing ATS to multiple aerodromes.
Operational modes
Normal and abnormal conditions were able to handle by the ATCOs’ as well as degraded modes.
The ATCOs’ were able to handle the abnormal situation: engine failure caused by bird strike was simulated. Although the ATCOs’ could cope with this emergency situation, they were consenting that split of the aerodromes should be done or additional help by other available ATCO to be provided. On this way unpredictable situation would be disabled. 
The ATCOs’ were also able to handle the degraded modes. Separately, a radar loss and camera failure was tested. Some of the ATCOs’ do not use the radar in their working positions. During the test one of the ATCOs’ stated that traffic volume in the summer period is quite larger than the simulated traffic and he is steel able to provide a safe ATS. 
Camera failure did not cause specific issues for the ATCOs’. Although the camera was placed at the runway threshold, during IFR flight was in the final approach phase, they steel could keep their situation awareness and safety level with help of the other system tools and functionalities e.g. ASD, EFS and independent PTZ camera.
Not particular efforts had been demanded by the ATCOs’ during degraded modes.
Runway conditions
A different runway conditions were tested during V2 trials. Based on results achieved regarding this, all ATCOs’ could handle a different runway conditions. During V3 maturity phase, this was not tested.

 Runway directions
All scenarios were paired, either with diverging or similar RWY directions with similar scenarios. This was not seen as an issue. During debrief sessions ATCOs’ stated that this has no significant impact on capacity. It is more the aerodrome layout that affects their workload. One of the ATCOs’ proposed that difference in runway directions for paired aerodromes into one MRTM to not exceed 90 degrees.
Wind Conditions
Wind conditions at the aerodromes did not affect ATCO workload.
Note: No extreme wind conditions were tested.
Visibility conditions
Weather change in scenario 2 and scenario 4 was not possible due to the simulator not be able to simulate weather change during the actual scenario runs so that not different visibility conditions were simulated.
Time of day
During the V3 validation phase, only daylight conditions have been tested due to V2 validation phase had shown that ATCOs’ were capable to provide ATS at different period of the day (dark/light etc.).
Analyse of technical systems
This section shall capture all conclusions related to technical feasibility of the SESAR Solution that can be extracted from this validation exercise.
These conclusions need to be consolidated at SESAR Solution level in section 5 together with those extracted from other activities on the same SESAR Solution.

Visual reproduction
[image: ]
[bookmark: _Ref5973343][bookmark: _Toc22828977]Figure 31ATCO appreciation of the Out Of the Window view.
During validation trials, ATCOs’ had a possibility to adjust the VP view angle according to their own needs. A variety of different view ranges have been proved and range between 205 and 250 degrees had been shown as a most used.
Overall, the visual reproduction of the system was evaluated positively (see Figure 32). All aerodromes were accurately shown on the visual display, the image quality was sufficient to perceive airborne movement, a/c ground movement and vehicle ground movement, the contrast and the compressed VP view were acceptable, the available view was sufficient and the screen size was accurate. The ATCOs’ did not experience eye strain, and were able to maintain visual surveillance of the aerodrome and its vicinity. The only negative indicator was that the image quality (of the VP-screens) was not better in relation to the view provided in the conventional tower.

[bookmark: _Toc22828978]Figure 32 Ratings regarding visual reproduction, overlays, abnormal scenarios, PTZ camera and ATS systems.
The image quality was not sufficient for watching A/C ground movement, A/C airborne movement and vehicle ground movement, because the resolution was too poor to see points far away (more than five miles out) from the tower.
One ATCO indicated that the screen size was inadequate: higher resolution is needed so the screen size might be ok with higher resolution.
The image quality (of the VP-screens) was not better in relation to the view provided in the conventional tower, because the image quality of the simulator is worse than one’s own sight.
The ATCOs’ did not perceive any risks due to visual reproduction, although the image quality and field of view are (and should be) much higher in real life. Special care should be taken when choosing the operating monitors (for the VP and radar displays) to reduce eye strain.

Zoom in and zoom out functionality integrated in the VP allowed easier surveillance availability on desired aerodrome surfaces: RWY, TWY, Apron etc. and it was evaluated very positive by the ATCOs’. The functionality was deemed accurate and could be trusted, the reduction in view angle while zooming in on runway did not hamper in providing ATS, the tool was useful, well integrated and supported the ATCOs’ in accomplishing their tasks more quickly, supported in critical aspects and is a must-have to provide ATS for multiple aerodromes. Zooming in on the runway was not distracting.

[bookmark: _Toc22828979]Figure 33 Ratings regarding the “zooming in/out functionality.
One ATCO thought that zooming in on the runway was distracting, because too much field of view is lost and when zooming out the view does not return to the original spot. The availability of the zooming function was appreciated most to check if vehicles or A/C have left the runway or crossed the holding point line.
During debrief session ATCOs’ suggested that VP’s zoom/pan functionality should have a default position (go back to original) that is either easy to return to, or automatically returns to default position which ATCOs’ had adjusted in advance on his/her personal needs. 
A suggestion for the VP steering beholds that after releasing the middle button, the view should go back to where it was before.
The ATCOs’ were positive about the visual optical tracking. They thought the tool was useful, well integrated and not distracting. It also helped them accomplish their tasks more quickly.

[bookmark: _Toc22828980]Figure 34 Ratings regarding the Visual Optical Tracking.
 
The availability of the visual optical tracking would be appreciated to follow and emergency aircraft to see if the situation gets worse. One ATCO suggested integrating the PTZ auto tracking through Visual tracking. 


Object bounding
Object bounding was applied during the V3 validation. This feature was optional for the ATCOs’ and feedback on this was positive. It helps the ATCOs’ identifying moving objects at large distances. 
During debrief session ATCOs’ stated that this feature could be very helpful at the aerodromes with higher traffic level but it should be taken into consideration the fact that this can cause bounding of many moving objects, which are not of interest for the ATCOs’ e.g. moving cars at the aerodrome parking etc. 
All aerodromes showed
The ATCOs’ rated the side by side presentation as useful. Each aerodrome was presented with a 330 degree presentation with possibility ATCOs’ to adjust this view on their personal needs. VP was pan-able to the right or left and also zooming in/out function was applicable. Height presentation used was 45 degrees captured from the already implemented single remote tower presentation.
Overlays
The ATCOs’ rated the available overlays as helpful. Due to all overlays in total has a risk to clutter the image the system allowed the ATCOs’ optional usage of desired overlays.
Runway and Taxiway
Airport map was fully implemented. It was developed for all aerodromes and their usage was optional for the ATCOs’. Comments in debrief showed that this option is nice to have but not crucial in providing safe ATS. 

Met data
The ATCOs’ were positive about the overlays: they ware useful, well integrated and not distracting. It also helped them accomplish their tasks more quickly. Finally, the MET information as overlay was easily distinguishable for each aerodrome.

[bookmark: _Toc22828981]Figure 35 Ratings regarding the MET information overlays.
The overlays with the runway names and taxiway names are useful, although this could be limited to the runway in use. Another ATCO states the opposite: this information should be known by hard, which makes reading the names distracting.
One ATCO suggested that the MET overlay stating the Airport name/QNH/ATIS information should be moveable, because it can sometimes be hard to see because it is divided by monitors (depending on the view direction of the VP). Being able to change opacity would be nice. The functionality to look through the VP towards the a/c and RWY is an improvement of the real-life situation. MET overlay should have an indication for wind variation, e.g. with a yellow backslash. It is suggested to use normal colour coding for the MET window, but yellow colours are preferred when there is a variation of more than 60 degrees.
Regarding the MET information, cardinal directions and the RWY-TWY edge, the first was considered to be the most useful overlay.

[bookmark: _Toc22828982]Figure 36 Percentage of ATCOs’ who found these three overlays useful for each scenario.
 
However, when looking into the answers regarding the cardinal directions overlay, all ATCOs’ were unanimously positive about this tool.

[bookmark: _Toc22828983]Figure 37 Percentage of ATCOs’ who found these three overlays useful for each scenario.
 
The availability of the cardinal directions overlay was appreciated most when giving the cleared to land instruction.
Radar tracking
Radar tracking was optional feature for the ATCOs’ during this V3 validation. Call sign, altitude and destination were presented. ATCOs’ feedback on this was nice to have but not mandatory. Overall impression was that object bounding was more helpful, especially when aircrafts are much far away into the tower control zone. Radar tracks can increase the risk for information cluttering.
PTZ
PTZ was used more in the beginning of the trial compared to in the last scenarios, this partly due to the nature of curiosity with new tools and features.

[bookmark: _Toc22828984]Figure 38 PTZ analyse
The PTZ camera was perceived as positive. The lowest rating (though still positive) was for the interface. Given the number actions that need to be executed in order to start PTZ, zoom in/out at the desired position, etc. is quite understandable that ATCOs’ rate this aspect of the PTZ as relatively low. More important is that in general the PTZ turns out to be a well appreciated tool.
The PTZ camera has been used in all scenarios, but 60% of the ATCOs’ did not use this tool at all during scenario 2 and scenario 4 (see Figure 39). Reasons why the ATCOs’ did not use the PTZ include that it is too time consuming, no situation demanded that tool, and the tool did not work properly during several trials/ runs.

[bookmark: _Ref6575357][bookmark: _Toc22828985]Figure 39 Percentage of ATCOs’ who used the PTZ camera for each scenario.

The PTZ function appears to be more useful in the 5th scenario than in the 2nd. Around 20% of the participants found the PTZ confusing. The automatic PTZ tracking was optional function for the ATCOs’. Due to the lack of knowledge and complexity how this function could be started via system its usability was not exploited enough. Despite limited utilization about 20% of the ATCOs’ rated the automatic PTZ tracking as highly appreciated feature.
The PTZ could be especially useful to check if a/c and vehicles had left the runway, to enlarge some parts of the airport that are hard to see, to follow an arriving aircraft with an emergency or to find specific targets.


[bookmark: _Ref6575385][bookmark: _Toc22828986]Figure 40 Percentage of ATCOs’ who found the PTZ camera or optional automatic tracking useful or confusing
 
Overall, the PTZ was evaluated neutral or slightly positive (see Figure 41). The tool was somewhat accurate and could be trusted and was slightly useful for executing the tasks. It did not really help the ATCOs’ accomplish their tasks more quickly, and it did not reduce unproductive time. They did neither agree nor disagree with the following statements: “Without automatic PTZ it will be difficult to provide ATS to multiple aerodromes” and “The PTZ replaces the binocular sufficiently (when it is combined with the zooming in on runway function)”. The ATCOs’ did feel a bit supported in critical moments and some thought it could be a must-have to provide ATS to multiple aerodromes. The interface was not really acceptable, but the fixed PTZ positions were useful.


[bookmark: _Ref6575434][bookmark: _Toc22828987]Figure 41 Ratings regarding the pan-tilt-zoom camera.
The ATCOs’ indicated that they would typically use the PTZ camera for monitoring arriving aircraft, monitoring aircraft at RWY/TWY, vehicles used for aerodrome surfaces inspection and especially when some reparation on the aerodrome air side is needed (see Figure 42). Other tasks indicated were to monitor emergency a/c or vehicles on the runway and tasks that are now executed by using binoculars (e.g. to check for birds). The PTZ could be used to temporarily replace a malfunctioning camera.


[bookmark: _Ref6575474][bookmark: _Toc22828988]Figure 42 Typical tasks to use the PTZ camera.

Opinions about whether the PTZ could replace the binoculars were divided (see Figure 43). ATCOs’ who thought they would use the PTZ more often than the binoculars gave the following reason: it is easier to use and to focus on the exact point (like a highlight).
 
[bookmark: _Ref6575502][bookmark: _Toc22828989]Figure 43 Use PTZ more / less often than binoculars.
Note: Many of functions which could be provided by the PTZ camera were not used by the ATCOs’ due to too little training before the validation. PTZ interface was identified as a complicated and difficult to use so that ATCOs’ required an easier way for camera initiation. It will be very helpful if one click can initiate PTZ function.  
ATS systems
Almost all ATS systems were presented side by side following the VP presentation. ASDs for each aerodrome had integrated met repot and the ATCOs’ workload planning tool for respective aerodrome and sound speakers with separated ground frequencies transmitted separately on the left or the right speaker depending on from which aerodrome called was initiated. Air frequencies were coupled and transmitted through both the ATCOs’ headset and sound speakers. 
Although only one Wacom and VCS display had been used, side by side presentation was also applied. Handling with EFS, navigational aid and aeronautical lighting through Wacom display was allowed. At the VCS display air and ground frequencies for each aerodrome had also been presented side by side. 
Air surveillance
Two ASDs had been used by the ATCOs’ for air surveillance. ASDs were placed separated side by side in the ATCOs’ CWP, colour coded following the VP presentation.
 Electronic flight strips (EFS)
Overall, the principle of using electronic flight strips was evaluated positively and more efficient than paper based strips, see also Figure 44. Though UI improvements are desired, for example more clarity between inbound and outbound flights, or to create an option to retrieve already dragged strips. Also a suggestion is include flight plans (at least for the next 15 min). 

[bookmark: _Ref6573932][bookmark: _Toc22828990]Figure 44 Ratings regarding the Electronic Flight Strips.
One ATCO commented that the integration of Aerodrome control in the same screen is useful but not so important. Buttons could be added to quickly turn all the lights on, and to dim the lights for app and runway separated.
During debrief ATCOs’ appointed that EFS representing the flights with similar call sign can very easily confuse them. It will be very easier if drag and drop function can be replaced by simple click on the aircraft call sign. Another suggestion was that presentation of parking position will be nice to have in the EFS. 


Com systems
Com system had air frequencies for both aerodromes coupled with audio in headset and speakers. Ground frequencies were always decoupled and sound only in speakers. Input device for both air (this includes a/c on ground too) and ground was transmitting with PTT. 
The com-system was enhanced with a connection to the VP. Calls on air/ground were colour coded. Depending on where the call coming from upper or lower colour coded frame was bolded on respective aerodrome.  After communication the bolded frame last additional ten seconds. ATCOs’ proposed that in the situations when two different frames are bolded, the first initiated frame should be fading.
The communication systems were evaluated positively: they were deemed reliable, accurate and not confusing, the phraseology was clear and the ATCOs’ knew with which aircraft and airport they were communicating (see Figure 45). Note that one ATCO commented that the phraseology may not be used as precise in the reality as today in the simulator, and that that may lead to confusion. Only the communication with ground vehicles was sometimes confusing, and might be even more difficult in real life. One ATCO suggested new phraseology for the ground vehicles: a suffix should be added for a particular airport or all vehicles at Kiruna should start with a 1 for example, ESSV 2 etc.

[bookmark: _Ref6575583][bookmark: _Toc22828991]Figure 45 Ratings regarding the communication systems.
ATCOs’ planning tool

The availability of the ATCO planning tool was appreciated most in knowing the future amount and ratio of arrivals and departures, which gives you the opportunity to prepare yourself for this. However, the workload depends on the airport layout, so this should be taken into account.

[bookmark: _Ref6575716][bookmark: _Toc22828992]Figure 46 Ratings regarding the ATCO planning tool.
Eye tracking analysis 
During the experiment trials PJ 05 02 v3 including scenario 1 – 5, an explorative eye-track study was conducted by deploying a head-mounted eye-tracker (Ergoneers). Data from two ATCOs’ during scenario 1 to 3 and data from one ATCO during scenario 4 and 5 was collected. The aim of this study was to research the added value of including eye tracking in this type of validation exercises. The data are therefore indicative. Each scenario consisted of seven areas of interest (see Figure 47). 
[image: ]
[bookmark: _Ref6576740][bookmark: _Toc22828993]Figure 47 Definition of Areas of Interest (AOI).
The results of the eye tracking analysis consists one eye-derived metric, namely the AOI Attention Ratio. This is the percentage of eye glances at the area of interest (AOI) in the selected time interval.
First, the scenario consisting of an emergency (i.e. SCN5) was analysed. The AOI Attention Ratio between the period before the emergency[footnoteRef:1] and during the emergency[footnoteRef:2] was compared. During the emergency on the right-presented aerodrome, the ATCO decided immediately to split the two aerodromes and asked his supervisor to take over control at the left-presented aerodrome. The result shows that the ATCO has less attention for the left aerodrome during the emergency. However, the following trend appears also. During the emergency, the attention of the ATCO focused more on his VP, EFS and VCS and less on his radar compared to before the emergency. See Figure 48 and table 14 for more details. [1:  also exported to a video file]  [2:  also exported to a video file] 

	 
	AOI Attention Ratio (in %)

	Area of Interest (AOI)
	Non-emergency*
	Emergency*

	EFS Left
	27.7
	3.1

	EFS Right
	25.6
	38.1

	VP Left
	14.9
	0.7

	VP Right
	11.7
	36.4

	Radar Left
	4.2
	0.4

	Radar Right
	2.4
	1.6

	VCS
	0.6
	1.9


[bookmark: _Toc22829147]Table 14. Attention Ratio (in %) of each AOI

[bookmark: _Ref6578729][bookmark: _Toc22828994]Figure 48 Attention Ratio (in %) plotted against AOI.
Second, four different sums of time intervals within scenario one to four and compared their AOI Attention Ratio were analysed:
1. Sum of all time intervals where the ATCOs’ were handling traffic on only one aerodrome
2. Sum of all time intervals where the ATCOs’ were handling traffic simultaneously on two aerodromes
3. A specific time interval within scenario four which has heavier traffic volume (compared to scenario one to three) where the ATCO was handling traffic simultaneously on two aerodromes[footnoteRef:3].  [3:  also exported to a video file] 

4. Sum of complete scenario one to four
The result shows that the ATCOs’ have more attention for their EFS (53.2%) and less attention for their radar (3%) during heavier traffic volume compared to less heavy traffic volume (35.4% EFS and 8.7% radar) while handling traffic simultaneously on two aerodromes. Attention Ratio for VP and VCS does not appear to be affected. However, a sort of reversed trend appears during handling traffic on two aerodromes compared to only one aerodrome. Result shows that the ATCOs’ have less attention for their EFS (35.4%) and more attention for their VP (32.4%) and radar (10.8%) during handling traffic on two aerodromes compared to handling traffic on only one aerodrome (39% EFS,  27.3% VP and 8.7% radar). Attention Ratio for VCS does not appear to be affected. See Figure 49 and Table 15 for more details. 

[bookmark: _Ref6579114][bookmark: _Ref6579110][bookmark: _Toc22828995]Figure 49 Attention Ratio (in %) plotted against AOI.

	 
	AOI Attention Ratio (in %)

	Area of Interest (AOI)
	Handling traffic on one airport***
	Handling traffic on two airports***
	Heavier traffic volume while handling traffic on two airports**
	Total SCN1-4

	EFS Left
	18.9
	16.2
	24.9
	16.2

	EFS Right
	20.1
	19.2
	28.3
	18.6

	VP Left
	12.6
	15.8
	11.1
	15.4

	VP Right
	14.7
	16.6
	16.9
	17.7

	Radar Left
	3.4
	4.5
	2.1
	4.1

	Radar Right
	7.4
	4.2
	0.9
	4.8

	VCS
	0.2
	0.1
	0.0
	0.1


[bookmark: _Toc22829148]Table 15. Attention Ratio (in %) of each AOI.
During heavier traffic volume ATCOs’ tend to be focused more on their EFS than their radar. When handling traffic simultaneously on two aerodromes ATCOs’ tend to be more focused on VP and radar and less focused on their EFS. During an emergency the attention of the ATCOs’ focused more on their VP, EFS and VCS and less on their radar.
More ATCOs’ are needed to perform statistical analyses and more time and effort is need to define more results related to other metrics (e.g. questionnaires or blink rate).

Unexpected Behaviours/Results
Here a list of Problem Reports identified in the context of these Validation Exercises preparation, execution or analysis should be given. 
Note: Unexpected results and behaviours must be reported immediately through the raising of a Problem Report and should be documented well as they might have significant consequences at programme level (e.g. identification of showstoppers or impact on dependent validation exercises).
For example the validation exercise could not be performed as planned because the aircraft did not fly in the exercises as planned due to reasons [...] or an unexpected negative impact on environment [...].
No showstoppers were encountered in the validations.
Confidence in Results of Validation Exercise EXE-05.02-V3-002 – COOPANS
Level of significance/limitations of Validation Exercise EXE-05.02-V3-002 – COOPANS Results
The document shall justify in this section why validation results obtained in the validation exercise are sufficiently representative to be later on integrated at SESAR Solution level.
The VALR shall explain to what extent the obtained validation results obtained in this specific validation exercise can be extrapolated to a higher level e.g. to those operational environments in Europe that are associated to the corresponding sub-operating environment of the SESAR Solution that has been addressed in the exercise.
This section shall capture any potential limitation impacting the representativeness of the results obtained in the validation exercises e.g. not sufficient controllers participating in the validation exercises, simplified environment, non-nominal conditions not considered, etc..
Assumptions made in section 3.2.3 may have an impact on the representativeness of the validation results.
See chapter 4.3.1 for Level of significance/limitations of Validation Exercise Results
Quality of Validation Exercises Results
This section describes all issues concerning the quality of the results achieved in the Validation Exercise 1. In that regard quality could refer to both the accuracy of results and the confidence in the results, which might be influenced by decisions, constraints, and assumptions made at exercise level. 
See chapter 4.3.1.1 for Quality of Validation Exercises Results
Significance of Validation Exercises Results
Significance of the results refers to statistical and operational significance. Statistical significance will be based on the number of independent variables of the different Validation Exercise and the number of exercise runs carried out. Operational significance concerns operational realism of the different Validation Exercises which depends on a number of factors which are very much dependent on the chosen environment.
See chapter 4.3.1.2 for Significance of Validation Exercises Results
Conclusions
This section gives a summary of the conclusions raised by Validation exercise 1 results analysis. It argues and prepares the recommendations.
The sub-sections below are indicative and the project can add additional ones if required depending on the scope of validation exercise 1.
Conclusions on technical feasibility
· Systems integrated in the CWP reduced the number of areas to work with. There is a balance between integration of information and risk of cluttering which has to be considered.
· A limited amount of input devices for all systems is appreciated.
· E-strip integrated for two aerodromes supported ATCOs’ with a reduced level of manual inputs to flight plans or updates of information, all impacting the capacity.
· ATCOs’ planning tool has a possibility to support their capability to predict traffic evolution.
· Automatic PTZ was useful but not a must. The pre-set locations for the PTZ were more useful. This more advanced system showed that training is important prior to the validations as the ATCOs’ were used to conventional towers. 
· Showing radar labels in the visual presentation as well as object bounding was useful.
Note: Some of the feedback is related to the technical aspect of features new for the subjects. Proper training is part of unit endorsement in a RTC.
Conclusions on performance assessments
Validation results per KPA and Transversal area that can be extracted from this validation exercise: Capacity, efficiency, predictability, safety, security, etc.
These conclusions need to be consolidated at SESAR Solution level in section 5 together with those extracted from other activities on the same SESAR Solution.
Results show that capacity of in total 20 movements can be handled in Multiple mode. This enables deployment of the concept for aerodromes with 5 to 15 movements per hour depending on distribution over the aerodromes paired together. Goal was to keep requested level of capacity for small environment aerodromes without delays for commercial traffic or a need for change of traffic schedules due to staggering needs of traffic between the aerodromes. A safe service is a must wherefore safety was the key area to measure in questionnaires. The only deployed solution when validations occurred is Single Remote Tower for small and medium density aerodromes.
Capacity could be maintained during the validations indicating that one ATCO controlling each aerodrome can in Multiple mode be replaced by one ATCO controlling 2 simultaneous aerodromes.
Recommendations
This section contains recommendations that can be extracted from exercise 1 results (either for following validation exercises at the same Vx phase, or for the next maturity phases or close out of V3, and then to industrialization and deployment phases).
These recommendations need to be consolidated at SESAR Solution level in section 5 together with those extracted from other activities on the same SESAR Solution.
The recommendation is to further describe Multiple Remote Tower for small environment aerodromes at a detailed level depending on local circumstances.
· Automatic PTZ reduces ATCO workload. Pre-set zoom locations shortened ATCO time to get the PTZ to the requested position, e.g. RWY end, TWY or short final.
· Aerodrome layout complexity affects workload and should be considered while pairing two aerodromes in Multiple mode.
· Side by side presentation following through all equipment supported ATCOs’ awareness on which aerodromes they were working with. These also include sound speakers presented on each side of the ATCO. Colour coding was questioned with varying results as ATCOs’ stated that it was doable without but did not want to get rid of it.
· Electronic flight strips is a must in Multiple environment with 20 movements as the digital strips enables a decrease in workload due to the possibility to develop automatic functionality as well as silent coordination. EFS have a positive impact on situational awareness.
· The Range 205 to 250 degrees in viewing angle together with 45 degree in lateral view was sufficient to provide ATS to multiple aerodromes. Pan functionality is important to access the remaining part of the CTR for weather observations and dealing with specific traffic situations.
· Zoom in/out directly in the VP allowing time shortage when some particular points at the aerodrome or its vicinity have to been supervised. Radar coverage has an impact on this part.
· Eye tracking data suggests that attention is divided in a different way depended on traffic type or number of A/C per aerodrome. This type of information can be used for dedicated CWP design for (multiple) Remote Tower Operations.
This section contains recommendations that can be extracted from exercise 1 results (either for following validation exercises at the same Vx phase, or for the next maturity phases or close out of V3, and then to industrialization and deployment phases).
These recommendations need to be consolidated at SESAR Solution level in section 5 together with those extracted from other activities on the same SESAR Solution.




[bookmark: _Toc498523715][bookmark: _Toc22829107]Validation EXE.05-02.V3.003 - Indra Results
1. [bookmark: _Toc5974676]Summary of the Validation Exercise #003 Plan
If not deviation has been found with respect to the VALP, this section can be completed with a generic sentence “As in the VALP project XXb DYY.”.
The objective of this exercise was to assess the ATCO capability when providing ATS to three aerodromes at a time from an integrated Controller Working Position. The ATCO covered the roles of Clearance Delivery, Ground Controller and Tower Runway Controller for the three aerodromes simultaneously.
The validation addressed the situation awareness, maximum total amount of traffic per hour in a Multiple Remote Tower Module (MRTM) and maximum simultaneous movements handled by the ATCO.
1. [bookmark: _Toc5974677]Validation Exercise description, scope
As described in the Validation Plan, the three aerodromes used during the exercise were:
· Røst (ENRS)
· Regional aerodrome located on the northern edge of the main island of Røstlandet in northern Norway. 
· The airport has a single runway (03/21) with an asphalt surface, 880 by 30 meters (2,887 ft x 98 ft) with approx. 1300 movements per year.
· Apron with two aircraft stands. Two entries to the runway. No parallel taxiways.
· Bodø (ENBO)
· Civil managed airport located on the westernmost tip of the Bodø-peninsula, it shares facilities with the military air force base Bodø Main Air Station which also houses the northern Norway Joint Rescue Coordination Centres (JRCC) equipped with Search and Rescue (SAR)-helicopters. The airport has a 24H operation. 
· The airport has a single runway (07/25), 2,794 by 45 metres (9,167 by 148 ft) runway which runs in a roughly east-west direction. Approx. 50.000 movements per year with a mixture of scheduled jet, turboprop, military jets, scheduled helicopter, SAR helicopters and GA traffic.
· Large apron with several stands, most of terminal stands using push-back. Parallel taxiway on both sides of RWY.
· Haugesund (ENHD)
· International airport located in the Hauganes peninsula on the island of Karmøy. The airport has various services by regional, domestic and international airlines. There are also extensive helicopter traffic to the oilrigs in the North Sea. The airport is operated by a mixture of jet airlines, commuter turboprops, helicopters and GA traffic.
· The airport has a single runway (13/31) with asphalt surface, 2,120 by 45 metres (6,955 ft by 148 ft) runway, which runs in a roughly southeast-northwest direction.
· Apron with 11 stands. Five of these are towards terminal using push-back. Three entries to the RWY. No parallel taxiways.
It should be noted that all airports used in the validation were provided with Air Traffic Service (ATS), even considering that in day-to-day operations Røst provides Aerodrome Flight Information Service (AFIS).
In order to force situations and increase traffic, the simulation technique used during the validation has been Real Time Simulation (RTS)
The validation platform used by Avinor was INDRA R-TWR IBP platform delivered by Indra & Indra Navia and located in Indra Navia premises in Asker, Norway.
The aerodromes represented three different levels of traffic load and complexity;
· Bodø had primarily IFR traffic and had the highest traffic load in the validation. The airport has a full parallel taxiway which reduced the number of ground conflicts.
· Haugesund was the medium load aerodrome in the exercise. There was a mixture of IFR and VFR traffic, helicopters and vehicles. The aerodrome does not have parallel taxiways, but several entries to the runway which made it more complex to operate, with a need to backtrack on runway for take-offs and landings.
· Røst was the aerodrome with the least traffic load - with a mixture of IFR and VFR traffic, helicopters and vehicles. This aerodrome does not have any parallel taxiways and two entry points to the runway which demanded use of backtrack on the runway and thus increased complexity. Also, the type of traffic (VFR traffic circuits, local helicopters etc) this airport was often the one with the highest workload.
Four Avinor ATCOs’ participated in the validation, all with experience from small and medium sized aerodrome TWR operations in Norway. All of them were new to the remote tower concept.

Describe in brief terms:
· the operational scope of the Validation exercise in terms of actors and processes. The list of operational actors as well as the use cases available in the relevant SPR-INTEROP/OSED that are covered by the validation exercise;
· the key validation objectives and scenarios;
· the validation technique and platform to be used.
1. [bookmark: _Toc5974678]Summary of Validation Exercise #003 Validation Objectives and success criteria 
Provide a summary of the Validation Exercise objectives by the exercise 1.
The following table depicts the Validation Objectives identified in the Validation Plan as part of the Validation Exercise EXE.05-02.V3.003.
	SESAR Solution Validation Objective
	SESAR Solution Success criteria
	Coverage and comments on the coverage of SESAR Solution Validation Objective in Exercise 003
	Exercise Validation Objective
	Exercise Success criteria

	HUMAN PERFORMANCE – SITUATION AWARENESS

	OBJ-PJ05.00-V3-VALP-H02
	CRT-PJ05.00-V3-VALP-H02.010
	Fully covered
	Assess ATCO situation awareness when providing ATS to multiple aerodromes
	ATCOs’ situation awareness is at an acceptable level

	OBJ-PJ05.00-V3-VALP-H02
	CRT-PJ05.00-V3-VALP-H02.020
	Fully covered
	
	ATCOs’ can prioritise tasks 

	OBJ-PJ05.00-V3-VALP-H02
	CRT-PJ05.00-V3-VALP-H02.030
	Fully covered
	
	ATCOs’ confirm that the user interface design supports a sufficient level of individual situation awareness

	OBJ-PJ05.00-V3-VALP-H02
	CRT-PJ05.00-V3-VALP-H02.040
	Fully covered
	
	ATCO maintain an adequate level of SA, despite having to divide their attention to several airports with different procedures and characteristics (geographical area, urban infrastructure, weather conditions etc.)

	HUMAN PERFORMANCE – WORKLOAD

	OBJ-PJ05.00-V3-VALP-H04
	CRT-PJ05.00-V3-VALP-H04.010
	Fully covered
	Assess ATCO workload when providing ATS to multiple aerodromes
	ATCOs’ workload is at an acceptable level

	HUMAN PERFORMANCE – ACCEPTANCE OF OPERATING METHODS / ROLES

	OBJ-PJ05.00-V3-VALP-H06
	CRT-PJ05.00-V3-VALP-H06.010
	Fully covered
	Assess ATCOs’ acceptance of operating methods when providing ATS to multiple aerodromes
	ATCOs’ can apply operating methods in an accurate, efficient and timely manner

	OBJ-PJ05.00-V3-VALP-H07
	CRT-PJ05.00-V3-VALP-H07.010
	Fully covered
	Assess ATCO acceptance of roles and responsibilities when providing ATS to multiple aerodromes
	Changes to ATCOs’ roles and responsibilities introduced by the remote tower concept are clear, consistent, stable and acceptable. 

	OBJ-PJ05.00-V3-VALP-H08
	CRT-PJ05.00-V3-VALP-H08.010
	Fully covered
	Assess usage of the ATCO phraseology 
	The phraseology is acceptable for the ATCO

	HUMAN PERFORMANCE – USABILITY and UTILITY

	OBJ-PJ05.00-V3-VALP-H11
	CRT-PJ05.00- V3-VALP-H11.010
	Fully covered
	Assess usability and utility of ATCO human machine interface when providing ATS to multiple aerodromes
	ATCOs’ have all required information available

	OBJ-PJ05.00-V3-VALP-H11
	CRT-PJ05.00- V3-VALP-H11.020
	Partially covered
Due to the RTS the use of camera controls will not be in the validation scope
	
	ATCOs’ confirm adequate usability of input devices

	OBJ-PJ05.00-V3-VALP-H11
	CRT-PJ05.02-V3-VALP-H11.030
	Fully covered
	
	ATCOs’ confirm adequate usability of ATS-Systems.

	OBJ-PJ05.00-V3-VALP-H11
	CRT-PJ05.00- V3-VALP-H11.050
	Fully covered
	
	The human machine interface does not increase the potential for human error

	–HUMAN PERFORMANCE - TRUST

	OBJ-PJ05.02-V3-VALP-H13
	CRT-PJ05.02-V3-VALP-H13.050
	Fully covered
	Assess ATCO trust in support systems when providing ATS to multiple aerodromes
	ATCOs’ rate the accuracy of surveillance information as adequate

	OBJ-PJ05.02-V3-VALP-H13
	CRT-PJ05.02-V3-VALP-H13.060
	Fully covered
	
	ATCO trust the overlaid information

	SAFETY - GENERAL

	OBJ-PJ05.00- V3-VALP-S01
	CRT-PJ05.00- V3-VALP-S01.010
	Fully covered
	Assess whether the levels of safety are maintained or improved under all normal conditions when ATS are remotely provided to multiple airports
	The Safety Acceptance Criteria are satisfied (i.e. no increase of risk with respect to a situation in which ATC services are remotely provided by a controller to a single remote tower). 
Note: A risk assessment is performed.

	OBJ-PJ05.02-V3-VALP-S02
	CRT-PJ05.02-V3-VALP-S02.010
	Partially covered
	Assess whether the ATS can safely continue to be remotely provided to multiple aerodromes under external abnormal conditions.
	The Safety Acceptance Criteria are satisfied. 
Note: A risk assessment is performed.

	OBJ-PJ05.02-V3-VALP-S03
	CRT-PJ05.02-V3-VALP-S03.010
	Not covered
(covered in Safety workshop)
	Assess whether the ATS can safely be remotely provided to multiple aerodromes during degraded modes of operation
	The Safety Acceptance Criteria are satisfied. 
Note: A risk assessment is performed.

	SAFETY

	OBJ-PJ05.00- V3-VALP-S04
	CRT-PJ05.00- V3-VALP-S04.010
	Fully covered
	Assess ATCO capability to provide ATC services in a safe manner to multiple aerodromes under all normal conditions
	ATCO is able to identify and solve potential conflicts in a timely manner:
• In the vicinity of the aerodrome
• In the runway area 
• On the manoeuvring area

	OBJ-PJ05.00- V3-VALP-S04
	CRT-PJ05.00- V3-VALP-S04.020
	Fully covered
	
	ATCO is able to identify and solve hazardous situations in a timely manner (e.g.):
• Unstable approaches
• Bird strikes
• Aircraft not vacating RWY as expected

	OBJ-PJ05.00- V3-VALP-S04
	CRT-PJ05.00- V3-VALP-S04.030
	Fully covered
	
	ATCO is able to distinguish with which aircraft, vehicle at which aerodrome the ATCO is communicating with

	OBJ-PJ05.00- V3-VALP-S04
	CRT-PJ05.02-V3-VALP-S04.040
	Partially covered
	
	ATCO is be able to distinguish with which sector the ATCO is communicating with

	OBJ-PJ05.00- V3-VALP-S04
	CRT-PJ05.00- V3-VALP-S04.050
	Fully covered
	
	ATCO is not inducing more conflicting situations than in the baseline

	OBJ-PJ05.00- V3-VALP-S05
	CRT-PJ05.00- V3-VALP-S05.010
	Fully covered
	Assess ATCO capability to perform specific procedures related to MRTM capabilities in a safe manner
	ATCO is able to foresee traffic at his/her MRTM at short term in order to avoid overloads

	OBJ-PJ05.02-V3-VALP-S06
	CRT-PJ05.02-V3-VALP-S06.010
	Partially covered
	Assess ATCO capability to cope with / manage abnormal situation in a  safe manner
	ATCO is able to identify and manage abnormal situations (e.g.):
· Unknown flight
· Aircraft emergency
· Crash on an airport or its vicinity
· Fire on an airport
Unplanned closure of an airport

	CAPACITY

	OBJ-PJ05.00- V3-VALP-CA1
	CRT-PJ05.00- V3-VALP-CA1.010
	Fully covered
	Assess capacity constraints when providing ATS to multiple aerodromes
	An indication for controller capacity is given (in terms of simultaneous movements, up to 6) when ATS is provided to multiple remote towers

	COST EFFICIENCY

	OBJ-PJ05.00- V3-VALP-CE1
	CRT-PJ05.00- V3-VALP-CE1.010
	Fully covered
	Assess the staff required for providing ATS to multiple aerodromes
	ATCO can provide ATS to x number of aerodromes 


[bookmark: _Toc5974813][bookmark: _Toc490125546][bookmark: _Toc498523775][bookmark: _Toc22829149]Table 16: Validation Objectives addressed in Validation EXE.05-02.V3.003 Indra
1. [bookmark: _Toc5974679]Summary of Validation Exercise #003 Validation scenarios
Provide a summary of the reference and solution scenario(s). If, due to the nature of the validation technique, the definition of a reference scenario is not applicable, justify it here.
As explained in the VALP (section 4.4.1), currently it is not possible to compare the services of the Remote Provision of ATS for Multiple Aerodromes to a reference scenario since there is no such service provided in current day operations.
All results obtained during the exercises will be analysed by all partners and compared to the concept developed within PJ05 solution 02.
The following use cases (UC) have been applicable to this Validation Exercise:
	PJ05-02 Use Cases

	NORMAL CONDITIONS

	UC 1:1 / Provide ATS with simultaneous movements (ground and air) at different aerodromes from one MRTM

	UC 1:3 / Control of Vehicles in the Manoeuvring Area to different aerodromes

	UC 1:4 / Provide ATS to simultaneous landings to different aerodromes

	UC 1:5 / Provide ATS to simultaneous departures at different aerodromes

	UC 1:6 / Provide ATS to a landing and a departing aircraft simultaneously at different aerodromes

	UC 1:7 / VFR flight in the traffic circuit with an arriving IFR flight with simultaneous movements on another aerodrome

	UC 1:8 / Ensure that the ATCO is able to avoid task overload, ATCO able to prioritize and control traffic to reduce current workload, e.g. RWY incursion, several simultaneous VFR arrivals, aircraft with malfunction

	UC 2:1 / Split of aerodromes from a fixed MRTM to a spare MRTM to meet requested capacity.

	UC 2:2 / Merge of aerodromes to a fixed MRTM


[bookmark: _Toc5974814][bookmark: _Toc490125544][bookmark: _Toc498523773][bookmark: _Toc22829150]Table 17: EXE-05.02-V3-2.3 Use Cases

In addition to a training scenario, three scenarios were produced. All ATCOs’ attended a training day where all ran the training scenario. Each validation day covered the three scenarios (SCN 1, SCN 2, SCN 3) for one ATCO. Each validation scenario lasted 60 minutes.
All scenarios included weather changes, both in visual appearance of weather on the visual VP, but also in wind readings and QNH changes.
The following table shows the common characteristics of the scenarios defined for the different runs during the simulations.

[bookmark: _Toc5974851][bookmark: _Toc22828996]Figure 50: EXE.05-02.V3.003 traffic characteristics
The following list briefs the main characteristics of the scenarios defined and used during the validation.
 [SCN]
	S
C
N
	ADs
	mv/
hr
	Bodø (ENBO) mv/h
	Hauge-sund (ENHD) mv/h
	Røst (ENRS) mv/h
	Events
	Split/ Merge
	UC
	Simul. Move-ments

	1
	3
	25
	11 
	8 
	6
	A/C returns with technical problem
Helicopter local work near to AD
	No
	UC 1:1, UC 1:3, UC 1:4, UC 1:5, UC 1:6, UC 1:8
	7

	2
	3->2
	25
	5
	13
	7
	Split one AD due to traffic increase
Wind change lead to RWY change
	Split
	UC 1:1, UC 1:3, UC 1:4, UC 1:5, UC 1:6, UC 1:8, UC 2:1
	8

	3
	2->3
	25
	4
	13
	8
	Planned merge of one AD 
VFR training traffic circuits
	Merge
	UC 1:1, UC 1:3, UC 1:4, UC 1:5, UC 1:6, UC 1:8, UC 2:2
	9


[bookmark: _Toc5974815][bookmark: _Toc22829151]Table 18: EXE.05-02.V3.003 Validation Scenarios
A more detailed explanation of these exercises is included in section 6.2.8.10.1 and 6.2.8.10.2.
1. [bookmark: _Toc5974680]Summary of Validation Exercise #01 Validation Assumptions
The following table provides an overview of the validation assumptions already described in the VALP (section 4.5) and the ones identified in section 3.2.3 that are applicable to this validation exercise.
	Identifier
	Title
	Type of Assumption
	Description
	Justification
	Flight Phase
	KPA Impacted
	Source
	Value(s)
	Owner
	Impact on Assessment

	ASM-PJ05-V3-VALP-ALL.06
	Training and competencies
	Human Performance
	All Controllers have appropriate training and competencies.
	In order to validate the MRTM concept it is important that the controllers are familiar with the operating environment and tools.
	
	HP
CAP
	Procedure
	
	ALL
	High

	ASM-PJ05-V3-VALP-ALL.07
	ATCO licensing
	Human Performance
	The number of endorsements an ATCO can hold is limited
	It is assumed that an ATCO can hold endorsements for up to 3 (single) different airports
	
	HP
CAP
	Procedure
	
	ALL
	N/A

	ASM-PJ05-V3-VALR-003.01
	PTZ use
	Simulator presentation
	Control of the PTZ
	Due to the nature of simulated presentation, PTZ control was not validated
	ALL
	HP
	SIM
	
	Indra
	N/A

	ASM-PJ05-V3-VALR-003.02
	Object bounding use 
	Simulator presentation
	Following a moving object by bounding 
	Due to the nature of simulated presentation, object bounding was not validated
	ALL
	HP
	SIM
	
	Indra
	N/A

	ASM-PJ05-V3-VALR-003.03
	Labels over VP view
	Simulation
	Labels on the panoramic were not displayed in any of the simulated ADs.
	Labels were not shown on the screen 
	ALL
	HP
	SIM
	
	Indra
	N/A

	ASM-PJ05-V3-VALR-003.05
	APP Role
	Roles
	APP role is considered Out of Scope (OoS) of the validation
	APP control was out of the scope of the validation
	APP
	N/A
	Procedure
	
	Indra
	N/A

	ASM-PJ05-V3-VALR-003.05
	Ground Surveillance
	Simulation
	Ground surveillance was not simulated.
	In order to be as much close as possible to the current operations GND SURV was not simulated.
	TWR
	N/A
	
	
	Indra
	Low


[bookmark: _Toc5974816][bookmark: _Toc498523746][bookmark: _Toc22829152]Table 19: EXE.05-02.V3.003 Validation Assumptions overview
This section shall provide an overview of the validation assumptions that are applicable to the validation exercise on top of those identified in section.3.2.3.
The Validation Assumptions should be recorded in a table of the following form.

1. [bookmark: _Toc5974681]Deviation from the planned activities
The following deviations have been identified as compared to the Validation Plan. 
Traffic levels during the simulation were increased from what is described in the VALP and OSED. This applied both for two and three simultaneous aerodromes.
The reason for the increased traffic was to challenge the workload for the ATCOs’ and easier identify areas where improvements could be made. During the Dry Run it was discovered that the traffic levels defined in the VALP was not providing the wanted challenge for workload, so traffic was increased accordingly.
Even with the increased traffic load, the feedback was that safety was not compromised, and that workload was acceptable. The conclusion is that when this is achieved with the higher traffic load, the situation would be even better with the planned work load. 
· Other deviations included:Deviations in Objectives and/or Success Criteria:
· OBJ-PJ05.00-V3-VALP-H11C
· CRT-PJ05.00-V3-VALP-H11.040
· Alarm and alerts were not generated during the validation.

All events and decisions that led to a deviation from the planned activities should be noted, including possible mitigating actions or expected consequences for Exercise results. In particular, modifications of simulation data / Exercise procedure should be noted here.
This includes changes in the hypothesis/success criteria or exercise assumption, KPIs actually not covered or functionality in the platform that was not available following test case failed during integrated platform acceptance, etc.
Technical issues that impact results and data analysis e.g. Exercises not run, content reduced for time and/or technical reasons etc.
1. [bookmark: _Toc5974682]Validation Exercise #003 Results
9. [bookmark: _Toc5974683]Summary of Validation Exercise #003 Results
The following table summarises the results of the Validation Exercise compared to the success criteria identified within the Validation Plan per validation objective.
Results obtained are assessed against the success criteria and considering the characteristics of the simulation in order to decide if the Validation Objective Analysis Status is OK, partially OK, NOK or Not Applicable (N/A). 
The following nomenclature has been used:
· OK
· Validation objective achieves the expectations
· NOK
· Validation objective does not achieve the expectations 
· Partially OK
· Validation objectives does not fully achieve the expectation
· N/A
· Validation objectives out of scope of the validation
	Validation Objective ID
	Validation Objective Title
	Success Criterion ID
	Success Criterion
	Sub-operating environment
	EXE.05-02.V3.003  Validation Results
	EXE.05-02.V3.003  Validation Objective Status

	HUMAN PERFORMANCE – SITUATION AWARENESS

	OBJ-PJ05.00-V3-VALP-H02
	Assess ATCO situation awareness when providing ATS to multiple aerodromes
	CRT-PJ05.00- V3-VALP-H02.010
	ATCOs’ situation awareness is at an acceptable level
	APT Low
APT Medium
	OK
	See section 6.2.8.1

	OBJ-PJ05.00- V3-VALP-H02
	Assess ATCO situation awareness when providing ATS to multiple aerodromes
	CRT-PJ05.00- V3-VALP-H02.020
	ATCOs’ can prioritise tasks 
	APT Low
APT Medium
	Partially OK
	See section 6.2.8.1

	OBJ-PJ05.00- V3-VALP-H02
	Assess ATCO situation awareness when providing ATS to multiple aerodromes
	CRT-PJ05.00- V3-VALP-H02.030
	ATCOs’ confirm that the user interface design supports a sufficient level of individual situation awareness
	APT Low
APT Medium
	OK
	See section 6.2.8.1

	OBJ-PJ05.00- V3-VALP-H02
	Assess ATCO situation awareness when providing ATS to multiple aerodromes
	CRT-PJ05.00- V3-VALP-H02.040
	ATCO maintain an adequate level of SA, despite having to divide their attention to several airports with different procedures and characteristics (geographical area, urban infrastructure, weather conditions etc.)
	APT Low
APT Medium
	Partially OK
	See section 6.2.8.1

	HUMAN PERFORMACE – WORKLOAD

	OBJ-PJ05.00- V3-VALP-H04
	Assess ATCO workload when providing ATS to multiple aerodromes
	CRT-PJ05.00- V3-VALP-H04.010
	ATCOs’ workload is at an acceptable level
	APT Low
APT Medium
	Partially OK
	See section 6.2.8.2

	HUMAN PERFORMACE – ACCEPTANCE OF OPERATING METHODS / ROLES

	OBJ-PJ05.00- V3-VALP-H06
	Assess ATCOs’ acceptance of operating methods when providing ATS to multiple aerodromes
	CRT-PJ05.00- V3-VALP-H06.010
	ATCOs’ can apply operating methods in an accurate, efficient and timely manner
	APT Low
APT Medium
	OK
	See section 6.2.8.3

	OBJ-PJ05.00- V3-VALP-H07
	Assess ATCO acceptance of roles and responsibilities when providing ATS to multiple aerodromes
	CRT-PJ05.00- V3-VALP-H07.010
	Changes to ATCOs’ roles and responsibilities introduced by the remote tower concept are clear, consistent, stable and acceptable. 
	APT Low
APT Medium
	OK
	See section 6.2.8.3

	OBJ-PJ05.00-V3-VALP-H08
	Assess usage of the ATCO phraseology
	CRT-PJ05.00-V3-VALP-H08.010
	The phraseology is acceptable for the ATCO
	APT Low
APT Medium
	OK
	See section 6.2.8.3

	HUMAN PERFORMANCE – USABILITY and UTILITY

	OBJ-PJ05.00-V3-VALP-H11
	ATCO human machine interface when providing ATS to multiple aerodromes
	CRT-PJ05.00-V3-VALP-H11.010
	ATCOs’ have all required information available
	APT Low
APT Medium
	OK
	See section 6.2.8.4

	OBJ-PJ05.00-V3-VALP-H11
	ATCO human machine interface when providing ATS to multiple aerodromes
	CRT-PJ05.00-V3-VALP-H11.020
	ATCOs’ confirm adequate usability of input devices
	APT Low
APT Medium
	OK
	See section 6.2.8.4

	OBJ-PJ05.00-V3-VALP-H11
	ATCO human machine interface when providing ATS to multiple aerodromes
	CRT-PJ05.02-V3-VALP-H11.030
	ATCOs’ confirm adequate usability of ATS-Systems.
	APT Low
APT Medium
	OK
	See section 6.2.8.4

	OBJ-PJ05.00-V3-VALP-H11
	ATCO human machine interface when providing ATS to multiple aerodromes
	CRT-PJ05.00-V3-VALP-H11.040
	ATCOs’ confirm adequate usability of alarms and alerts
	APT Low
APT Medium
	N/A
Alarms and alerts not included in simulation
	N/A

	OBJ-PJ05.00-V3-VALP-H11
	ATCO human machine interface when providing ATS to multiple aerodromes
	CRT-PJ05.00-V3-VALP-H11.050
	The human machine interface does not increase the potential for human error
	APT Low
APT Medium
	Partially OK
	See section 6.2.8.4

	HUMAN PERFORMANCE - TRUST

	OBJ-PJ05.02-V3-VALP-H13
	Assess ATCO trust in support systems when providing ATS to multiple aerodromes
	CRT-PJ05.02-V3-VALP-H13.050
	ATCOs’ rate the accuracy of surveillance information as adequate
	APT Low
APT Medium
	OK
	See section 6.2.8.5

	OBJ-PJ05.02-V3-VALP-H13
	Assess ATCO trust in support systems when providing ATS to multiple aerodromes
	CRT-PJ05.02-V3-VALP-H13.060
	ATCO trust the overlaid information 
	APT Low
APT Medium
	OK
Overlaid information was limited to Aerodrome name, QNH and wind.
	See section 6.2.8.5

	SAFETY – GENERAL

	OBJ-PJ05.00-V3-VALP-S01
	Assess whether the levels of safety are maintained or improved under all normal conditions when ATS are remotely provided to multiple airports
	CRT-PJ05.00-V3-VALP-S01.010
	The Safety Acceptance Criteria are satisfied (i.e. no increase of risk with respect to a situation in which ATC services are remotely provided by a controller to a single remote tower). 
Note: A risk assessment is performed.
	APT Low
APT Medium
	OK
	See section 6.2.8.6

	OBJ-PJ05.00-V3-VALP-S02
	Assess whether the ATS can safely continue to be remotely provided to multiple aerodromes under external abnormal conditions.
	CRT-PJ05.00-V3-VALP-S02.010
	The Safety Acceptance Criteria are satisfied. 
Note: A risk assessment is performed.
	APT Low
APT Medium
	OK
	See section 6.2.8.6

	SAFETY

	OBJ-PJ05.00-V3-VALP-S04
	Assess ATCO capability to provide ATC services in a safe manner to multiple aerodromes under all normal conditions
	CRT-PJ05.00-V3-VALP-S04.010
	ATCO is able to identify and solve potential conflicts in a timely manner:
•	In the vicinity of the aerodrome
•	In the runway area 
•	On the manoeuvring area
	APT Low
APT Medium
	OK
	See section 6.2.8.7

	OBJ-PJ05.00-V3-VALP-S04
	Assess ATCO capability to provide ATC services in a safe manner to multiple aerodromes under all normal conditions
	CRT-PJ05.00-V3-VALP-S04.020
	ATCO is able to identify and solve hazardous situations in a timely manner (e.g.):
• Unstable approaches
• Bird strikes
• Aircraft not vacating RWY as expected
	APT Low
APT Medium
	OK
	See section 6.2.8.7

	OBJ-PJ05.00-V3-VALP-S04
	Assess ATCO capability to provide ATC services in a safe manner to multiple aerodromes under all normal conditions
	CRT-PJ05.00-V3-VALP-S04.030
	ATCO is able to distinguish with which aircraft, vehicle at which aerodrome the ATCO is communicating with
	APT Low
APT Medium
	OK
	See section 6.2.8.7

	OBJ-PJ05.00-V3-VALP-S04
	Assess ATCO capability to provide ATC services in a safe manner to multiple aerodromes under all normal conditions
	CRT-PJ05.00-V3-VALP-S04.040
	ATCO is able to distinguish with which sector the ATCO is communicating with
	APT Low
APT Medium
	OK
Communication with sectors was limited to APP
	See section 6.2.8.7

	OBJ-PJ05.00-V3-VALP-S04
	Assess ATCO capability to provide ATC services in a safe manner to multiple aerodromes under all normal conditions
	CRT-PJ05.00-V3-VALP-S04.050
	ATCO is not inducing more conflicting situations than in the baseline
	APT Low
APT Medium
	OK
	See section 6.2.8.7

	OBJ-PJ05.00-V3-VALP-S05
	Assess ATCO capability to perform specific procedures related to MRTM capabilities in a safe manner
	CRT-PJ05.00-V3-VALP-S05.010
	ATCO is able to foresee traffic at his/her MRTM at short term in order to avoid overloads
	APT Low
APT Medium
	OK
	See section 6.2.8.7

	OBJ-PJ05.02-V3-VALP-S06
	Assess ATCO capability to cope with / manage abnormal situation in a  safe manner
	CRT-PJ05.02-V3-VALP-S06.010
	ATCO is able to identify and manage abnormal situations (e.g.):
· Unknown flight
· Aircraft emergency
· Crash on an airport or its vicinity
· Fire on an airport
Unplanned closure of an airport 
	APT Low
APT Medium
	OK
	See section 6.2.8.8

	CAPACITY

	OBJ-PJ05.00-V3-VALP-CA1
	Assess capacity constraints when providing ATS to multiple aerodromes
	CRT-PJ05.00-V3-VALP-CA1.010
	An indication for controller capacity is given (in terms of simultaneous movements, up to 6) when ATS is provided to multiple remote towers
	APT Low
APT Medium
	OK
	See section 6.2.8.8

	COST EFFICIENCY

	OBJ-PJ05.00-V3-VALP-CE1
	Assess the staff required for providing ATS to multiple aerodromes
	CRT-PJ05.00-V3-VALP-CE1.010
	ATCO can provide ATS to x number of aerodromes
	APT Low
APT Medium
	OK
	See section 6.2.8.9


[bookmark: _Toc5974817][bookmark: _Toc22829153]Table 20: Validation Results of EXE.05-02.V3.003 Indra
Here the results of Validation Exercise 1 should be summarised following the table below given as an example. This shows the summary of results compared to the success criteria identified within the Validation Plan per validation objective. The analysis should cover all the Validation Objectives embedded in all Validation Exercises as per the corresponding Validation Plan.
The project shall assess the results against the success criteria and decide if the Validation objective analysis status is OK, partially OK or NOK:
1. OK: Validation objective achieves the expectations (exercise results achieve success criteria)
1. NOK: Validation objective does not achieve the expectations (exercise results do not achieve success criteria).
1. Partially OK: Validation objective achieves the expectations to a certain extent. The reasons why the validation objective is not fully achieved shall be clearly recorded in Table below

1. [bookmark: _Toc5974684][bookmark: _Ref512784387]Analysis of Exercise 003 Results per Validation objective
This section provides, per validation objective, a consolidated analysis of the validation exercise results. The results collected within this section are limited to the simulation environment created for the validation so they cannot be used as definitive in Solution 02.
Each subsection collects: 
· all the success criteria used to assess the validation objective indicated; 
· the analysis, detailing comments and observations
· the conclusion for each success criteria
All the success criteria have been assessed using qualitative data, by means of:
· Questionnaires. Controllers fill in specific questionnaires distributed at the end of each run.
· Post-Run Debriefing. Controllers under evaluation made comments and observations for the specific run.
· Final Debriefing. Controllers made final comments, observations and overall impressions about the validation exercise.
· Observers. All the runs had three over-the-shoulder observers that supported the validation staff and gave additional feedback.
10. [bookmark: _Toc5974685][bookmark: _Ref512245861][bookmark: _Ref509662731]Human Performance – Situation Awareness
0. [bookmark: _Toc5974686]OBJ-PJ05.00-V3-VALP-H02 Results
This validation objective assess the ATCO situation awareness when providing ATS to multiple aerodromes.
The following success criteria have been identified:
	CRT-PJ05.00-V3-VALP-H02.010
	ATCOs’ situation awareness is at an acceptable level

	CRT-PJ05.00-V3-VALP-H02.020
	ATCOs’ can prioritise tasks 

	CRT-PJ05.00-V3-VALP-H02.030
	ATCOs’ confirm that the user interface design supports a sufficient level of individual situation awareness

	CRT-PJ05.00-V3-VALP-H02.040
	ATCO maintain an adequate level of SA, despite having to divide their attention to several airports with different procedures and characteristics (geographical area, urban infrastructure, weather conditions etc.)



Analysis
These objectives were measured through China Lakes Scale questionnaire and post-run interviews.
The China Lakes Scale indicates the perceived level of situational awareness (SA) of the ATCOs’ after each run. The scale encompasses a hierarchical decision tree that guides the ATCO through a ten-point rating scale, where each point is accompanied by a descriptor of the associated level of SA.

[image: ]
[bookmark: _Toc22828997]Figure 51: China Lakes Scale

Situational Awareness was acceptable for all participants in all runs. However, it was rated as not satisfactory in almost all run for two participants.
[image: ]
[bookmark: _Toc22828998]Figure 52: Situational Awareness results

With the objective of keeping the SA, the participants developed, by themselves, a strategy of regular scanning patterns throughout the three airports and the EFS. The scanning improved from run to run and improved the SA. 
Some controllers felt they initially was not sufficiently ‘ahead of traffic’ with the high traffic levels experienced. This improved through the validation and it was concluded that this was a training and traffic load issue. With the level of traffic presented, maintaining SA on the three aerodromes was at times challenging. There was also a difference between operating two or three aerodromes. The SA was higher when operating two aerodromes.
Some controllers stated that they were ‘uncomfortable’ at times because they were not able to continuously watch all take-offs and landings like they are used to in their ‘single’ conventional tower environment.
It was commented that similar taxiway designators between aerodromes could be confusing and should be assessed further.
Regarding the system design, none of the controllers felt that the current multiple design would affect their SA, although some specific improvements were suggested based on their experience that would enhance the way to operate with the system.
The concept and implementation allowed the ATCOs’ to prioritize tasks. With three aerodromes there must be a division of attention, and prioritization becomes even more important.
The design of the system provided positive feedback from all controllers. It was easy to get used to operating the system and how the aerodromes were arranged. This also improved with practice. 
EFS, combined with the Traffic Situation Display supported awareness of the status of the flights.
Some suggestions for improvement was noted. One general comment was that all active EFS flight strips should be visible at the same time. Due to the high traffic load, there was from time to time need to scroll within an EFS bay to see all flight strips. It was also commented that setting a ‘blocked runway’ status should be very easy and clearly indicated on EFS, wind rose and on the visual VP view.
Conclusion
We can note individual differences but no effect of the run.
Situational Awareness was acceptable for all participants but not satisfactory for two participants.
Degradation of Situational Awareness can for the most be attributed the challenge of handling simultaneous movements on three aerodromes.
Some daily ATCO tasks that were not part of the validation may increase workload and thus affect SA at times. This includes e.g. routine telephone calls, weather observation and reporting, runway light control, ATIS generation etc.
10. [bookmark: _Toc5974687][bookmark: _Ref512245886]Human Performance – Workload
1. [bookmark: _Toc5974688][bookmark: _Ref509662791]OBJ-PJ05.00-V3-VALP-H04 Results
This validation objective assess the ATCO workload when providing ATS to multiple aerodromes.
The following success criterion has been identified:
	CRT-PJ05.00-V3-VALP-H04.010
	ATCOs’ workload is at an acceptable level



Analysis
Workload was measured through Bedford Workload Scale and interviews
The Bedford Scale is a uni-dimensional rating scale designed to identify operator's spare mental capacity while completing a task. The single dimension is assessed using a hierarchical decision tree that guides the operator through a ten-point rating scale, each point of which is accompanied by a descriptor of the associated level of workload. 
The following questionnaire was used:
[image: ]
[bookmark: _Toc22828999]Figure 53: Bedford Workload Scale

The following graphics depicts the results for each run.

[image: ]
[bookmark: _Toc5974852][bookmark: _Toc22829000]Figure 54: Workload
Workload was acceptable for all participants in all runs. However, it was rated as not satisfactory in all run for two participants. One participant rated workload as not tolerable in one run.
All ATCO’s were unfamiliar with the remote tower concept and the equipment to be used. Most ATCOs’ were unfamiliar with the airports in the validation. Although there was a training day, all ATCO’s used some time during the validation runs to get familiar with the airports and equipment. Some mental resource was assigned to this.
All ATCOs’ stated that the aerodrome layout had a large effect on capacity and workload. E.g. aerodromes where backtrack on RWY was needed (ENHD and ENRS) were more demanding than ENBO where a full parallel taxiway exists. ATCOs’ continuously needed to calculate and assess the time for backtrack and line-up vs arrival traffic. 
All ATCOs’ stated that operating two aerodromes was much easier than operating three aerodromes.
Some ATCOs’ also stated that efficiency was impaired at times when they had to prioritize attention to another aerodrome and e.g. keep an aircraft on holding longer than considered to be the case in a single scenario. 


Conclusion
We can note individual differences but no effect of the run. Although some situations were considered more demanding than others, all participants agreed that workload during the simulation was considered as tolerable, but was not “satisfactory” for two participants. 
[bookmark: _GoBack]One ATCO considered one of the runs to be level 7 (“Very high workload with almost no spare capacity but no impact to the primary ATM task”).
Increased workload can for the most be attributed the challenge of handling simultaneous movements on three aerodromes.
Note: Runs were also tested with increased traffic levels compared to the 20 mov/hour. Further described in chapter 5.1.2 is the dependency to aerodrome surface layout and capacity due to back track or similar, which has an impact on ATCO workload.

10. [bookmark: _Toc5974689][bookmark: _Ref512245893][bookmark: _Ref509662827]Human Performance – Acceptance of Operating Methods/Roles
2. [bookmark: _Toc5974690]OBJ-PJ05.00-V3-VALP-H06 Results
This validation objective assess the ATCOs’ acceptance of operating methods when providing ATS to multiple aerodromes
The following success criterion has been identified:
	CRT-PJ05.00-V3-VALP-H06.010
	ATCOs’ can apply operating methods in an accurate, efficient and timely manner



Analysis
Operating methods during the validation were as close as possible to the current ones. ATC procedures for ENRS Røst (normally an AFIS airport) were established. Some procedures was also simplified, e.g. use of specific local navigation points etc. due to ATCOs’ unfamiliarity with the aerodromes.
ATCOs’ provided the following services:
· Clearance delivery
· Ground control
· TWR control

Conclusion
The operating methods as e.g. phraseology, procedures, use of tools, aerodrome layout etc. defined for the validation could be adapted and used by the ATCOs’ without problems. 
Current operating methods used in each single airport can be applied to control 3 airports simultaneously, since the actual ones seems to be valid in the multiple environment. The acceptance of the controllers was positive.

2. [bookmark: _Toc5974691][bookmark: _Ref509662861]OBJ-PJ05.00-V3-VALP-H07 Results
This validation objective assess the ATCOs’ acceptance of roles and responsibilities when providing ATS to multiple aerodromes 
The following success criterion has been identified:
	CRT-PJ05.00-V3-VALP-H07.010
	Changes to ATCOs’ roles and responsibilities introduced by the remote tower concept are clear, consistent, stable and acceptable. 


Analysis
Roles and responsibilities were limited to TWR roles and not changed due to the validation. 
ATCOs’ commented that the control of multiple aerodromes did not change the ATCO’s roles and responsibilities in any significant way. 
It was commented that some responsibilities they have in a manned tower today could be handled by e.g. a supervisor. It was also commented that the more harmonized working methods are used, the more efficient and accurate the operation could be.
Conclusion
Roles in the validation were limited to the TWR roles (Clearance, Ground and Runway Control). There was not perceived any difference with actual roles.
2. [bookmark: _Toc5974692][bookmark: _Ref509662884]OBJ-PJ05.00-V3-VALP-H08 Results
This validation objective assess usage of the ATCO phraseology
The following success criterion has been identified:
	CRT-PJ05.00-V3-VALP-H08.010
	The phraseology is acceptable for the ATCO



Analysis
In the validation, all TWR frequencies were coupled. This allows the controller to use a common PTT and removes the need to ‘switch’ between aerodromes.
All ground frequencies for vehicles was also coupled, connected to a separate PTT key that allowed the controller to address vehicles only without transmitting on the air frequencies.
Communication between ATCO and pilots/vehicle drivers is a high attention area, as there is significant possibility that misconceived clearances may lead to a hazardous situation. In a multi situation with up to three aerodromes, the risk is even higher, especially when frequencies are coupled. In this situation, pilots would hear communication with other aircraft operating at another aerodrome. This is a new situation and should be analysed thoroughly. On the other hand multi sector operations is a well-known concept in larger Multi RWY operations, APP and ACC.
There is a balance between adding safety barriers to the communication, keeping the R/T as low as possible in a busy environment, and avoiding confusing clearances. 
Communication with aircraft
This project wanted to explore the possibility of using a generic call sign for the ATCO. It was done in V2 with positive, although not conclusive, results. It was stated from V2 that this should be examined further, which was done in V3.
During both validations, the ATCO identified himself with one common generic call sign “Remote”. The main reason for using the same call sign for the remote multi-sector regardless of which sector/AD was operated was to avoid changing roles during operations.
Aircraft would normally call “remote” but in some cases used the aerodrome name. ATCO always responded as “remote”. 
In this validation there was a defined constraint that aerodromes with the same runway designator will not be combined in a multi scenario. In this context there are two barriers to avoid an instruction being accepted by the wrong aircraft:
· Call sign
· Runway designator
Communication with vehicles
In this validation, the vehicle frequencies were also coupled. A separate “Vehicle PTT” was provided as part of the VCS touch screen to communicate only on the vehicle frequencies.
Specific phraseology for vehicles, which always included aerodrome name and RWY designator, was used, and commented as positive. The validation included specific, call signs for vehicles that were unique and different from aerodrome to aerodrome. The aerodrome name was also part of the various vehicle names, e.g. “Fire 1 Haugesund”.  This was also commented as positive and contribute to avoid confusion and the risk of instructions being accepted by the wrong vehicle.
It was commented that the vehicle traffic was lower than what might be expected in periods, and that with higher vehicle traffic it might be better not having the vehicle frequencies coupled. Vehicle drivers are less professional and the risk of taking the wrong clearance might be higher with vehicles. Using non-couple ground frequencies was not tested in this validation.

Conclusion
The use of a generic common call sign for the ATCO was commented as acceptable. The use of Aircraft call sign and RWY designator was deemed as sufficient to avoid confusion.
This validation has shown that it is possible to use a generic call sign for the ATCO. The use of the word ‘remote’ indicates that the service is being provided from a remote location and that there might be service delivered to more than one aerodrome – the use of the word ‘remote’ has not been validated as the pilot community was not part of this validation.
The validation did not use aerodrome name when saying the runway designator as these were always different. If same runway designator will be used on multiple aerodromes, the aerodrome name must be included. Using the aerodrome name together with the runway designator on all calls should be tested.
The pilot community has not been part of the validation. Including them could provide further input to the validity of the chosen phraseology concepts. 
For vehicle communication, the use of aerodrome name was included with good results. However, as vehicle traffic was relatively low, and communication without aerodrome name was not validation, this validation cannot draw any definitive conclusion.

10. [bookmark: _Toc5974693][bookmark: _Ref512245935][bookmark: _Ref509662913]Human Performance – Usability and Utility
3. [bookmark: _Toc5974694]OBJ-PJ05.00-V3-VALP-H11 Results
This validation objective assess the ATCO human machine interface when providing ATS to multiple aerodromes
The following success criteria have been identified:
	CRT-PJ05.00-V3-VALP-H11.010
	ATCOs’ have all required information available

	CRT-PJ05.00-V3-VALP-H11.020
	ATCOs’ confirm adequate usability of input devices

	CRT-PJ05.02-V3-VALP-H11.030
	ATCOs’ confirm adequate usability of ATS-Systems.

	CRT-PJ05.00-V3-VALP-H11.050
	The human machine interface does not increase the potential for human error



Analysis
The HMI used during the validation included the following:
· Heads up VP view with 3D simulated traffic for three aerodromes
· Overlays on the VP included
· Aerodrome name
· QNH
· Wind info located near to each RWY threshold
· Single Heads-Down display (HDD) including the following for all aerodromes:
· Traffic Situation Display (radar display) showing air traffic only
· Electronic Flight Strips
· Wind and QNH information
· Common Time line (short term planning tool)
· Single VCS display with controls for all three aerodromes
The HDD interfaced with other ATS systems for exchange of radar data, flight plans and MET info.
Comments indicated that all required information was available and easily accessible.
Visual presentation overlays
The MET information (wind and QNH) currently displayed overlaid on the VP was enough for them to provide air traffic service. Most ATCOs’ preferred using the VP MET info when providing information to pilots. 
Positioning of the wind information close to the RWY thresholds was appreciated by most. One ATCO suggested that the wind info could be at the edge of the screen to avoid obstructing video in the critical areas near to the thresholds.
Heads-Down Display
Mouse was used for the validation, which gave positive feedback.  Specific mouse buttons could be used to a larger extent to access specific functions. The use of a pen or stylus as an additional input device was not validated, but could be an improvement. Keyboard was available. Virtual keyboard was presented where input was required. The physical keyboard was not used.
One ATCO was left-handed and moved the mouse to the left side of the HDD screen. There was no problems with this usage.
Electronic Flight Strips was an extremely useful tool for the controllers. There was a comment that the runway bay need to stand out more, especially as the bay dividers could be adjusted individually for each aerodrome. Also, when traffic was high, some bays did not have space for all flight strips and scrolling within a bay became necessary. It was commented that the strips could have been smaller, and that all strips in the RWY bay should always be visible.
The radar display showed traffic in the air, down to 1-300 feet above threshold, which is the situation at many Norwegian aerodromes. All controllers used the radar display for situational awareness on incoming flights and any conflicts within the CTR.
The timeline was found useful for all ATCOs’. It was used both for planning purposes, as well as identifying which aircraft would possibly be the next to call in.

General
Most of the controllers felt that using the full airport name, not the ICAO designator, needed to be displayed both in the VP and the heads-down display in order to easily link Visual Presentation view, radar display and EFS information. ICAO codes may easily be confused as all are four letter long and can be quite similar. 

Conclusion
The ATCOs’ declared that with the current information displayed they were to perform their tasks. The HMI did not increase the potential for human error with one exception.
Active Flight strips in the EFS RWY bay should not be hidden with the need to scroll within the bay. 

10. [bookmark: _Ref8208996]Human Performance – Trust

OBJ-PJ05.02-V3-VALP-H13 Results
This validation objective assess whether the ATCO trust in support systems when providing ATS to multiple aerodromes.
The following success criterion has been identified:
	
	

	CRT-PJ05.02-V3-VALP-H13.050
	ATCOs’ rate the accuracy of surveillance information as adequate

	CRT-PJ05.02-V3-VALP-H13.060
	ATCO trust the overlaid information 



Analysis & Conclusion
All ATCOs’ used surveillance information for situational awareness, e.g. monitoring arriving traffic and planning when to expect them on the frequency. Also, for local VFR traffic, surveillance information was helpful for situational awareness. 
The surveillance provided was for air only down to 1-300 feet above threshold. No ground surveillance. This was considered adequate by the ATCOs’. 
The dynamic overlaid information was QNH and wind information. The ATCOs’ preferred to the use the VP overlaid information, even if the same information was present on the HDD. The information was trusted by the ATCOs’. 

10. [bookmark: _Toc5974695][bookmark: _Ref512245961][bookmark: _Ref9243072][bookmark: _Ref509662958]Safety – General
5. [bookmark: _Toc5974696]OBJ-PJ05.00-V3-VALP-S01 Results
This validation objective assess whether the levels of safety are maintained or improved under all normal conditions when ATS are remotely provided to multiple airports.
The following success criterion has been identified:
	CRT-PJ05.00-V3-VALP-S01.010
	The Safety Acceptance Criteria are satisfied (i.e. no increase of risk with respect to a situation in which ATC services are remotely provided by a controller to a single remote tower). 
Note: A risk assessment is performed.



Analysis & Conclusion
A limited risk assessment is performed based on the exercises and comments from the ATCOs’. They have expressed that they could operate safely.
There were no safety incidents experienced in the validation. 
The safety issues need to be addressed by a safety assessment in a more complete operational environment.
The impact of a potential degradation of situational awareness on safety should be further assessed.

5. OBJ-PJ05.00-V3-VALP-S02 Results
This validation objective assess whether the ATS can safely continue to be remotely provided to multiple aerodromes under external abnormal conditions.
The following success criterion has been identified:
	CRT-PJ05.02-V3-VALP-S02.010
	The Safety Acceptance Criteria are satisfied. 
Note: A risk assessment is performed.



Analysis & Conclusion
The validation did not contain any external abnormal conditions. The issue was discussed during the Safety workshop. Please refer to chapter 4.2.6.2
This validation cannot give any conclusion on the issue.

5. OBJ-PJ05.00-V3-VALP-S03 Results
This validation objective assess whether the ATS can safely be remotely provided to multiple aerodromes during degraded modes of operation
The following success criterion has been identified:
	CRT-PJ05.02-V3-VALP-S03.010
	The Safety Acceptance Criteria are satisfied. 
Note: A risk assessment is performed.



Analysis & Conclusion
The validation did not contain any degraded modes of operation. The issue was discussed during the Safety workshop. Please refer to chapter 4.2.6.3 This validation cannot give any conclusion on the issue.

10. [bookmark: _Toc5974697][bookmark: _Ref512245973][bookmark: _Ref509662993]Safety
6. [bookmark: _Toc5974698]OBJ-PJ05.00-V3-VALP-S04 Results
This validation objective assess ATCO capability to provide ATC services in a safe manner to multiple aerodromes under all normal conditions.
The following success criteria have been identified:
	CRT-PJ05.00-V3-VALP-S04.010
	ATCO is able to identify and solve potential conflicts in a timely manner:
•	In the vicinity of the aerodrome
•	In the runway area 
•	On the manoeuvring area

	CRT-PJ05.00-V3-VALP-S04.020
	ATCO is able to identify and solve hazardous situations in a timely manner (e.g.):
•	Unstable approaches
•	Bird strikes
•	Aircraft not vacating RWY as expected

	CRT-PJ05.00-V3-VALP-S04.030
	ATCO is able to distinguish with which aircraft, vehicle at which aerodrome the ATCO is communicating with

	CRT-PJ05.02-V3-VALP-S04.040
	ATCO is be able to distinguish with which sector the ATCO is communicating with 

	CRT-PJ05.00-V3-VALP-S04.050
	ATCO is not inducing more conflicting situations than in the baseline



Analysis & Conclusion
In each scenario, controllers were able to identify potential conflicts and solve situations not expected or created during the exercise without compromising safety. 
Also they were able identify aircraft, vehicles and APP unit they were communicating with.
[bookmark: _Ref509663016]Use of tools like Traffic Situation Display and Electronic Flight Strips, in addition to the visual VP, contributed to the ability to detect and solve potential conflicts. There were no hazardous situations experienced during the validation.
In the conditions simulated, ATCOs’ considered that safety was maintained through the validation exercise. However, due to the limited environment simulated, conclusions on safety cannot be extrapolated to the concept or solution.

6. [bookmark: _Toc5974699]OBJ-PJ05.00-V3-VALP-S05 Results
This validation objective assess ATCO capability to perform specific procedures related to MRTM capabilities in a safe manner
The following success criterion has been identified:
	CRT-PJ05.00-V3-VALP-S05.010
	ATCO is able to foresee traffic at his/her MRTM at short term in order to avoid overloads



Analysis & Conclusion
A short term planning tool named “Timeline” was provided to the controllers. This dynamically showed a graphical view of all expected traffic on a timeline allowing controllers to understand the amount and type of traffic expected and the workload based on type of traffic and number of simultaneous movements.
All ATCOs’ used the timeline to have a mental picture of upcoming traffic load. As the timeline also identified traffic, some controllers used the timeline to identify which aircraft could be the next to call in. Some controllers mentioned that this type of graphical tool would also be of advantage in a single environment.
In general, they all agree that the timeline tool is an advantage to get a quick picture of the traffic by means of a graphical display and supports the ATCOs’ in their planning, although they were also supported by the information provided in the EFS.
6. OBJ-PJ05.00-V3-VALP-S06 Results
This validation objective assess ATCO capability to cope with / manage abnormal situation in a  safe manner. 
The following success criterion has been identified:
	CRT-PJ05.02-V3-VALP-S06.010
	ATCO is able to identify and manage abnormal situations (e.g.):
· Unknown flight
· Aircraft emergency
· Crash on an airport or its vicinity
· Fire on an airport
· Unplanned closure of an airport 



Analysis & Conclusion
The validation contained one abnormal situation where an IFR Dash 8 departure had to return to land due to a technical issue. This was in conflict with a VFR helicopter operating near the final area to the landing runway.
All ATCOs’ could cope with this situation in a safe manner.

10. [bookmark: _Toc5974700][bookmark: _Ref512245995][bookmark: _Ref509663024]Capacity
7. [bookmark: _Toc5974701]OBJ-PJ05.00-V3-VALP-CA1 Results
This validation objective assess capacity constraints when providing ATS to multiple aerodromes 
The following success criterion has been identified:
	CRT-PJ05.00-V3-VALP-CA1.010
	An indication for controller capacity is given (in terms of simultaneous movements, up to 6) when ATS is provided to multiple remote towers



Analysis & Conclusion
Through the interviews and questionnaires performed to the controllers and considering the conditions and limitations defined for the V3 exercise, ATCOs’ were able to handle 25 movements with up to 6-9 simultaneous movements per hour.
Although the actual traffic handled (on the frequency) at specific times was up to eight, the traffic of concern was up to 8-10 simultaneous movements at times.
It was commented that controller capacity was also affected by type and complexity of traffic and distribution between the aerodromes as well as complexity of the aerodrome.
10. [bookmark: _Toc5974702][bookmark: _Ref512246004][bookmark: _Toc5974703][bookmark: _Ref509663037]Cost Efficiency
8. [bookmark: _Toc5974704]OBJ-PJ05.00-V3-VALP-CE1 Results
This validation objective assess the staff required for providing ATS to multiple aerodromes 
The following success criterion has been identified:
	CRT-PJ05.00-V3-VALP-CE1.010
	ATCO can provide ATS to 3 aerodromes simultaneously



Analysis & Conclusion
Providing ATS to three aerodromes by a single ATCO seems feasible within certain limitations defined as conditions for this V3 validation.
The validation showed that with the high traffic load used in the simulations, as well as certain ATCO functions was not included, there could be a potential for reduced SA. It should be considered that when operating three aerodromes, one of these should have very limited traffic.

10. [bookmark: _Toc5974705]Parameters overview analyse 
This section contains the conclusions related to the feasibility of the concept as extracted from the validation exercise. It should be noted that the validation addressed mainly normal conditions.
 
[image: ]
[bookmark: _Toc5974856][bookmark: _Toc505181556][bookmark: _Toc22829001]Figure 55 EXE.05-02.V3.003 Key parameters
These conclusions, together with those extracted from other activities on the same solution, will be consolidated at Solution level in section 5.
9. [bookmark: _Toc5974706][bookmark: _Ref512247413]Traffic Volume
During the validation, 3 traffic scenarios were defined and run per each ATCO.
	
	Traffic volume

	
	Bodø (ENBO) 
mv/h
	Haugesund (ENHD)
mv/h
	Røst (ENRS) 
mv/h
	TOTAL

	SCN 1
	11 in total
- 6 IFR DEP
- 5 IFR ARR
	8 in total 
- 2 IFR DEP
- 2 IFR ARR
- 2 VFR (one dep one arr)
- 2 Vehicles
	6 in total
- 2 IFR DEP
- 1 IFR ARR
- 2 VFR DEP
- 1 Vehicle
	25 mv/h

	SCN 2
	13 in total
- 7 IFR DEP
- 5 IFR ARR
- 1 Vehicle
	5 in total
- 1 IFR DEP
- 2 IFR ARR
- 1 VFR ARR
- 1 Vehicle
	7 in total
- 2 IFR DEP
- 1 IFR ARR
- 2 VFR DEP
- 2 Vehicles
	25 mv/h

	SCN 3
	13 in total
- 8 IFR DEP
- 5 IFR ARR
	4 in total
- 2 IFR DEP
- 1 IFR ARR
- 1 VFR DEP
	8 in total
- 2 IFR DEP
- 3 IFR ARR
- 2 VFR (ARR/DEP)
- 1 Vehicle
	25 mv/h


[bookmark: _Toc5974818][bookmark: _Toc22829154]Table 21: EXE.05-02.V3.003 Traffic volume
Throughout the validation, the ATCOs’ were able to handle up to 25 movements per hour distributed over the three airports, with their situational awareness and workload maintained under normal limits. 

9. [bookmark: _Toc5974707][bookmark: _Ref512247399][bookmark: _Toc5974708]Traffic complexity
Before starting the validation, several simultaneous movements were planned in each run with the objective of addressing the ATCO capacity in providing simultaneous ATS to 3 airports.
	
	Simulated simultaneous movements (peak)

	SCN 1
	7 movements (2 ARR, 3 DEP, 1 VFR, 1 Vehicle)

	SCN 2
	8 movements (4 ARR, 2 DEP, 1 VFR, 1 Vehicle)

	SCN 3
	9 movements (2 ARR, 5 DEP, 2 VFR)


[bookmark: _Toc5974819][bookmark: _Toc22829155]Table 22: Planed vs Simulated simultaneous movements
The ATCOs’ were able to handle a combination of IFR, VFR (light aircraft and helicopters) and vehicles. VFRs and vehicles was regarded as the most complex traffic. 
Even with Bodø having the highest load of movements, the traffic complexity was at time higher on the other airports, partly due to type of traffic (VFR traffic circuits, helicopter local flights) and aerodrome layout (need for backtrack on RWY for take-off and landings).
9. [bookmark: _Toc5974709]Traffic distribution
The traffic was distributed with the majority of traffic (~50%) on ENBO Bodø and evenly distributed between the two others.
Due to traffic load development, split and merge of one aerodrome was simulated in two scenarios (one with split, one with merge). The split and merged was generally planned by a supervisor but coordinated and performed by the two ATCOs’ involved.
Split was performed before the traffic load got too large for the ATCO.
9. [bookmark: _Toc5974710][bookmark: _Toc5974711]Operational modes
Normal operations were addressed during the validation. 
Some situations that increased workload was included. This included:
· Helicopter doing VFR low-level work close to aerodrome
· VFR training flight doing circuit training
· IFR departure needing to return due to technical issue (no emergency declared)
· QNH changes
· Wind changes leading to RWY change

9. [bookmark: _Toc5974712]Runway Conditions
Although various visual weather was used during the simulations (sun, cloudy, light rain etc.) this was of no impact to the operations (e.g. slippery RWY was not simulated). The ATCOs’ were able to operate in the normal conditions used in the simulation.
9. [bookmark: _Toc5974713][bookmark: _Toc5974714]Runway Directions
The following Runway directions were used in the validation exercise
· Røst (ENRS) – Runway in use 03 (changed to 21 in one scenario due to wind change)
· Bodø (ENBO) – Runway in use 07
· Haugesund (ENHD) – Runway in use 13
The controllers did not experience any difficulties in providing ATS with these runway directions.
Moreover in the debriefings there was no impact on any of the performance indicators due to the Runway direction.
Runway directions was selected to avoid having the same RWY designators on two different aerodromes controlled in the same MRTM. It is considered that having different RWY designators on all aerodromes will provide a new safety barrier in addition to using call sign when providing clearances when the controller uses the call sign “remote” (or a similar generic call sign) and not the aerodrome name. See also chapter 6.2.8.3.3.
9. [bookmark: _Toc5974715]Wind conditions
Varying wind conditions were simulated in the three airports. Ranging from calm to 18 knots wind. 
Several scenarios included wind changes. One of the scenarios included wind change that led to change of runway in use.
The ATCOs’ were able to detect active wind and any changes easily. 
9. [bookmark: _Toc5974716]Visibility conditions
Although the scenarios included varied visibility, only VMC conditions were simulated during the validation. 
VLP was not tested.
9. [bookmark: _Toc5974717]Time of day
All traffic samples selected for the validation were based on peak hours of the simulated aerodromes during day time.
The ATCOs’ was able to handle all scenarios defined.
10. [bookmark: _Toc5974718]Analyse of technical systems
This section captures all conclusions related to technical feasibility that can be extracted from this validation exercise.
The validation platform included the following:
· Out the Window view (VP) for three aerodromes arranged with one aerodrome (ENBO) lower and two aerodromes (ENHD and ENRS) side-by side over ENBO.
· Overlays on the VP included:
· Aerodrome name
· QNH
· Wind info located near to each RWY threshold
· One integrated Heads-Down Display (HDD) providing the following functions for the three aerodromes:
· Traffic Situation Display (radar display) showing air traffic only
· Electronic Flight Strips
· Wind and QNH information
· Timeline (Short term planning tool)
· One VCS panel with control of telephone and radio frequencies for three aerodromes

[image: ]
[bookmark: _Toc5974857][bookmark: _Toc22829002]Figure 56: EXE.05-02.V3.003 Validation platform

10. [bookmark: _Toc5974719]Visual presentation
Visual presentation was provided by three Indra 3D TWR simulators where the aerodrome environment and traffic was graphically presented. The presentation was approx. 180 degrees for each aerodrome. There was no possibility for the ATCO to pan the image.
The ATCOS’ rated the viewing angle of 180 degrees in horizontal for these three airports as sufficient to provide ATS to all aerodromes with the traffic provided in the simulation.
However, the view would depend on the airport characteristics, mainly VFR circuits and runway/taxiway disposal.
0. Basic Image
The basic image from a simulator can not be fully compared to a full HD or UHD camera picture. However, for the purpose of the simulation the VP view was sufficient to maintain Situational Awareness and reduce workload. 
With e.g. VFR traffic coming from ‘behind’ the controller, the ability to pan the image would be beneficial.
0. Object bounding
Object bounding was not simulated during the V3 validation exercise.
0. All aerodromes showed
The three aerodromes were showed as in the following image.
[image: ]
[bookmark: _Toc5974858][bookmark: _Toc22829003]Figure 57: EXE.05-02.V3.003 Visual arrangement
The ATCOs’ considered this disposal as useful. All of them stablished a kind of scanning pattern between each airport and the control position in order to regularly check the status and maintain the situational awareness.
In a real camera situation, this setup would provide full 360 degree horizontal view for ENBO and 180 degree horizontal view for ENHD and ENRS.
10. [bookmark: _Toc5974720]Overlays
1. Runway and Taxiway
Runway and Taxiway outline overlays were not simulated during the V3 validation exercise.
1. MET Data
Wind information was presented in numeric form (e.g. 010/08) close to each RWY threshold.
QNH was presented on the upper right side of the VP for each aerodrome.
In general, controllers agree that the information displayed (QHN, Wind direction/Wind Speed) was enough, and that there is no need for a complete wind rose to be displayed as this was available on the Heads-Down Display.
All controllers agreed that display of MET information on the VP reduced the head-down time and was useful when providing clearances in take-off and landing phases. 
1. Radar tracking on Visual Presentation
Radar tracking, in the form of ‘labels’ on the Visual Presentation, was not simulated during the V3 validation exercise.
10. [bookmark: _Toc5974721]PTZ
2. Basic PTZ
Basic PTZ was not simulated during the V3 validation exercise.
2. Automated PTZ
Automated PTZ was not simulated during the V3 validation exercise.
10. [bookmark: _Toc5974722]ATS Systems
All ATS systems (except VCS) was presented on a single, 43’’ screen operated by mouse. 
VCS was presented on a separate 12.1” finger touch screen.
3. Air Surveillance
Air surveillance was displayed in each section of the CWP in a similar design as the VP, as shown in the following figure with ENBO at the lower part and ENHD and ENRS side-by-side above.  
[image: ]
[bookmark: _Toc5974859][bookmark: _Toc22829004]Figure 58: EXE.05-02.V3.003 Traffic Situation Display
All TSD (radar) track labels were colour coded, departures were coloured in blue while arrivals were coloured in yellow, VFR in pink. The TSD provided the ATCO with abilities to zoom in/out, pan and measure ranges (using the BRM – Bearing Range Measurement tool) between targets or aerodrome and targets. This was useful to determine potential conflicts, and position of e.g. VFR traffic related to IFR arrivals.
3. Electronic Flight Strips
The Electronic Flight Strips were integrated in the Controller Working Position.
[image: IMG_20180322_092753_345]
[bookmark: _Toc5974860][bookmark: _Toc22829005]Figure 59: EXE.05-03.V2.003 Electronic Flight Strips
In general, the rating of the EFS among the controllers were high. The EFS was used extensively to keep track of flight phase (position), information related to the flight as well as the clearances given to the pilots.
Functions like RWY blocking and creation of vehicle strips was useful, but could be improved. It was emphasised by all controllers the importance of a clear marking of the RWY blocked status.

3. Com systems
The VCS had frequencies from all airports under control (both ground and air) as well as relevant telephone connections. The VCS was operated using hand microphone and loudspeaker for radio (aircraft and vehicles), and a handset for telephone calls.
Air frequencies for the three aerodromes were coupled. So was the ground frequencies individually. The controller could talk to aircraft using the PTT on the hand microphone, and to vehicles using a PTT button on the VCS screen.
The VCS indicated from which aerodrome a call was originating, although it was commented that this indication could be clearer.
Use of the Com system was adequate, although there were limited number of vehicles, and communication with external parties using telephone was limited.
3. Short Term Planning Tool
The Short Term planning tool shown the planned traffic in advance as a graphical display of each flight on a timeline. Colour coding was the same as used in flight strips and on the TSD. The timeline also indicated each flight with the call sign.
All controllers rated the tool as useful to get an overall picture of the incoming traffic. The tool was used both for mental planning as well as an indication of which flight could be the next to call in.

This section should provide, per validation objective, a consolidated analysis of the validation exercise 1 results.
It shall provide a general analysis of the results, including rationale of the results, potential deviations with respect to the targets, possible reasons and relationship between the results and the appropriate assumptions.
1. [bookmark: _Toc5974723]Unexpected Behaviours/Results
Here a list of Problem Reports identified in the context of these Validation Exercises preparation, execution or analysis should be given. 
Note: Unexpected results and behaviours must be reported immediately through the raising of a Problem Report and should be documented well as they might have significant consequences at programme level (e.g. identification of showstoppers or impact on dependent validation exercises).
For example the validation exercise could not be performed as planned because the aircraft did not fly in the exercises as planned due to reasons [...] or an unexpected negative impact on environment [...].
No specific unexpected behaviour was encountered.
1. [bookmark: _Toc5974724]Confidence in Results of Validation Exercise 1
12. [bookmark: _Level_of_significance/limitations][bookmark: _Toc5974725]Level of significance/limitations of Validation Exercise Results
The document shall justify in this section why validation results obtained in the validation exercise are sufficiently representative to be later on integrated at SESAR Solution level.
The VALR shall explain to what extent the obtained validation results obtained in this specific validation exercise can be extrapolated to a higher level e.g. to those operational environments in Europe that are associated to the corresponding sub-operating environment of the SESAR Solution that has been addressed in the exercise.
This section shall capture any potential limitation impacting the representativeness of the results obtained in the validation exercises e.g. not sufficient controllers participating in the validation exercises, simplified environment, non-nominal conditions not considered, etc..
Assumptions made in section 3.2.3 may have an impact on the representativeness of the validation results.
The validation performed provides the evidence that three aerodromes can be controlled by only one ATCO at the same time; and the number of total and simultaneous movements under certain circumstances.
Even if the validation had increased traffic loads (both in terms of total movements per hour and simultaneous movements), these were controlled in a safe manner with acceptable Situational Awareness and Workload. From this it can be assumed that operating with the planned traffic levels will be acceptable.
Refer also to chapter 4.3.1.
12. [bookmark: _Toc5974726]Quality of Validation Exercises Results
This section describes all issues concerning the quality of the results achieved in the Validation Exercise 1. In that regard quality could refer to both the accuracy of results and the confidence in the results, which might be influenced by decisions, constraints, and assumptions made at exercise level. 
See chapter 4.3.1.1. for Quality of Validation Exercises Results
12. [bookmark: _Toc5974727]Significance of Validation Exercises Results
Significance of the results refers to statistical and operational significance. Statistical significance will be based on the number of independent variables of the different Validation Exercise and the number of exercise runs carried out. Operational significance concerns operational realism of the different Validation Exercises which depends on a number of factors which are very much dependent on the chosen environment.
See chapter 4.3.1.2 for Significance of Validation Exercise Results
1. [bookmark: _Toc5974728]Conclusions
This section gives a summary of the conclusions raised by Validation exercise 1 results analysis. It argues and prepares the recommendations.
The sub-sections below are indicative and the project can add additional ones if required depending on the scope of validation exercise 1.
The following section provides a summary of the conclusions obtained in the validation exercise divided in the following subsections:
1. Conclusions on concept clarification
1. Conclusions on technical feasibility
1. Conclusions on performance assessments
It should be noted that these conclusions are related exclusively to the simulated environment developed for this validation. 
13. [bookmark: _Toc5974729]Conclusions on concept clarification
This section shall capture all conclusions that are related to concept clarification and operational feasibility of the SESAR Solution that can be extracted from this validation exercise.
These conclusions need to be consolidated at SESAR Solution level in section 5 together with those extracted from other activities on the same SESAR Solution.
Through the V3 validation, an assessment of the concept has been performed, the following list details the conclusions related to the concept obtained through Exercise 003.
· Aerodrome complexity (e.g. layout) as well as traffic complexity should be considered when assigning airports into a MRTM 
· Aerodromes with same RWY designator should be avoided within the same MRTM when using a standardized generic call sign for the operator (e.g. “Remote”). 
· The simultaneous control of three aerodromes is feasible from a controller point of view, however the number of total movements and simultaneous movements need to be adapted according to the traffic characteristics, operational conditions and aerodrome complexity.
13. [bookmark: _Toc5974730][bookmark: _Toc5974731][bookmark: _Toc5974732]Conclusions on technical feasibility
This section shall capture all conclusions related to technical feasibility of the SESAR Solution that can be extracted from this validation exercise.
These conclusions need to be consolidated at SESAR Solution level in section 5 together with those extracted from other activities on the same SESAR Solution.
Through the V3 validation, an initial assessment of the concept has been performed, the following list details the conclusions related to the technical feasibility obtained through Exercise 003.
· Layout of aerodromes in two rows were acceptable from a controller perspective 
· All radar screens and EFS integrated in the same CWP were seen as an advantage. An integrated environment with a consistent HMI for all ATS tools lowers the workload for the operator. 
· Electronic Flight Strips provided great help in the situational awareness for the ATCO and should be considered mandatory for multiple operations.
· The Timeline Planning tool provided the ATCO with a good overview of planned traffic and could be used both for planning purposes and as an indication of the next flights to handle.

13. [bookmark: _Toc5974733]Conclusions on performance assessments
Results show that capacity of up to 25 movements for three aerodromes may be handled by one controller in one MRTM. Safety was not compromised during the validation. It was seen that with a high workload, efficiency was slightly lowered in some situations as the controller needed to hold traffic while dealing with other situations. 
Validation results per KPA and Transversal area that can be extracted from this validation exercise: Capacity, efficiency, predictability, safety, security, etc.
These conclusions need to be consolidated at SESAR Solution level in section 5 together with those extracted from other activities on the same SESAR Solution.
Conclusions related to Human Performance, Safety, Capacity and Cost Efficiency are described in detail in section 6.2.8.
1. [bookmark: _Toc5974734]Recommendations
This section contains recommendations that can be extracted from exercise 1 results (either for following validation exercises at the same Vx phase, or for the next maturity phases or close out of V3, and then to industrialization and deployment phases).
These recommendations need to be consolidated at SESAR Solution level in section 5 together with those extracted from other activities on the same SESAR Solution.
The following recommendations need to be considered:
· The use of Electronic Flight Strip (EFS) systems should be recommended in a multiple environment.
· Airport and Traffic complexity drives workload and should be carefully considered when combining aerodromes.A short term planning tool is recommended for multiple operations.
· An integrated HMI with a harmonized user interface and as few as possible input devices is recommended.





[bookmark: _Toc505698096][bookmark: _Toc22829108][bookmark: _Toc498523725]Validation EXE-05.02-V3-004 - FSP Results
Summary of the Validation EXE-05.02-V3-004
As in the VALP Multiple Remote Tower PJ05 D2.1.
Validation Exercise description, scope
The operational scope was the ATS provision by one ATCO at a time to two aerodromes categorized as “other environment” aerodromes (LHDC, LHPA) and a medium-sized aerodrome (LHBP) including a military aerodrome from an MRTM. This was assessed in (i) a real-time simulation (RTS) with five different scenarios and with a (ii) passive shadow mode (PSM) trial with actual traffic characteristics during daytime and night time. The validation was performed on a NARSIM platform extended by Frequentis and SELEX system for the RTS, and on Frequentis – HungaroControl platform for the PSM. 
The objective of the RTS was the assessment of the ATCOs’’ capability to provide ATS to three aerodromes simultaneously, with focus on situation awareness and workload. Traffic distribution (even/uneven) was varied between scenarios. Additionally, two scenarios included wind shear warnings and wind changes resulting in a RWY direction change. Another two scenarios included an unplanned RWY closure due to oil leakage and the fifth scenario introduced an emergency landing. ATCOs’’ responsibilities included Clearance Delivery, Ground Controller and Tower Runway Controller for all three aerodromes simultaneously. As another objective, usability of the HMI design (i.e. planning tool, wind visualisation) was assessed. 
PSM enabled the assessment of a real multiple remote environment. The real environment allowed to evaluate the visualization system and other HMI elements under specific circumstances (e.g. daytime, night, various meteorological conditions), and analyze possible degraded modes. The PSM was not applicable to evaluate controller workload, and the number of controlled variables was limited, although valuable feedback was collected concerning sufficient information sources, HMI design, and overall ATCO situational awareness.
The traffic volume was set to approximately 21 mov/h in the RTS to simulate a traffic peak and to fit the objectives of the exercise: Only by inducing a high traffic volume, potential problems can be identified and solutions developed. With the PSM trial the traffic volume and complexity matched to reality, thus unbalanced traffic distribution was present frequently.
Seven ATCOs’ participated in the first part of the validation: five civilian and two military controllers with experience in a span from 7 to more than 36 years (M = 18, SD = 10). The civil ATCOs’ are also the core team members of the Hungarian remote tower project thus have significant experience in the remote tower environment. However, during the PSM trial one military ATCO could not participate and was substituted by a civilian ATCO. 
All ATCOs’ had experience with working in MRTM from the previous validation campaign during the RTS. Although being a new participant in the PSM, the civilian ATCO also had previous experience with the Braunschweig RTS being the one who tested the platform and the traffic samples during the Test week in 2018.

Aerodrome Characteristics
As described in the Validation Plan, the three aerodromes used were:
LHDC – Debrecen (civil)
LHPA – Pápa (military)
LHBP – Budapest (civil), RWY 1 only
Even though LHBP is a medium-sized aerodrome, for the real-time simulation only one RWY was used and traffic levels were set to fit the scope of Solution 2 (max. 21mov/h for all aerodromes). 

Debrecen civil regional aerodrome (LHDC)
As a former military airbase it is the major regional airport at the eastern part of Hungary, located on the west edge of the city. It has a simple layout, and low intensity traffic, mainly VFR and a small number of international IFR flights. It is poorly equipped with surveillance and navigational aids.
[image: ]
[bookmark: _Toc498523814][bookmark: _Toc22829006]Figure 60 Debrecen civil regional aerodrome


Pápa military aerodrome (LHPA)
Pápa airbase is one of the three military aerodromes of the Hungarian Air Force, located in the western part of Hungary and on the northern edge of the town Pápa. It has a classic single RWY layout; the traffic intensity varies depending on military OAT/GAT (VFR/IFR) flights and missions of the NATO Heavy Airlift Wing (key pillar of NATO Strategic Airlift Capability (SAC) Program) and SAR unit stationed at Pápa. The airbase is equipped with basic NATO standard surveillance and navigational aids and services, however only a limited surveillance capacity (provided by the radar stations of HungaroControl) was assumed during the simulation.

[image: ]
[bookmark: _Toc498523815][bookmark: _Toc22829007]Figure 61 Pápa military aerodrome
Budapest runway1 (LHBP)
[bookmark: _Toc498523816][bookmark: _Toc12956792][bookmark: _Toc490652906]The airport is located in the middle of Hungary as the major international airport of the country. The runway direction of northwest-southeast puts the city right into the centerline of runways. The airport lies 16 kilometers (9.9 miles) southeast of the center of Budapest. It handles relatively high number of traffic, not only IFR but some VFR as well and is well equipped with surveillance and navigation systems like A-SMGCS, terminal radars, ILS, and AGL. The airport has 2 runways but only one (Direction 13R/31L, Length 3,010, Surface: Asphalt concrete) was used in the simulation.


[bookmark: _Toc22829008]Figure 62 Schematics of Budapest airport
 Validation platform
The validation platform consisted of the following main parts:
1.    Visualisation system (panoramic view) with overlays and labels for LHBP based on ground radar data and wind visualisation
1.    PTZ camera panel
Support displays (radar + LHBP: ground radar/A-SMGCS)
WACOM panel (planning and flight data handling system) – operated by pen
NumPad for ground communication channels
[image: ]
[bookmark: _Toc22829009]Figure 63 The RTS platform
The three aerodromes are displayed on top of each other (top-bottom) and the flight strip system and radar screens from left to right, accordingly. The panoramic view was fixed on 200°. A manual PTZ was used. For each aerodrome two hot spots were predefined. 
Radar coverage was limited at LHPA and LHDC to 1000 feet and above.
Weather information (wind direction, strength, cross wind, tail wind, visibility, QNH) and RWY information (aerodrome ICAO code, RWY direction, designator) are presented in a combined wind rose overlay on both RWY ends. The overlay at the RWY in use is fully visible while the other is slightly greyed out. A RWY direction change via the flight strip system results in the highlighting/greying-out of the respective wind rose. If a RWY is blocked by the ATCO on the flight strip system, the outer circle of the wind rose turns red to indicate the blockage on the panoramic view.
The frequency was coupled for all three aerodromes. A squelch indication in the panoramic view (coloured bars on top of each aerodrome panorama) and on the flight strip system is integrated to highlight from which aerodrome the transmission came. When the ATCO transmitted, all bars and flight strip bays were highlighted to signal that a transmission was sent out. Ground frequencies were not coupled. Telephone lines to APP, DAM and MET office were available for every aerodrome and operated via buttons on the flight strip system. Coordination with a/c, ground, services and approach (adjacent sector) was thus possible and necessary.
Note that the simulation platform and its technical capabilities have been designed in a way to closely match the one expected for the PSM trial. Consequently, A-SMGCS was available for LHBP only to match real equipment at the aerodrome, the camera locations at LHBP were in line with the PSM installation and as already discussed, limited surveillance was applied for LHPA and LHDC. For LHBP, labels for all vehicles were generated in the panoramic view.
The following photo illustrates the main parts of the PSM platform:
1. Panoramic sceens with overlays and labels for LHBP based on ground radar data. The first row of monitors show LHBP, the middle row corresponds to LHPA and the last row illustrates LHDC The zoom level for the panoramic view could be adjusted, which is also shown in the figure below. The frames displayed on the three screens correspond to the PTZ viewing direction.
1. PTZ camera panel with the pre-set buttons (hotspots, zoom levels). PTZs could be either controlled by (i) clicking on the desired location on the panoramic screen, (ii) selecting a pre-set button, (iii) moving the mouse on the PTZ screen to a specific point or press longer to follow an a/c. Aircraft could also be automatically followed by selecting it on the ground radar at LHBP, however, this functionality was still under development.
Support displays (radar + LHBP: ground radar). The yellow polygon illustrates the viewing angle of the PTZ at LHBP.
WACOM panel (planning and flight data handling system) – operated by pen
Voice communication system (the radio transmission could be shadowed for the three aerodromes).
Communication channel for the ground vehicles at LHBP (which could also be listened to).
[image: ]
[bookmark: _Toc22829010]Figure 64 The PSM platform 

Summary of Validation EXE-05.02-V3-004 Validation Objectives and success criteria 
	SESAR Solution Validation Objective
	SESAR Solution Success criteria
	Coverage and comments on the coverage of SESAR Solution Validation Objective in Exercise V3-004
	Exercise Validation Objective
	Exercise Success criteria

	HUMAN PERFORMANCE – SITUATION AWARENESS

	OBJ-PJ05.00-V3-VALP-H02
	CRT-PJ05.02-V3-VALP-H02-010
	Fully covered
questionnaires
	as solution
	as solution

	OBJ-PJ05.00-V3-VALP-H02
	CRT-PJ05.02-V3-VALP-H02-020
	Fully covered
questionnaires
	as solution
	as solution

	OBJ-PJ05.00-V3-VALP-H02
	CRT-PJ05.02-V3-VALP-H02-030
	Fully covered
questionnaires
	as solution
	as solution

	OBJ-PJ05.00-V3-VALP-H02
	CRT-PJ05.02-V3-VALP-H02-040
	Fully covered
questionnaires
	as solution
	as solution

	HUMAN PERFORMANCE – WORKLOAD

	CRT-PJ05.00-V3-VALP-H04
	CRT-PJ05.02-V3-VALP-H04-010
	Fully covered
questionnaires
	as solution
	as solution

	HUMAN PERFORMANCE – ACCEPTANCE OF OPERATING METHODS / ROLES

	OBJ-PJ05.00-V3-VALP-H06
	CRT-PJ05.02-V3-VALP-H06-010
	Fully covered
questionnaires
	as solution
	as solution

	OBJ-PJ05.00-V3-VALP-H07
	CRT-PJ05.02-V3-VALP-H07-010
	Fully covered
questionnaires
	as solution
	as solution

	OBJ-PJ05.00-V3-VALP-H08
	CRT-PJ05.02-V3-VALP-H08-010
	Fully covered
questionnaires
	as solution
	as solution

	HUMAN PERFORMANCE – USABILITY and UTILITY

	OBJ-PJ05.00-V3-VALP-H11
	CRT-PJ05.02-V3-VALP-H11-010
	Fully covered
questionnaires
	as solution
	as solution

	OBJ-PJ05.00-V3-VALP-H11
	CRT-PJ05.02-V3-VALP-H11-020
	Partially covered 
depending on system
	as solution
	as solution

	OBJ-PJ05.00-V3-VALP-H11
	CRT-PJ05.02-V3-VALP-H11-030
	Fully covered
questionnaires
	as solution
	as solution

	OBJ-PJ05.00-V3-VALP-H11
	CRT-PJ05.02-V3-VALP-H11-040
	Partially covered 
depending on system
	as solution
	as solution

	OBJ-PJ05.00-V3-VALP-H11
	CRT-PJ05.02-V3-VALP-H11-050
	Fully covered
questionnaires
	as solution
	as solution

	OBJ-PJ05.00-V3-VALP-H11
	CRT-PJ05.02-V3-VALP-H11-060
	Partially covered

	as solution
	as solution

	HUMAN PERFORMANCE – TRUST 

	OBJ-PJ05.00-V3-VALP-H13
	CRT-PJ05.02-V3-VALP-H13-040
	Fully covered
questionnaires
	as solution
	as solution

	OBJ-PJ05.00-V3-VALP-H13
	CRT-PJ05.02-V3-VALP-H13-060
	Partially covered 
	as solution
	as solution

	OBJ-PJ05.00-V3-VALP-H13
	CRT-PJ05.02-V3-VALP-H13-070
	Partially covered 
depending on system
	as solution
	as solution

	SAFETY - GENERAL

	OBJ-PJ05.00-V3-VALP-S01
	CRT-PJ05.02-V3-VALP-S01-010
	Partially covered
	as solution
	as solution

	OBJ-PJ05.00-V3-VALP-S01
	CRT-PJ05.02-V3-VALP-S02-010
	Partially covered
Workshop
	as solution
	as solution

	OBJ-PJ05.00-V3-VALP-S01
	CRT-PJ05.03-V3-VALP-S03-010
	Partially covered
Workshop
	as solution
	as solution

	SAFETY 

	OBJ-PJ05.00-V3-VALP-S04
	CRT-PJ05.02-V3-VALP-S04-010
	Fully covered
questionnaires
	as solution
	as solution

	OBJ-PJ05.00-V3-VALP-S04
	CRT-PJ05.02-V3-VALP-S04-020
	Partially covered
debriefing
	as solution
	as solution

	OBJ-PJ05.00-V3-VALP-S04
	CRT-PJ05.02-V3-VALP-S04-030
	Fully covered
questionnaires
	as solution
	as solution

	OBJ-PJ05.00-V3-VALP-S04
	CRT-PJ05.02-V3-VALP-S04-040
	Fully covered
questionnaires
	as solution
	as solution

	OBJ-PJ05.00-V3-VALP-S05
	CRT-PJ05.02-V3-VALP-S05-010
	Fully covered
questionnaires
	as solution
	as solution

	OBJ-PJ05.00-V3-VALP-S06
	CRT-PJ05.02-V3-VALP-S06-010
	Fully covered
questionnaires
	as solution
	as solution

	OBJ-PJ05.02-V3-VALP-S07
	CRT-PJ05.02-V3-VALP-S07-010
	Partially covered
Workshop
	as solution
	as solution

	OBJ-PJ05.02-V3-VALP-S07
	CRT-PJ05.02-V3-VALP-S07-020
	Partially covered
Workshop
	as solution
	as solution

	CAPACITY

	OBJ-PJ05.00-V3-VALP-CA1
	CRT-PJ05.00-V3-VALP-CA1.010
	Fully covered
questionnaires
	as solution
	as solution

	COST EFFIENCY

	OBJ-PJ05.00-V3-VALP-CE1
	CRT-PJ05.00-V3-VALP-CE1.010
	Fully covered
questionnaires
	as solution
	as solution




Summary of Validation EXE-05.02-V3-2.4 Validation scenarios
Real-Time Simulation
The following validation scenarios have been created for EXE-05.02-V3-2.4 based on the validation objectives. The scenarios were created for a real-time simulation environment. The validation scenarios represent three small sized aerodromes simultaneously. The solution scenarios were varied by selected parameters (traffic volume, traffic complexity). Table 23 presents the timetable of the scenarios. Each colour represents a different ATCO. 
[bookmark: _Ref506898652][bookmark: _Toc22829156]Table 23 Timetable for the EXE-05.02-V3-004 RTS
[image: ]
The scenarios were presented in a randomized order with the exception of SCN 5 always being the second-to-last run. The scenarios are described in detail in the table below. Traffic distribution (even/uneven) and type of incident were varied across scenarios. The scenarios also addressed specific Use Cases that are described below.
The scenarios included an emergency (SCN 5), an unplanned RWY closure due to an oil leakage  reported by an arriving a/c (SCN 1 + 3), wind shears, a wind direction change and an a/c vacating on the wrong side of the RWY that needed further guidance to the apron (SCN 2 + 4).  

	Scenario ID
	Duration (min)
	Number of aero-dromes
	Traffic volume (mov/h)
	Visibility conditions / time of day
	Traffic distribution
	Traffic complexity
	Type of incident
	Use Cases ID

	Training
	50
	3
	21
	VMC / day
	even
	Mainly IFR (90%)
	none
	none

	SCN 1
	50
	3
	21
	VMC / day
	uneven (LHBP 45% traffic)
	Mainly IFR (90%)
	Unplanned closure of AD (hydraulics leakage)
	1:1, 1:3, 1:4, 1:5, 1:6, 1:7, 1:8

	SCN 2
	50
	3
	21
	VMC / day
	uneven (LHBP 45% traffic)
	Mainly IFR (90%)
	RWY Direction Change
	1:1, 1:3, 1:4, 1:5, 1:6, 1:7, 1:8

	SCN 3
	50
	3
	21
	VMC / day
	even
	Mainly IFR (90%)
	Unplanned closure of AD (hydraulics leakage)
	1:1, 1:3, 1:4, 1:5, 1:6, 1:7, 1:8

	SCN 4
	50
	3
	21
	VMC / day
	even
	Mainly IFR (90%)
	RWY Direction Change
	1:1, 1:3, 1:4, 1:5, 1:6, 1:7, 1:8

	SCN 5
	30
	3
	21
	VMC / day
	even
	Mainly IFR (90%)
	AC emergency (single engine failure, no fire)
	1:1, 1:3, 1:4, 1:5, 1:6, 1:7, 1:8,  2:3



	EXE-05.02-V3-004 Use Cases NORMAL CONDITIONS

	Use case ID
	Use Case description

	UC 1:1
	Provide ATS with simultaneous movements (ground and air) at different aerodromes from one MRTM

	UC 1:3
	Control of Vehicles in the Maneuvering Area to different aerodromes

	UC 1:4
	Provide ATS to simultaneous landings at different aerodromes

	UC 1:5
	Provide ATS to simultaneous departures at different aerodromes

	UC 1:6
	Provide ATS to a landing and a departing aircraft simultaneously at different aerodromes

	UC 1:7
	VFR flight in the traffic circuit with an arriving IFR flight with simultaneous movements on another aerodrome

	UC 1:8
	Ensure that the ATCO is able to avoid task overload, ATCO able to prioritize and control traffic to reduce current workload, e.g. RWY incursion, several simultaneous VFR arrivals, aircraft with malfunction

	UC 2:3
	Emergency Situation (no splitting as requested by HC)


















Passive Shadow Mode
The main independent variable during the PSM was the daytime, thus it was considered vital to have every participating ATCO experience both daytime environment and night-time conditions. With this in mind, the following timetable has been applied. Each colour represents different participant. Note that due to conflicting schedules the military controller could not stay for the whole session, and had to leave after the first part (i.e. three exercises in total).
[bookmark: _Toc22829157]Table 24 Timetable for the EXE-05.02-V3-004 PSM
	Duration
	28th 
	29th
	30th
	31th

	8:00 - 9:00
	SCN1- Session1
	SCN1- Session1
	SCN1- Session1
	 

	9:00 - 10:00
	SCN1- Session1
	SCN1- Session1
	SCN1- Session1
	SCN1- Session4

	10:00 - 11:00
	SCN1- Session2
	SCN1- Session2
	SCN1- Session2
	 

	11:00 - 12:00
	SCN1- Session2
	SCN1- Session2
	SCN1- Session2
	SCN1- Session5

	12:00 - 13:00
	SCN1- Session3
	SCN1- Session3
	SCN1- Session3
	 

	13:00 - 14:00
	SCN1- Session3
	SCN1- Session3
	SCN1- Session3
	SCN1- Session6

	14:00 - 15:00
	SCN1- Session4
	SCN1- Session4
	SCN1- Session4
	

	15:00 - 16:00
	SCN1- Session1
	SCN1- Session4
	SCN1- Session4
	

	16:00 - 17:00
	SCN1- Session5
	SCN1- Session5
	SCN1- Session5
	

	17:00 - 18:00
	SCN1- Session2
	SCN1- Session5
	SCN1- Session5
	

	18:00 - 19:00
	SCN2- Session6
	SCN2- Session6
	SCN2- Session6
	

	19:00 - 20:00
	SCN2- Session3
	SCN2- Session6
	SCN2- Session6
	



For the second part of the exercise, being a passive shadow mode validation, the traffic characteristics have been determined by the actual traffic of the three aerodromes. The sessions could only be clearly distinguished by the Time of the Day variable (i.e. daylight vs night). This condition was also the main driving factor when evaluating the video wall and PTZs. Although the same use cases have been expected as in the RTC (with the added 1:9, degraded mode), limitations of the passive shadow environment should be taken into consideration.
	Scenario ID
	N° AD
	Duration
	Mvmt/h
	Time of day
	Distribution
	Operational 
modes
	IFR/VFR
	Use Cases ID

	SCN 1
	3
	60 min
	LHBP between 5 and 29
LHDC between 0 and 4 
LHPA between 0 and 6
	Daylight 
	Uneven
	Normal/
Degraded
	Mainly IFR in LHBP, mixed in LHDC and LHPA
	1:1, 1:3, 1:4, 1:5, 1:6, 1:7, 1:8, 1:9

	SCN 2
	3
	60 min
	LHBP between 4 and 26
LHDC between 0 and 3
LHPA between 0 and 2
	Sunset/Night
	Uneven
	Normal/
Degraded
	Mainly IFR in LHBP, mixed in LHDC and LHPA
	1:1, 1:3, 1:4, 1:5, 1:6, 1:7, 1:8, 1:9



Summary of Validation EXE-05.02-V3-004 Validation Assumptions
Real-Time Simulation

	[bookmark: _Toc505698136]Identifier
	Title
	Type of Assumption
	Description
	Justification
	Flight Phase
	KPA Impacted
	Source
	Value(s)
	Owner
	Impact on Assessment

	ASM-
PJ05-V2-VALP-
EX4.01
	Military traffic
	Traffic characteristics
	Military traffic will be handled as GAT traffic
	A full scale of military traffic will not be simulated
	TMA
	HP
SAF
CAP
	
	
	EXE4
	Low

	ASM-
PJ05-V2-VALP-
EX4.02
	Coupled Frequencies
	Voice Communication
	Frequencies of the three airports will be coupled to one, resulting no switching needed by the ATCO to select them
	The traffic can be managed in a safe and adequate manner
	TMA
	HP
SAF
CAP
	
	
	EXE4
	High

	ASM-
PJ05-V2-VALP-
EX4.03
	Phraseology
	Voice Communication
	All stakeholders (SHs) are aware of which 
TMA is supposed to be affected for all messages. Automated ATIS is assumed for LHDC and LHPA.
	A proper phraseology is available for ATCOs’ and pseudo pilots (and other SHs) to distinguish between 
TMAs, the situation awareness is adequate for all SHs
	TMA
	HP
SAF
CAP
	
	
	EXE4
	High

	ASM-
PJ05-V2-VALP-
EX4.04
	Harmonized procedures
	Operating methods
	Operating methods have been harmonized for each aerodrome (similar IFR and VFR ATC clearance for each airport- e.g. initial climbing altitude 7000’-, pre-defined VFR entry points)
	The requirement for harmonized procedures have been established building upon the outcomes of V2.
	TMA
	HP
SAF
CAP
	
	
	EXE4
	High


Table 25: Validation Assumptions overview








Passive Shadow Mode
	Identifier
	Title
	Type of Assumption
	Description
	Justification
	Flight Phase
	KPA Impacted
	Source
	Value(s)
	Owner
	Impact on Assessment

	ASM-
PJ05-V2-VALP-
EX4.05
	Independent Frequencies
	Voice Communication
	Frequencies of the three airports will not be coupled
	Passive shadow mode characteristics
	CTR
	HP
SAF
CAP
	
	
	EXE4
	High

	ASM-
PJ05-V2-VALP-
EX4.06
	Traffic mix and complexity
	Traffic characteristics
	Although the scenarios will be planned based on flight schedules, this may vary due to the real environment. Abnormal situations cannot be planned. 
	Passive shadow mode characteristics
	CTR
	HP
SAF
CAP
	
	
	EXE4
	High




Deviation from the planned activities
Deviations in Objectives and/or Success Criteria:

	SESAR Solution Validation Objective
	SESAR Solution Success criteria
	Coverage 

	HUMAN PERFORMANCE – USABILITY and UTILITY

	OBJ-PJ05.02-V3-VALP-H11

	CRT-PJ05.02- V3-VALP-H11-040
	Partially covered

	
	CRT-PJ05.02-V3-VALP-H11.080
	Not covered

	HUMAN PERFORMANCE – TRUST

	OBJ-PJ05.02-V3-VALP-H13

	CRT-PJ05.02- V3-VALP-H13-040
	Fully covered

	
	CRT-PJ05.02- V3-VALP-H13-050
	Not covered

	
	CRT-PJ05.02- V3-VALP-H13-070
	Partially covered

	SAFETY

	OBJ-PJ05.02-V3-VALP-S06
	CRT-PJ05.02- V3-VALP-S06-010
	Fully covered





Validation EXE-05.02-V3-004 Results
Summary of Validation EXE-05.02-V3-004 Results

	Validation EXE-05.02-V3-2.4 Validation Objective ID
	Validation EXE-05.02-V3-2.4 Validation Objective Title
	Validation EXE-05.02-V3-2.4 Success Criterion ID
	Validation EXE-05.02-V2-2.4 Success Criterion
	Sub-operating environment
	EXE-05.02-V3-2.4 Validation Results
	Validation EXE-05.02-V3-2.4 Validation Objective Status

	OBJ-PJ05.02-V3-VALP-H02
	HUMAN PERFORMANCE – SITUATION AWARENESS
	CRT-PJ05.02-V3-VALP-H02-010
	ATCOs’ situation awareness is at an acceptable level
	APT Low
APT Medium
	See section 6.4.7.2.1
	OK

	OBJ-PJ05.02-V3-VALP-H02
	HUMAN PERFORMANCE – SITUATION AWARENESS
	CRT-PJ05.02-V3-VALP-H02-020
	ATCOs’ can prioritize tasks
	APT Low
APT Medium
	See section 6.4.7.2.1
	

	OBJ-PJ05.02-V3-VALP-H02
	HUMAN PERFORMANCE – SITUATION AWARENESS
	CRT-PJ05.02-V3-VALP-H02-030
	ATCOs’ confirm that the user interface design supports a sufficient level of individual situation awareness
	APT Low
APT Medium
	See section 6.4.7.2.1
	

	OBJ-PJ05.02-V3-VALP-H02
	HUMAN PERFORMANCE – SITUATION AWARENESS
	CRT-PJ05.02-V3-VALP-H02-040
	ATCO maintain an adequate level of situation awareness, despite having to divide their attention to several airports with different procedures and characteristics (geographical area, urban infrastructure, weather conditions etc.)
	APT Low
APT Medium
	See section 6.4.7.2.1
	

	CRT-PJ05.02-V3-VALP-H04
	HUMAN PERFORMANCE – WORKLOAD
	CRT-PJ05.02-V3-VALP-H04-010
	ATCOs’ workload is at an acceptable level
	APT Low
APT Medium
	See section 6.4.7.2.2
	OK

	OBJ-PJ05.02-V3-VALP-H06
	HUMAN PERFORMANCE – ACCEPTANCE OF OPERATING METHODS / ROLES
	CRT-PJ05.02-V3-VALP-H06-010
	ATCOs’ can apply operating methods in an accurate, efficient and timely manner
	APT Low
APT Medium
	See section 6.4.7.2.3
	Partially OK

	OBJ-PJ05.02-V3-VALP-H07
	HUMAN PERFORMANCE – ACCEPTANCE OF OPERATING METHODS / ROLES
	CRT-PJ05.02-V3-VALP-H07-010
	Changes to ATCOs’ roles and responsibilities introduced by the remote tower concept are clear, consistent, stable and acceptable.
	APT Low
APT Medium
	See section 6.4.7.2.3
	Partially OK

	OBJ-PJ05.02-V3-VALP-H08
	HUMAN PERFORMANCE – ACCEPTANCE OF OPERATING METHODS / ROLES
	CRT-PJ05.02-V3-VALP-H08-010
	The phraseology is acceptable for the ATCO
	APT Low
APT Medium
	See section 6.4.7.2.3
	OK

	OBJ-PJ05.02-V3-VALP-H11
	HUMAN PERFORMANCE – USABILITY and UTILITY
	CRT-PJ05.02-V3-VALP-H11-010
	ATCOs’ have all required information available
	APT Low
APT Medium
	See section 6.4.7.2.4
	OK

	OBJ-PJ05.02-V3-VALP-H11
	HUMAN PERFORMANCE – USABILITY and UTILITY
	CRT-PJ05.02-V3-VALP-H11-020
	ATCOs’ confirm adequate usability of input devices
	APT Low
APT Medium
	See section 6.4.7.2.4
	OK

	OBJ-PJ05.02-V3-VALP-H11
	HUMAN PERFORMANCE – USABILITY and UTILITY
	CRT-PJ05.02-V3-VALP-H11-030
	ATCOs’ confirm adequate usability of ATS-Systems.
	APT Low
APT Medium
	See section 6.4.7.2.4
	OK

	OBJ-PJ05.02-V3-VALP-H11
	HUMAN PERFORMANCE – USABILITY and UTILITY
	CRT-PJ05.02-V3-VALP-H11-040
	ATCOs’ confirm adequate usability of alarms and alerts
	APT Low
APT Medium
	See section 6.4.7.2.4
	Partially OK

	OBJ-PJ05.02-V3-VALP-H11
	HUMAN PERFORMANCE – USABILITY and UTILITY
	CRT-PJ05.02-V3-VALP-H11-050
	The human machine interface does not increase the potential for human error
	APT Low
APT Medium
	See section 6.4.7.2.4
	OK

	OBJ-PJ05.02-V3-VALP-H11
	HUMAN PERFORMANCE – USABILITY and UTILITY
	CRT-PJ05.02-V3-VALP-H11-060
	ATCOs’ confirm the usability of the PTZ
	APT Low
APT Medium
	See section 6.4.7.2.4
	OK

	OBJ-PJ05.02-V3-VALP-H13
	HUMAN PERFORMANCE – TRUST 
	CRT-PJ05.02-V3-VALP-H13-040
	ATCO trust in reliability of alarms and alerts
	APT Low
APT Medium
	See section 6.4.7.2.5
	OK

	OBJ-PJ05.02-V3-VALP-H13
	HUMAN PERFORMANCE – TRUST
	CRT-PJ05.02-V3-VALP-H13.060
	ATCO trust the overlaid information
	APT Low
APT Medium
	See section 6.4.7.2.5
	OK

	OBJ-PJ05.02-V3-VALP-H13
	HUMAN PERFORMANCE – TRUST 
	CRT-PJ05.02-V3-VALP-H13-070
	ATCO rate the usability of automatic object tracking and bounding as adequate
	APT Low
APT Medium
	See section 6.4.7.2.5
	OK

	OBJ-PJ05.02-V3-VALP-S01
	SAFETY - GENERAL
	CRT-PJ05.02-V3-VALP-S01-010
	The Safety Acceptance Criteria are satisfied (i.e. no increase of risk with respect to a situation in which ATC services are remotely provided by a controller to a single remote tower). 
Note: A risk assessment is performed.
	APT Low
APT Medium
	See section 6.4.7.2.6
	OK

	OBJ-PJ05.02-V3-VALP-S02
	SAFETY - GENERAL
	CRT-PJ05.02-V3-VALP-S02-010
	The Safety Acceptance Criteria are satisfied.
Note: A risk assessment is performed.
	APT Low
APT Medium
	See section 6.4.7.2.6
	Partially OK

	OBJ-PJ05.02-V3-VALP-S03
	SAFETY - GENERAL
	CRT-PJ05.02-V3-VALP-S03-010
	The Safety Acceptance Criteria are satisfied.
Note: A risk assessment is performed.
	APT Low
APT Medium
	See section 6.4.7.2.6
	OK

	OBJ-PJ05.02-V3-VALP-S04
	SAFETY
	CRT-PJ05.02-V3-VALP-S04-010
	ATCO is able to identify and solve potential conflicts in a timely manner:
· In the vicinity of the aerodrome
· In the runway area 
· On the manoeuvring area
	APT Low
APT Medium
	See section 6.4.7.2.7
	OK

	OBJ-PJ05.02-V3-VALP-S04
	SAFETY
	CRT-PJ05.02-V3-VALP-S04-020
	ATCO is able to identify and solve hazardous situations in a timely manner (e.g.):
· Unstable approaches
· Bird strikes
· Aircraft not vacating RWY as expected
	APT Low
APT Medium
	See section 6.4.7.2.7
	OK

	OBJ-PJ05.02-V3-VALP-S04
	SAFETY
	CRT-PJ05.02-V3-VALP-S04-030
	 ATCO is able to distinguish with which aircraft, vehicle at which aerodrome the ATCO is communicating with 
	APT Low
APT Medium
	See section 6.4.7.2.7
	OK

	OBJ-PJ05.02-V3-VALP-S04
	SAFETY
	CRT-PJ05.02-V3-VALP-S04-040
	 ATCO is able to distinguish with which sector the ATCO is communicating with
	APT Low
APT Medium
	See section 6.4.7.2.7
	OK

	OBJ-PJ05.02-V3-VALP-S05
	SAFETY
	CRT-PJ05.02-V3-VALP-S05-010
	ATCO is able to foresee traffic at his/her MRTM at short term in order to avoid overloads
	APT Low
APT Medium
	See section 6.4.7.2.7
	OK

	OBJ-PJ05.02-V3-VALP-S06
	SAFETY
	CRT-PJ05.02-V3-VALP-S06-010
	ATCO is able to identify and manage abnormal situations (e.g. unknown flight, emergency, crash on airport or vicinity, unplanned closure)
	APT Low
APT Medium
	See section 6.4.7.2.7
	Partially OK

	OBJ-PJ05.02-V3-VALP-S07
	SAFETY
	CRT-PJ05.02-V3-VALP-S07-010
	ATCO is able to detect and recover from a failure occurring at one of the airports affecting (e.g.):
· Communication
· Visualisation system
· Other airport systems / infrastructure
	APT Low
APT Medium
	See section 6.4.7.2.7
	OK

	OBJ-PJ05.02-V3-VALP-S07
	SAFETY
	CRT-PJ05.02-V3-VALP-S07-020
	ATCO is able to detect and recover from a failure occurring in several airport (e.g):
· Communication
· Visualisation system
· Other airport systems / infrastructure
	APT Low
APT Medium
	See section 6.4.7.2.7
	Partially OK

	OBJ-PJ05.02-V3-VALP-CA1
	CAPACITY
	CRT-PJ05.02-V3-VALP-CA1-010
	An indication for controller capacity is given (simultaneous movements) when ATS is provided to multiple remote towers
	APT Low
APT Medium
	See section 6.4.7.2.8
	Partially OK

	OBJ-PJ05.02-V3-VALP-CE1
	COST EFFICIENCY
	CRT-PJ05.02-V3-VALP-CE1-010
	ATCO can provide ATS to x number of aerodromes
	APT Low
APT Medium
	See section 6.4.7.2.9
	OK


[bookmark: _Ref504044800][bookmark: _Ref504044796][bookmark: _Toc505698137][bookmark: _Toc22829158]Table 25: Validation Results for EXE-05.02-V3-004

[bookmark: _Analysis_of_EXE-05.02-V2-2.4]Analysis of EXE-05.02-V3-004 Results per Validation objective
In this section, results for each validation objective are presented in detail. The criteria were assessed with two questionnaires and semi-structured debriefing interviews. One questionnaire was administered after each run (post-run, PR) and the second at the end of the second day (post-exercise, PE). Therefore, the PR data is averaged over 7 ATCOs’ x 5 scenarios = 35 runs, while the PE data is averaged over the 7 ATCOs’. 
The measures used were validated questionnaires and tailored questions. The tailored questions were mostly answered on a 0-6 agreement scale (0 - “strongly disagree”; 6 - “strongly agree”). Deviations from this standard are reported for the items concerned.
If applicable, comments from the debriefing interviews are presented for the respective objective.
Similar data collection methodology has been applied to the Passive Shadow Mode trial, however, emphasize has been put on free-text responses and debriefings. 
The PR questions were mainly in relation with the operational circumstances (e.g. number of movements at LHDC and LHPA; number of simultaneous movements, weather, non-nominal situations) and with situational awareness. Note that the ability to compare the results of independent runs is limited due to the possible differences generated by the real environment.
In contrast, the PE questions concerned usability of and trust in the ATM System (i.e. video wall, PTZs, overlays). The open-ended responses are mainly reported in this VALR, combined with the debriefing notes and the outcomes of the HP and Safety Workshop.
HUMAN PERFORMANCE – SITUATION AWARENESS
OBJ-PJ05.02-V3-VALP-H02 Results
OBJ: Assess ATCO situation awareness when providing ATS to multiple aerodromes
CRT-PJ05.02-V3-VALP-H02.010 
CRT: ATCOs’ situation awareness is at an acceptable level
Three validated measures (PR) and one tailored item (PE) were used for assessment. The China-Lake scale assesses SA on a 1-10 scale (1 = SA far too low; 10 = SA excellent). The SASHA questionnaire addresses SA in six items on a 0-6 scale with 6 indicating the best SA (unless it is a reversed item). Here, we provide the final SASHA score that combines the six items. The AIM-s questionnaire assesses the impact of automation on mental workload. It is rated on a 0-6 scale with 6 being the worst rating, contrary to the other measures used. It consists of 16 items, of which only 14 were used in the present validation. Two items were excluded because they focused on team interactions that were not relevant in the validation exercise. Here, the final score that combines the 14 remaining items is reported. The descriptive statistics for the measures are provided below.
 


	Measure
	SCN
	Min
	Max
	M
	SD

	China-Lake (PR)
	1
	8.00
	8.00
	8.00
	0.00

	
	2
	5.00
	9.00
	7.00
	1.73

	
	3
	7.00
	9.00
	8.14
	0.69

	
	4
	7.00
	9.00
	8.14
	0.69

	
	5
	7.00
	9.00
	8.00
	0.58

	
	Overall
	5.00
	9.00
	7.86
	0.97

	SASHA 
(PR)
	1
	4.00
	4.33
	4.19
	0.15

	
	2
	3.17
	4.67
	3.76
	0.45

	
	3
	4.00
	4.67
	4.43
	0.23

	
	4
	4.00
	4.83
	4.40
	0.33

	
	5
	3.67
	5.00
	4.33
	0.49

	
	Overall
	3.17
	5.00
	4.22
	0.42

	AIM-s
(PR)
	1
	2.57
	4.79
	3.63
	0.85

	
	2
	2.57
	5.07
	4.06
	0.91

	
	3
	2.50
	4.93
	3.56
	0.94

	
	4
	1.43
	5.36
	3.58
	1.29

	
	5
	2.36
	5.36
	3.98
	1.14

	
	Overall
	1.43
	5.36
	3.76
	1.00

	Tailored: SA (PE)
	
	1.00
	5.00
	4.00
	1.53


[image: ]
[image: ]China-Lake scale: Mean values that indicate an SA rating as being “good“ and a range of 7 (“not complete”) to 9 (“very good”), with the exception of SCN2 (mean rating “not complete”, range “reduced” to “very good”). The high standard deviation for SCN2 indicates that some of the ATCOs’ experienced problems with this scenario because the tendency of wind direction change was not sufficient to clearly indicate the need of the runway change. Once this limitation had been identified, additional trigger events have been applied (e.g. pilots crosswind report, MET office confirmation of the wind change). In this particular scenario, an uneven traffic distribution may have also contributed to the higher data variance. 
 
SASHA: Mean scores were above the centre of the scale, indicating acceptable to good SA. No critical scores were achieved, as indicated by the minimum values. 

[image: ]AIM-s: The mean scores of task effort indicated “much” effort with ranges around “very little” to “very much”. The highest scores are found in SCN2 (uneven traffic distribution + RWY direction change) and SCN5 (emergency landing). These findings are in line with our expectations, taking into account the novelty of the interface and the situation of providing ATS to three aerodromes at a time.
 

[image: ]Tailored: The item stated “I was generally able to maintain an adequate level of SA for each airport.” The mean value indicates ATCOs’ could generally maintain a sufficient SA for all aerodromes. 


Conclusion: The overall picture of the three measures indicates a good SA that is not considerably impaired by providing ATS to three aerodromes at a time. The effort seems increased as expected, yet not elevated to a critical level.

CRT-PJ05.02-V3-VALP-H02.020
CRT: ATCOs’ can prioritise tasks
Two validated measures (PR) and two tailored questions (PE) were used to assess task prioritisation: The AIM-s questionnaire has already been described. The adapted Cooper-Harper scale was used as a retrospect self-rating to assess challenging, possibly safety-critical situations. ATCOs’ rated how they solved the subjectively most challenging situation of each run. Values 1-3 indicate “no” to “minor impairment” with low to minor increased workload. Values 4-6 indicate an impairment of efficiency with “minor unpleasant” to “very disturbing delays”. Values 7-10 indicate an impairment of safety with “loss of ability to plan ahead” to “not being able to control the traffic any more”. Additionally, workload during the challenging situation was rated on a 1-5 scale, 5 indicating excessive workload. Descriptive values are shown below.


	Measure
	SCN
	Min
	Max
	M
	SD

	Adapted Cooper-Harper scale (PR)
	1
	2
	5
	3.86
	1.07

	
	2
	2
	6
	4.00
	1.53

	
	3
	2
	4
	3.43
	0.79

	
	4
	1
	5
	3.29
	1.38

	
	5
	2
	6
	4.43
	1.40

	
	Overall
	1
	6
	3.80
	1.23

	Adapted Cooper-Harper scale: Workload (PR)
	1
	2
	4
	3.29
	0.76

	
	2
	2
	5
	3.86
	1.22

	
	3
	2
	3
	2.86
	0.38

	
	4
	2
	4
	3.14
	0.69

	
	5
	3
	5
	3.86
	0.69

	
	Overall
	2
	5
	3.40
	0.85

	Tailored: prioritise tasks (PE)
	
	2
	5
	4.57
	1.13

	Tailored: traffic sequence (PE)
	
	4
	6
	4.86
	0.69



AIM-s: See CRT-PJ05.02-V3-VALP-H02.010 for description and results.

[image: ][image: ]Adapted Cooper-Harper scale: The mean values for the scale indicate minor increases in workload to minor unpleasant delays with a range of “no impairment” (1) to “very disturbing delays” (6). The highest scores were found in SCN2 and SCN5. Even though workload analysis showed medium to high load (SCN2 + 5) during the most challenging situation, no safety-critical situations (values 7+) were reported. 





[image: ]Tailored: ATCOs’ were asked if they were „generally able to a) prioritize tasks / b) set up a traffic sequence“. Mean values indicate ATCOs’ were able to achieve both, with setting up a traffic sequence displaying less variance.
Conclusion: ATCOs’ can prioritize tasks when providing ATS to three aerodromes at a time. The results show increased task effort and thereby workload but no safety-critical situations. 

CRT-PJ05.02-V3-VALP-H02.030
CRT: ATCOs’ confirm that the user interface design supports a sufficient level of individual SA
This criterion was assessed using the validated SASHA and AIM-s questionnaires (PR). Additionally, five tailored items (PE) were administered.
	Measure (tailored questions, PE)
	Min
	Max
	M
	SD

	Identify aircraft
	5
	6
	5.29
	0.49

	Identify vehicle
	4
	6
	5.00
	0.82

	Associate traffic with aerodrome
	4
	6
	5.29
	0.76

	Associate information with aerodrome
	4
	6
	5.14
	1.07

	Differentiate aerodromes
	5
	6
	5.29
	0.49



SASHA, AIM-s: See CRT-PJ05.02-V3-VALP-H02.010 for description and results.
[image: ] Tailored: ATCOs’ were asked if they were “generally able to…” (see graphic for item description). The mean values and standard deviations indicate high to very high ability to indetify objects, associate information with and differentiate between aerodromes. 
Debriefing: All ATCOs’ agreed that the smart strip planning tool was very helpful in order to set up a traffic sequence and plan ahead.
Conclusion: The user interface supported ATCO SA in a satisfactory way. The results indicate acceptable levels of SA for all SCN and a high ability to differentiate between the different aerodromes. Task effort is slightly increased when working in a MRT environment but does not significantly affect SA.

CRT-PJ05.02-V3-VALP-H02.040
CRT: ATCOs’ maintain an adequate level of SA, despite having to divide their attention to several airports with different procedures and characteristics. 
This criterion was assessed with the general SA measures (China-Lake scale, SASHA), the adapted Cooper-Harper scale and a tailored question (PR), as well as six tailored items (PE).
	Measure
	SCN
	Min
	Max
	M
	SD

	Mental switching (PR)
	1
	4
	6
	5.00
	0.57

	
	2
	4
	5
	4.86
	0.38

	
	3
	5
	6
	5.14
	0.38

	
	4
	5
	6
	5.29
	0.49

	
	5
	5
	6
	5.14
	0.38

	
	Overall
	4
	6
	5.09
	0.45

	A/C communication (PE)
	
	5
	6
	5.71
	0.49

	Aerodrome communication (PE)
	
	4
	6
	5.43
	0.79

	A/C – aerodrome association  (PE)
	
	4
	6
	5.43
	0.79

	Confuse local procedures (PE)
	
	0
	5
	2.43
	1.62

	Confuse geographical characteristics (PE)
	
	0
	2
	0.86
	0.69



[image: ][image: ]China-Lake scale, SAHSA; Tailored Situation Awareness (PE): see CRT-PJ05.02-V3-VALP-H02.010 for description and results.
Adapted Cooper-Harper scale: see CRT-PJ05.02-V3-VALP-H02.020 for description and results.
Tailored (PR): ATCOs’ were asked if they were “generally able to mentally switch between all three aerodromes”. The mean values indicate a high ability to do so, regardless of the scenario.
 

 Tailored (PE): ATCOs’ were asked if they were “generally aware of…” (see graphic for item description) to assess ability to distinguish between the aerodromes. As indicated by the mean values, they had no problems differentiating the aerodromes.
 



[image: ]Tailored (PE): ATCOs’ were asked if the were confused by the different procedures and characteristics of the aerodromes. Procedures were harmonized as far as possible. Yet initial climbing altitude differed for LHBP compared to LHDC and LHPA. The mean values remain below the centre of the scale for both items. There was almost no confusion about the geographical characteristics of the aerodromes. Although the local procedures were harmonized to a certain extent, confusion of these still shows a greater variance that might be explained by the ATCOs’’ different backgrounds and knowledge of three aerodromes in use.
Debriefing: The ATCOs’ recommended further standardization of procedures for unfamiliar aerodromes. 
PSM results: The runway direction differences has also been touched upon during the HP and SAF workshop. The issue of not having the directions aligned was also applicable in the simulation and PSM sessions, however, did not cause any problem. According to one ATCO, she had three completely seprated mental pictures of the aerodromes. This mitigated the weakness of having runway direction of 31 on the left of LHBP whilst having on the right side of the panoramic screen the 34 at LHPA.
Conclusion: Differences in procedures and characteristics during the RTS seemed not to affect SA.  ATCOs’ reported high ability to distinguish between the aerodromes. In spite of this, based on the debriefing sessions, great emphasis shall be placed on further harmonization. The PSM trials also highlighted the need to harmonize the procedures as much as possible. Furthermore, ATCOs’ will benefit from longer periods of training and familiarisation with the aerodromes concerned.


HUMAN PERFORMANCE – WORKLOAD
OBJ-PJ05.02-V3-VALP-H04 Results
OBJ: Assess ATCO workload when providing ATS to multiple aerodromes
CRT-PJ05.02-V3-VALP-H04.010
CRT: ATCOs’ workload is at an acceptable level
Workload was assessed with the validated AIM-s, Bedford scale and two tailored questions (PR) and the Instantaneous Self-Assessment of Workload technique (ISA) during each simulation run. The Bedford scale promotes self-assessment of the experienced workload on a 1-10 scale (1 = WL insignificant; 
10 = unable to perform task). The ISA scale was used to assess current workload and was answered every five minutes. Both the tailored item and the ISA scale were answered on a 1-5 scale (1 = low WL; 5 = excessive WL). 

	Measure
	SCN
	Min
	Max
	M
	SD

	Bedford (PR)
	1
	3
	7
	5.14
	1.46

	
	2
	3
	9
	5.57
	2.30

	
	3
	2
	6
	3.43
	0.98

	
	4
	2
	5
	3.43
	0.98

	
	5
	3
	7
	5.43
	1.81

	
	Overall
	2
	9
	4.60
	1.79

	Tailored: Workload
(PR)
	1
	2
	4
	3.43
	0.79

	
	2
	1
	4
	2.86
	1.22

	
	3
	3
	5
	3.71
	0.76

	
	4
	3
	5
	3.71
	0.76

	
	5
	1
	5
	3.43
	1.27

	
	Overall
	1
	5
	3.43
	0.98



[image: ]AIM-s: See CRT-PJ05.02-V3-VALP-H02.010 for description and results.
Bedford scale: The mean values indicate workload assessments between “enough spare capacity for additional tasks” (3) and “little spare capacity” (6). High individual differences were spotted with ratings between “low WL” (2) and “extremely high WL” (9). This may well be attributed to scenario difficulty and learning effects: the scenarios were assigned in randomized order. 
[image: ]SCN 2 (uneven traffic distribution + RWY direction change) seems to be more difficult compared to the others, except for SCN 5 (emergency) and therefore elicited a wider range of ratings. Yet, the mean scores remain below a critical level of WL (M = 7) for all scenarios, in accordance with the official Bedford Workload Scale evaluation guidance.

Tailored (PR): Two questions were asked. The first item stated “Throughout the previous run my workload remained at an acceptable level” and was answered on a 1-5 scale (1 = strongly agree; 5 = strongly disagree). The second question was a non-mandatory open question that asked ATCOs’ to detail which factors contributed to high WL. 
The results match the results of the Bedford scale: Mean WL ranged around 3 for SCN 1, 3 and 4. It was slightly higher for SCN 2 and 5, with a higher standard deviation indicating higher individual differences. 
The open question was answered 16 times (46% of all runs). Most statements concerned the increased amount of transmissions and calls to be answered (13), followed by difficult situations on one aerodrome that needed extra attention (5) and unexpected situations to be dealt with (4).

ISA: The scale showed up every 5 minutes. Results are presented on a timeline. Paralleling traffic density, WL rose towards the middle of the scenario and declined towards the end. Again, SCN 2 (uneven traffic distribution + RWY direction change) seems to be slightly more difficult than the others. Note that SCN 5 (emergency) only lasted 30 minutes.
  
Debriefing: ATCOs’ were explicitly asked which factors contributed most to their WL. Most ATCOs’ agreed that WL was acceptable most of the time. Yet, the higher amount of coordination and communication seemed to be the bottleneck for task performance. To counteract this, ATCOs’ proposed higher level of automation, an assistant for ground communication, VFR pre-coordination and standardized procedures for all three aerodromes to help reduce workload. Nevertheless ATCOs’ agreed in having experienced a strong learning effect throughout the exercise and that the planning tool was very helpful. 
PSM evaluation: After each session of the PSM trial ATCOs’ were asked to subjectively assess the traffic level and the traffic complexity. The figures below represent the responses to the two questions, respectively. According to the results ATCOs’ regarded the traffic volume mostly very light, with occasional increase during the forenoon and afternoon session. These correspond to the periods when there were movements at LHDC and most importantly, at LHPA (i.e. touch and go-s).

[bookmark: _Toc22829011]Figure 65 Subjective evaluation of the traffic level during the PSM trials

[bookmark: _Toc22829012]Figure 66 Subjective evaluation of the traffic complexity during the PSM trials
Conclusion: Overall, WL remained at a medium level. The two scenarios with uneven traffic distributions show a slightly increased WL, as well as the emergency scenario 5. Open feedback indicated that especially the increased number of incoming calls contributed to the WL, in fact, communication and coordination seem to be one of the most important bottlenecks in the system. A strong learning effect was noticeable. Taking into account the novelty of the situations and challenging scenarios with approx. 21 mov/h the results indicate ATCO WL is acceptable.





HUMAN PERFORMANCE – ACCEPTANCE OF OPERATING METHODS / ROLES
OBJ-PJ05.02-V3-VALP-H06 Results
OBJ: Assess ATCO acceptance of operating methods when providing ATS to multiple aerodromes
CRT-PJ05.02-V3-VALP-H06.010
CRT: ATCOs’ can apply operating methods in an accurate, efficient and timely manner
The criterion was assessed during the simulation using the validated AIM-s and adapted Cooper-Harper scale (PR) and two tailored items (PE).
During the Passive Shadow Mode trials various questions covered the applicability of the operating methods, which will be elaborated below.
	Measure
	Min
	Max
	M
	SD

	Tailored: quality of ATC (PE)
	1
	6
	4.00
	1.92

	Tailored: human error (PE)
	1
	6
	4.14
	1.77



AIM-s: See CRT-PJ05.02-V3-VALP-H02.010 for description and results.
Adapted Cooper-Harper scale: See CRT-PJ05.02-V3-VALP-H02.020 for description and results.

[image: ][image: ]Tailored (PE): ATCOs’ were asked to evaluate the impact of MRT on the quality of their ATC. Please note that strong disagreement (0) with the statement indicates low concern and vice versa. Answers were widely distributed with a mean of 4, indicating “slightly agree”. 


Tailored (PE): ATCOs’ were asked if they thought MRT operations would contribute to human error. Accordingly, lower values indicate a low potential for human error. The mean lay above the centre of the scale with a broad range of values from 1 to 6.

Debriefing (RTS): The ATCOs’ unanimously stated that communication and coordination needed for three aerodromes were too much for one person. 
PSM debriefing and open-ended responses: According to the general view, procedures have to be harmonized for each aerodrome and the amount of coordination should be reduced with silent coordination. If this is not possible, for instance because of the different functionality of the airports (e.g. commercial and military airports) would not allow it, then it is not recommended to control those airports from one MRT.
Conclusion: The data of the tailored items revealed concerns with the quality of ATC under MRT operations. Some ATCOs’ thought that the MRT operations in general increased the potential for human error, while others did not. This is in line with elevated task effort (AIM-s), caused delays (adapted Cooper-Harper scale) and the open feedback during the debriefing. Taking into account the purpose of the scenario design this is not a surprise. The scenarios were especially designed with high traffic density (21 mov/h) to challenge ATCOs’ and elicit errors that can then be analyzed and minimized. These findings reflect ATCOs’’ subjective evaluation of their own performance in the challenging scenarios (sometimes causing delays).  These concerns should be taken into account and addressed further. Especially the simultaneous communication is prone to cause information loss on both ends (e.g. communication not picked up after ATCO put aircraft on standby).
ATCOs’’ subjective concerns have been further assessed and during the PSM it became clear that as the three aerodromes differ fundamentally, it is not recommended to merge them into one MRTM. Budapest is an international airport with mainly IFR movements (even if only one runway was tested), Pápa is a military airport with unique procedures, and Debrecen is a small-sized airport with VFR movements dominating. 
Taken together, it is not merely the fact that three aerodromes need to be controlled at a time is responsible for these findings. Rather, the simultaneous presence of high amount of traffic and complexity of the situation, combined with an abnormal situation (e.g. a/c emergency) can result in enhanced transmission hence workload. The increased need for communication is seen as a possible source of error and delays. Recommendations to improve the quality of ATC made by the ATCOs’ include: higher level of automation (e.g. silent coordination), the possibility of splitting aerodromes to a second position and/or presence of second ATCO or supporting staff to help with coordination and communication.
 
OBJ-PJ05.02-V2-VALP-H07 Results
OBJ: Assess ATCO acceptance of roles and responsibilities when providing ATS to multiple aerodromes

CRT-PJ05.02-V3-VALP-H07.010
CRT: Changes to the ATCO roles and responsibilities introduced by the remote tower concept are clear, consistent, stable and acceptable
This criterion was addressed in four tailored items (PE only).
	Measure (tailored questions, PE)
	Min
	Max
	M
	SD

	Clear role & responsibility
	5
	6
	5.57
	0.54

	Consistent role & responsibility
	2
	6
	4.71
	1.38

	Acceptable role & responsibility
	0
	6
	4.14
	1.95

	Applicable role & responsibility
	0
	6
	3.71
	1.98


[image: ]
Tailored: ATCOs’ were asked to indicate (dis-) agreement with the statements “Changes in ATCOs’ role and responsibilities in a multiple remote tower concept...” (see graphic for item description). The roles here include: ATCO position, apron control, coordination with Duty Airport Management, directly with the ground vehicles, Met Office and Approach. As can be seen from the graphic, ATCO role and responsibilities were very clear, whereas agreement decreased for consistency, acceptability and applicability, with standard deviations increasing in parallel. Mean values remained above the centre of the scale.
Debriefing: In this validation, beside aircraft, ATCOs’ had to perform all communication and coordination tasks on their own. Depending on their usual workplace, some ATCOs’ were used to having a colleague dealing with at least one of these additional tasks. Therefore, they experienced a greater change in role and responsibilities than ATCOs’ who were already used to dealing with these additional tasks, especially when considering that peak traffic volume and more importantly, relatively complex scenarios has been simulated. 
PSM debriefing: During the PSM trial it became even more apparent that additional help would be needed to support coordination in case of an emergency situation or an anomaly in the ATM system. Even solely the latter could divert the attention away from the main task of the tower controller (e.g. missing flight plans in the system led to the situation that the ATCO had to manually create them, inducing distraction and possibly loss of information).
Conclusion: While ATCO roles and responsibilities were clear, answers for acceptability and applicability ranged throughout the whole scale.  A mitigation, especially during traffic peaks, is a spare ATCO or support staff to help with the coordination tasks and/or the possibility for silent coordination to reduce the amount of calls.

CRT-PJ05.02-V3-VALP-H07.010
CRT: Changes to the ATCO roles and responsibilities introduced by the remote tower concept are clear, consistent, stable and acceptable
This criterion was addressed in five tailored items (PE only).


	Measure (tailored questions, PE)
	Min
	Max
	M
	SD

	Clear role & responsibility
	5
	6
	5.57
	0.54

	Consistent role & responsibility
	2
	6
	4.71
	1.38

	Acceptable role & responsibility
	0
	6
	4.14
	1.95

	Applicable role & responsibility
	0
	6
	3.71
	1.98


[image: ]
Tailored: ATCOs’ were asked to indicate (dis-) agreement with the statements “Changes in ATCOs’ role and responsibilities in a multiple remote tower concept...” (see graphic for item description). As can be seen from the graphic, ATCO role and responsibilities were very clear, whereas agreement decreased for consistency, acceptability and applicability, with standard deviations increasing in parallel. Mean values remained above the centre of the scale.
Debriefing: In this validation, ATCOs’ had to coordinate with Approach, Met Office, and ground vehicles on their own. Depending on their usual workplace, some ATCOs’ were used to having a colleague dealing with at least one of these additional tasks. Therefore, they experienced a greater change in role and responsibilities than ATCOs’ who were already used to dealing with these additional tasks.
Conclusion: While ATCO roles and responsibilities were objectively clear, answers for acceptability and applicability ranged throughout the whole scale. Even though most ATCOs’ found the role and responsibility change acceptable and applicable, individual concerns can be observed. These concerns should be addressed further to ensure ATCOs’ feel comfortable in the MRT environment.

OBJ-PJ05.02-V3-VALP-H08 Results
CRT-PJ05.02-V3-VALP-H08.010
CRT: The phraseology is acceptable for the ATCO
Assessment was made through one tailored item (PE). Phraseology was adapted as follows: Pseudo-pilots and ATCOs’ were briefed to use the airport name at least in every initial call, preferably in every call. Example: “Budapest Tower – a/c call sign – message”
	Measure
	Min
	Max
	M
	SD

	Tailored: phraseology (PE)
	3
	6
	5.00
	1.00


[image: ]

Tailored: The results indicate strong agreement with the item (see graphic for description).
Debriefing: All ATCOs’ agreed that using the airport designator helped maintaining SA and that standardization would be beneficial.
Conclusion: The adapted phraseology was found to be useful for maintaining SA. It should therefore be included in ATCO training in MRT concepts. The same should apply to pilots in order to facilitate SA, and the pilots should be notified that the aerodrome is controlled from an MRTM, and they should use the adapted phraseology.


HUMAN PERFORMANCE – USABILITY and UTILITY
OBJ-PJ05.02-V3-VALP-H11 Results
OBJ: Assess usability and utility of ATCO human machine interface when providing ATS to multiple aerodromes
CRT-PJ05.02-V3-VALP-H11.010
CRT: ATCOs’ have all required information available
This was assessed with the validated SATI questionnaire (PR) and two tailored items (PE). The SATI assesses trust in the system in use via six items on a 0-6 scale with 6 indicating the best evaluation. Here, we provide the final SATI score that combines the six items.
	Measure
	SCN
	Min
	Max
	M
	SD

	SATI (PR)
	1
	2.50
	5.00
	4.26
	0.89

	
	2
	2.50
	6.00
	4.14
	1.14

	
	3
	2.67
	5.17
	4.33
	0.83

	
	4
	3.83
	6.00
	4.86
	0.64

	
	5
	2.67
	6.00
	4.48
	1.12

	
	Overall
	2.50
	6.00
	4.41
	0.92

	Flight strip information (PE)
	
	5.00
	6.00
	5.29
	0.49

	Radar information (PE)
	
	4.00
	6.00
	5.14
	0.90


[image: ]
SATI: Trust in the system was relatively stable across all scenarios. The mean scores were well above the centre of the scale with standard deviations indicating individual differences.




[image: ]Tailored: ATCOs’ were asked if they were “generally able to…” (see graphic for item descriptions). High mean values and a small data range indicate ATCOs’ could work well with the flight strip and radar information.
Debriefing (RTS): ATCOs’ confirmed they had all necessary information available and highlighted the usability of flight strip system. Radar information was seen crucial when providing ATC under these circumstances with the given amount of traffic.

Debriefing (PSM): ATCOs’ had the opportunity to test the usability of the PTZs and the panoramic screen. According to the feedback the image quality of the panoramic screens were good, especially at LHDC and LHPA where the images were composed from 8 cameras instead of 3. The image quality had significantly decreased at LHBP during night time (see Figure 67), which made the application of overlays even more appealing. Labelling was also very useful at LHBP. In certain cases aircraft were not visible on the panoramic screen (e.g. at LHDC and LHPA, where no labelling was possible) and had to be searched with the PTZ. According to subject matter expert observations however, interacting with the PTZ seemed to be time consuming and could draw the attention away from the other aerodromes. In addition, the image quality of PTZ cameras during night time was limited.
[image: ]
[bookmark: _Ref7346567][bookmark: _Toc22829013]Figure 67 Overlays displayed on the panoramic screens during the PSM trials. 
As covered in CRT-PJ05.02-V3-VALP-S07-020, during the PSM trials the lack of sufficient radar information at LHDC and LHPA was not deemed as a showstopper, although the traffic in these two airports were significantly lower than in the RTS scenarios. Situational awareness has been supported by having access to the voice communication, panoramic screen and PTZs. In contrast, the short-term planning tool was regarded as a must-have technology to foresee the traffic (long-term planning tool would be also useful, but with limited information content).
Conclusion: ATCOs’ were able to perform their tasks with the given flight strip and radar data. Trust in the whole system was above average as well, indicating ATCOs’ experienced no major problems when working with the system.
During the PSM the PTZ was considered an efficient tool to support ATCOs’ in executing their tasks, however, shall be intuitive to use and responsive enough to track a/c. Labelling is also an effective way to present information and support ATCOs’ in their work. Overlays proved to be useful during night time.

CRT-PJ05.02-V3-VALP-H11.020
CRT: ATCOs’ confirm adequate usability of input devices
The criterion was measured using the validated SATI questionnaire and an open tailored question (PR) and a tailored item (PE).
	Measure
	Min
	Max
	M
	SD

	Tailored: input devices (PE)
	0
	5
	3.57
	1.90



SATI: See CRT-PJ05.02-V3-VALP-H11.010 for description and results.
[image: ]Tailored (PR): ATCOs’ could detail any concerns about the system in a non-mandatory open question. 13 answers were given (40% of all runs). The majority of statements (8) concerned problems with the smart pen used for the flight strip system and thereby the ability to quickly insert information. 
Tailored (PE): ATCOs’ were asked if they could adequately use all input devices. The number of devices was limited to two: smart pen input for the flight strip system and a mouse for PTZ control. Even though the mean value indicates medium agreement with the statement, the data reveal a large variance across ATCOs’. 
Debriefing (RTS): ATCOs’ found the input via smart pen generally useful and easy. Yet they complained about occasional problems when trying to enter data or creating new strips. These bugs seemed to be highly annoying and contributed to the overall workload.
Debriefing (PSM): The smart pen has been further developed and according to the ATCO feedback it functioned appropriately during the PSM trials. Moreover, the relatively reduced number of input devices (i.e. only 1 mouse for three PTZs) has been appreciated and reassured the participants that such a small set of input devices is also feasible in real (multiple) remote tower environment. 
Conclusion: Although trust in the system (SATI) was generally given, input via the smart pen proved to be challenging at times during the RTS. However, this weakness of the system has been fixed and worked acceptably during the PSM trials. 



CRT-PJ05.02-V3-VALP-H11.030
CRT: ATCOs’ confirm adequate usability of the ATS system
The criterion was assessed with the validated SATI questionnaire and three tailored items, one of them an open question (PR), as well as a tailored open question (PE).
	Measure (PR)
	SCN
	Min
	Max
	M
	SD

	Tailored: feeling comfortable
	1
	2
	5
	4.57
	1.13

	
	2
	2
	6
	4.57
	1.27

	
	3
	2
	5
	4.14
	1.22

	
	4
	1
	5
	4.43
	1.51

	
	5
	1
	5
	4.00
	1.73

	
	Overall
	1
	6
	4.34
	1.33

	Tailored: system response
	1
	1
	5
	4.29
	1.50

	
	2
	2
	5
	4.29
	1.25

	
	3
	3
	5
	4.57
	0.79

	
	4
	3
	6
	4.71
	0.95

	
	5
	2
	6
	4.71
	1.25

	
	Overall
	1
	6
	4.51
	1.12


[image: ][image: ]
SATI: See CRT-PJ05.02-V3-VALP-H11.010 for description and results.

Tailored – feeling comfortable (PR): ATCOs’ were asked if they “generally felt comfortable with the system and the associated procedures”. Means ranged above the centre of the scale, indicating ATCOs’ generally agreed with the statement. The data range indicates some ATCOs’ did not feel comfortable while the majority did. 

Tailored – system response (PR): ATCOs’ were asked if the system responded in an adequate time. Mean values indicate that system response was generally adequate. Some ATCOs’ seemed to experience some problems, indicated by the data range. This may be due to difficult pen input, as discussed in CRT-PJ05.02-V3-VALP-H11.020.

Tailored (PE): ATCOs’ were asked to specify problems with the flight strip tool. Only one of seven ATCOs’ inserted a comment that concerned the difficult input with the smart pen. 
Debriefing (RTS): ATCOs’ agreed that especially the planning tool was very useful. Also, labelling (LHBP only) and a squelch indication to distinguish incoming calls were found helpful. The wind visualisation and option to highlight RWY closure (wind rose and RWY bay in planning tool turning red for the respective RWY) were mentioned as being very helpful. PTZ use was found helpful for checking ground movements. ATCOs’ had the possibility to compare the availability of A-SMGCS and labels in the panoramic view on one aerodrome (LHBP) with the two aerodromes lacking the ground radar. The ATCOs’ agreed that both A-SMGCS and labelling were found helpful when available but “nice to have” and not cruical when working with an MRTM. Labels on one aerodrome only were not confusing when working on all three aerodromes.
Debriefing (PSM): Usability has been further discussed after the Passive Shadow Mode validation. Controllers weighed in on the difference between technical features in terms of usability and importance. Based on the outcome, it is safe to say that labelling was regarded a more important support feauture than the A-SMGCS, and the radar data limitation has also been balanced out by the available voice communication to a certain extent (in the low traffic environments of LHDC and LHPA). Although covered in CRT-PJ05.02-V3-VALP-H11-060, the usability of the PTZs have also been confirmed.
Conclusion: System usability is judged as good. General trust in the system (SATI) has been proven. ATCOs’ generally felt comfortable when working with the system and rated the response time as adequate. The same can be said for the additional features mentioned during the debriefing. A-SMGCS is considered helpful yet not necessary feature. Labelling function can increase overall situation awareness, and can help the detection of VFR aircraft. It is not a must-have, but a very helpful feature nonetheless.  

CRT-PJ05.02-V3-VALP-H11.040
CRT: ATCOs’ confirm adequate usability of alarms and alerts
The simulation only included weather-related alarms and alerts (i.e. wind visualisation, wind shear alerts). The wind rose indicated the wind direction in all runs with indications for tail and cross wind that changed colour to indicate the velocity. Wind direction changes were initiated in SCN 2 and SCN 4. These scenarios also included visual wind shear alerts. ATCOs’ were not aware which scenarios included weather-related events and instructed to keep in mind the wind visualisation. If the wind change went unnoticed, a MET call was initiated to trigger RWY direction change.
The criterion was measured using the validated SATI questionnaire and a tailored item (PE).
	Measure
	Min
	Max
	M
	SD

	Tailored: alarms and alerts (PE)
	2
	5
	3.71
	1.11



SATI: See CRT-PJ05.02-V3-VALP-H11.010 for description and results.


[image: ]Tailored (PE): ATCOs’ were asked if they could adequately interpret all alarms and alerts. The mean value indicates medium agreement with the statement.
Debriefing: The majority of ATCOs’ stated that wind changes indicated by the wind visualisation were not sufficient for them to initiate a RWY direction change. Usually they would be informed about wind changes from the MET office. In other words, they noticed the changing weather data but felt no need to react. Yet, the wind visualisation display per se was found very useful and easy to read.
Conclusion: The weather-related alerts did not always provoke the intended reactions because ATCOs’ usually would not solely rely on this source of information. This explains the data variance and unexpected low agreement with the item, despite the open feedback that the weather-related visualisations were found useful and informative.

CRT-PJ05.02-V3-VALP-H11.050
CRT: The human machine interface does not increase the potential for human error
This objective was assessed with the validated SATI (PR).
SATI: See CRT-PJ05.02-V3-VALP-H11.010 for description and results.
Debriefing (RTS): According to the ATCOs’’ feedback the HMI did not contribute to the potential for human error, however the smart pen’s usability should be further improved.
Conclusion: The trust assessment (SATI) with means above average as well as open feedback indicate the system did not provoke major errors. 




CRT-PJ05.02-V3-VALP-H11.060	
CRT: ATCOs’ confirm adequate usability of PTZ
This criterion was assessed with one tailored item (PE) in the RTS, and five tailored items (PE) in the PSM. The first three question had a scale of 1-7 (Strongly disagree-Strongly agree), whilst the last two questions ranged from 1 to 5 (Poor-Excellent)


	Measure (only PSM)
	Min
	Max
	M
	SD

	Tailored: intuitiveness (PE)
	2 
(Disagree)
	6
(Agree)
	4.71
	1.6

	Tailored: stability of images (PE)
	2
(Strongly disagree)
	6
(Agree)
	4.28
	1.25

	Tailored: contribute to efficient operation (PE)
	5
(Slightly agree)
	7
(Strongly agree)
	6.14
	0.89

	Tailored: video image quality (PE)
	3
(Poor)
	5 
(Excellent)
	4
	0.81

	Tailored: pan, tilt, zoom function (PE)
	2
(Fair)
	4
(Very good)
	3.28
	0.95



Tailored (RTS PE): see CRT-PJ05.02-V3-VALP-H11.020
Debriefing (RTS): ATCOs’ found the PTZ cameras useful when checking ground vehicles or a/c on apron or taxiways. In the simulated panoramic view they did not miss automated PTZ or RWY sweep functions. The predefined hot spots controlled from the flight strip system were seen useful.
Tailored (PSM, PE): PTZ functionalities have been further improved for the Passive Shadow Mode trial, including various pre-sets. The results of the questionnaire are illustrated below. According to the data, the majority regarded the PTZ intuitive to use and as an efficient tool to support operations. A weakness of the cameras was their stability; when zooming in closely, the PTZs tended to lose focus and started to wobble- especially in windy conditions (although it might be the effect of the temporary installation).
[image: ]
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Debriefing (PSM): Confirming the results gathered from the questionnaire, ATCOs’ regarded the PTZs as efficient in supporting their work. Having solely one input device (mouse) to manage all three cameras were highly welcomed. However, the automated tracking function was still in development, thus was decided not to be evaluated (CRT-PJ05.02-V3-VALP-H11.080). The usefulness of the manual PTZ has been highlighted in reference to the VFR flights and the 200 degree panoramic view; the PTZ should be one of the mitigations if the panoramic view does not enable a 360 degree view.
Conclusion: The judgement of the input devices (tailored item) referred mainly to the pen input as could be seen from the debriefing comments. PTZ usability was judged adequate. Automatic tracking function would be useful.

HUMAN PERFORMANCE – TRUST
OBJ-PJ05.02-V3-VALP-H13 Results
OBJ: Assess ATCO trust in support systems when providing ATS to multiple aerodromes
CRT-PJ05.02-V3-VALP-H13.040
CRT: ATCOs’ trust in reliability of alarms and alerts
The alarms presented were weather-related only. See CRT-PJ05.02-V3-VALP-H11.040 for a detailed description. Measures used to assess the criterion are the validated SATI and a tailored item (PR) as well as an open tailored question (PE).


	Measure (PR)
	SCN
	Min
	Max
	M
	SD

	Tailored
	1
	1
	6
	4.14
	1.68

	
	2
	3
	6
	4.86
	1.07

	
	3
	1
	6
	4.29
	1.70

	
	4
	1
	5
	4.29
	1.50

	
	5
	2
	5
	4.29
	1.25

	
	Overall
	1
	6
	4.37
	1.40



[image: ]SATI: See CRT-PJ05.02-V3-VALP-H11.010 for description and results.
Tailored (PR): ATCOs’ were asked if they trusted in the reliability of weather-related alarms and alerts. The mean values indicate trust was generally given, yet with individual differences. 
Tailored (PE): No comments were given that concerned weather-related alarms or the wind visualisation.
Debriefing: See CRT-PJ05.02-V3-VALP-H11.040.
Conclusion: Trust in the weather-related alarms is given. Especially for SCN 2 trust was high with low standard deviations, indicating the reliability of the wind visualisation was high for this scenario.

CRT-PJ05.02-V3-VALP-H13.060
Overlaid information consisted of weather information (wind rose) and labels on LHBP only. Therefore this criterion was not assessed further.
Weather: see CRT-PJ05.02-V3-VALP-H13.040
Labels: see CRT-PJ05.02-V3-VALP-H13.070
Conclusion: ATCOs’ trusted in the overlaid information and found it usable and useful. In fact, both the wind rose and labels have been regarded as more important than a ground radar and supported the ATCOs’.

CRT-PJ05.02-V3-VALP-H13.070
CRT: ATCOs’ rate the usability of automatic object tracking and object bounding as adequate
The exercise did not include automatic object tracking/bounding, but labels were used at LHBP to track aircraft and ground vehicles. Therefore, usability of labelling was examined. Measures used were the validated SATI and a tailored item (PR) as well as an open tailored question (PE).


	Measure (PR)
	SCN
	Min
	Max
	M
	SD

	Tailored
	1
	5
	6
	5.43
	0.54

	
	2
	5
	6
	5.43
	0.54

	
	3
	5
	6
	5.14
	0.38

	
	4
	5
	6
	5.57
	0.54

	
	5
	5
	5
	5.00
	0.00

	
	Overall
	5
	6
	5.31
	0.47



[image: ]SATI: See CRT-PJ05.02-V3-VALP-H11.010 for description and results.
Tailored (PR): Very high means and a small data range indicate usability of labelling was good.
Tailored (PE): No comments were given that concerned labelling.
Debriefing (RTS): ATCOs’ confirmed that labelling helped to keep track of the traffic, especially ground movements. They would have liked labelling at all three aerodromes but could work without it nonetheless.
Debriefing (PSM): The usefulness of the labelling has been further stressed after the Passive Shadow Mode. 
Conclusion: Usability of labelling is proven. It seems a good and useful addition to the panoramic view, even though not a must.

SAFETY – GENERAL
OBJ-PJ05.02-V3-VALP-S01 Results
OBJ: Assess whether the levels of safety are maintained or improved under all normal conditions
CRT-PJ05.02-V3-VALP-S01.010
CRT: Levels of safety under all normal conditions
Criterion was covered during the SAF & HP workshop.
During the simulation safety was assessed with the adapted Cooper-Harper scale (PR) and an open question PR and PE each. 
Adapted Cooper-Harper scale: See CRT-PJ05.02-V3-VALP-H02.020 for description and results.
Tailored (PR): ATCOs’ were asked if they could foresee any safety issue based on the last run. 23 comments were given (66% out of 35 runs). Six comments explicitly stated there were no safety-relevant issues they could foresee. Most statements given concerned exceeded communication capacity (9), i.e. parallel communication or simultaneous calls. ATCOs’ saw the risk of losing information (4) or causing delays (3). 
Tailored (PE): ATCOs’ had the opportunity to comment on further concerns. Four out of seven ATCOs’ stated concerns: The given traffic level was manageable but shorter working periods and longer breaks would be needed (1). The traffic volume should be reduced and complexity taken into account (2). 
Conclusion: The given traffic volume (21 mov/h) was high to challenge ATCOs’ and reveal safety issues. ATCOs’ therefore felt challenged, as expected. The traffic volume and complexity should be taken into account to ensure ATCOs’ feel comfortable and confident. Yet, there were no safety-critical situations reported in the adapted Cooper-Harper scale. Given the results, Multiple Remote Tower operations can be considered safe under normal conditions. 
CRT-PJ05.02-V3-VALP-S02-010
CRT: Levels of safety under abnormal conditions.

Criterion was covered during the SAF & HP workshop.


CRT-PJ05.02-V3-VALP-S03-010
CRT: Levels of safety during degraded modes of operation.

Criterion was covered during the SAF & HP workshop. No degraded modes were simulated in this exercise.

SAFETY
OBJ-PJ05.02-V3-VALP-S04 Results
OBJ: Assess ATCO capability to provide ATC services in a safe manner under all normal conditions
CRT-PJ05.02-V3-VALP-S04.010 
CRT: ATCO is able to identify and solve potential conflicts in a timely manner.
The criterion was assessed using three tailored items (PR).


	Measure (PR)
	SCN
	Min
	Max
	M
	SD

	Tailored: conflicts in vicinity of aerodrome
	1
	5
	6
	5.67
	0.52

	
	2
	5
	6
	5.57
	0.54

	
	3
	5
	6
	5.43
	0.54

	
	4
	5
	6
	5.86
	0.38

	
	5
	5
	6
	5.43
	0.54

	
	Overall
	5
	6
	5.59
	0.50

	Tailored: conflicts in runway area
	1
	5
	6
	5.43
	0.54

	
	2
	2
	6
	5.00
	1.55

	
	3
	5
	6
	5.57
	0.54

	
	4
	5
	6
	5.71
	0.49

	
	5
	4
	6
	5.29
	0.76

	
	Overall
	2
	6
	5.41
	0.82

	Tailored: conflicts in manoeuvring area
	1
	4
	6
	4.83
	0.98

	
	2
	5
	6
	5.83
	0.41

	
	3
	4
	6
	5.25
	0.96

	
	4
	5
	6
	5.17
	0.41

	
	5
	5
	6
	5.60
	0.55

	
	Overall
	4
	6
	5.33
	0.73



[image: ]Tailored (PR): ATCOs’ were asked if they were able to solve conflicts in the vicinity of the aerodrome, runway and manoeuvring area. If no conflicts were experienced, a “N/A” option was included. Only data for existing conflicts is presented in the graphic. Means and data range indicate ATCOs’ overall had no problem solving conflicts.
Conclusion: Safety in terms of conflict resolution is given. ATCOs’ did not experience problems solving conflicts in any area.

CRT-PJ05.02-V3-VALP-S04.020 
CRT: ATCO is able to identify and solve hazardous situations in a timely manner
One scenario included an a/c that vacated the RWY on the wrong side and needed further guidance back to the apron. Initially, this situation was only planned as a distraction during the wind change and only afterwards found possibly hazardous, it was only addressed during debriefings and by observations.
Debriefing: The ATCOs’ had no problems noticing the a/c vacating the RWY on the wrong side. They had to divide attention between guiding the a/c and coordinating a RWY direction change on another aerodrome. Some ATCOs’ used strategies like issuing a follow-me vehicle to guide the a/c back, others had to give route instructions continuously. According to the ATCOs’ this caused further workload because of the need to monitor the a/c and additional transmissions to give instructions. 
Conclusion: ATCOs’ were all able to solve the situations without causing a safety-critical situation. Hazardous situations like this might lead to increased workload but the ATCOs’ used strategies to mitigate the effects.

RT-PJ05.02-V3-VALP-S04.030
CRT: ATCO is able to distinguish with which aircraft, vehicle at which aerodrome the ATCO is communicating with.
The criterion was assessed using three tailored items (PR) and three tailored items (PE) during the RTS, and two tailored items (PE) after the PSM. The latter had a scale of 1-7 (corresponding to a Never-Always scale)
	Measure (PR)
	SCN
	Min
	Max
	M
	SD

	Tailored: a/c communication
	1
	5
	6
	5.86
	0.37

	
	2
	5
	6
	5.57
	0.54

	
	3
	6
	6
	6.00
	0.00

	
	4
	5
	6
	5.86
	0.38

	
	5
	5
	6
	5.71
	0.49

	
	Overall
	5
	6
	5.80
	0.41

	Tailored: aerodrome services communication
	1
	6
	6
	6.00
	0.00

	
	2
	4
	6
	5.57
	0.79

	
	3
	5
	6
	5.86
	0.38

	
	4
	6
	6
	6.00
	0.00

	
	5
	5
	6
	5.71
	0.49

	
	Overall
	4
	6
	5.83
	0.45

	Tailored: a/c – aerodrome association
	1
	5
	6
	5.86
	0.38

	
	2
	5
	6
	5.43
	0.54

	
	3
	6
	6
	6.00
	0.00

	
	4
	5
	6
	5.86
	0.38

	
	5
	5
	6
	5.86
	0.38

	
	Overall
	5
	6
	5.80
	0.41

	Tailored (PE PSM): aerodrome instructions
	
	2
	7
	6
	1.82

	Tailored (PE PSM): a/c communication
	
	5
	7
	6.42
	0.78



[image: ]Tailored (PE): See CRT-PJ05.02-V3-VALP-H02.040 for description and results.
Tailored (PR): ATCOs’ were asked about their capability to distinguish calls, a/c and aerodromes (see graphic for item description). Means and data range indicate they had no problems distinguishing calls and were aware which a/c belonged to which aerodrome.
Tailored (PSM, PE): Albeit having independent frequencies, ATCOs’ have been generally aware of which aerodrome was giving instructions to aircraft or vehicles and vica versa.
Debriefing (PSM): Having experienced independent frequencies during PSM, ATCOs’ unanimously agreed that coupled frequencies for aircraft is a must technological requirement of the multiple remote tower solution. Nonetheless, even the independent construction helped ATCOs’ to counteract the limitations of the radar information at LHDC and LHPA. 
[image: ]
Conclusion: Safety in terms of communication awareness is given. Both the PR and PE items indicate ATCOs’ were aware who and which aerodrome they were communicating with at all times. Squelch indication and adapted phraseology are considered important for maintaining SA.
RT-PJ05.02-V3-VALP-S04.040
CRT: ATCO is able to distinguish with which sector the ATCO is communicating with
Communication with Approach was included in the scenarios during the RTS. The technical implementation was very similar to the MET and DAM communication (telephone buttons on the flight strip system). Therefore communication was assessed in general.
See RT-PJ05.02-V3-VALP-S04.030.

OBJ-PJ05.02-V3-VALP-S05 Results
OBJ: Assess ATCO capability to perform specific procedures related to MRTM capabilities in a safe manner.
CRT-PJ05.02-V3-VALP-S05.010
CRT: ATCO is able to foresee traffic at his/her MRTM at short term in order to avoid overloads.
The criterion was assessed with two tailored items (PE).
	Measure (PE)
	Min
	Max
	M
	SD

	Tailored: plan ahead
	4
	6
	5.00
	0.58

	Tailored: avoid overload
	2
	6
	3.57
	1.51



[image: ]Tailored (PE): ATCOs’ were asked if they were generally able to foresee traffic with their flight strip tool to a) plan ahead and b) avoid overloads. For a), mean and data range indicate they were generally able to plan ahead. For b), mean and data range indicate the majority of ATCOs’ had no problem avoiding overloads while some did.
Conclusion: ATCOs’ experienced no major problems foreseeing traffic to plan ahead. This was due to the efficient short-term planning tool, which was most frequently set to 30 minutes (up to 90 minutes was possible). Regardless of the tool, some seemed to struggle with avoiding overload. This is more likely a result of the induced high traffic volume and not a problem related to ATCO capability of foreseeing traffic. Abilities to foresee traffic is therefore given. Mitigations to avoid overloads are splitting an aerodrome to a second position or (if no second ATCO/support staff is available to arrange calls) reducing capacity. Closing the aerodrome is considered the last means.


OBJ-PJ05.02-V3-VALP-S06 Results
OBJ: Assess ATCO capability to cope with / manage abnormal situations in a safe manner
CRT-PJ05.02-V3-VALP-S06.010
CRT: ATCO is able to identify and manage abnormal situations
In the RTS, abnormal situations induced were unplanned RWY closure due to oil leakage (SCN 1 + 3) and an emergency landing (SCN 5). Both were assessed with the adapted Cooper-Harper scale and an open tailored question (PR). Additionally, the emergency scenario was covered with an open tailored question and four items (PE) in yes/no format with a free text answer field.
Adapted Cooper-Harper scale: See CRT-PJ05.02-V3-VALP-H02.020 for description and results.
Tailored (PR): See also CRT-PJ05.02-V3-VALP-S01.010. ATCOs’ were asked if they could foresee any safety issue based on the last run, respectively. During an emergency or challenging situation ATCOs’ stated they were unable to manage all three aerodromes (5) and had to focus on one aerodrome (3). The comments also included possible solutions: ATCOs’ did not ask for a second controller but an assistant to take calls and counteract communication bottleneck. For emergency situations, harmonized emergency procedures on all aerodromes or handing over aerodromes to another ATCO were mentioned.
Tailored – open (PE): ATCOs’ were given the opportunity to state further concerns. See also CRT-PJ05.02-V3-VALP-S01.010. And in case of emergency ATCOs’ would have felt more comfortable with a colleague, assistant or supervisor for support (2).
Tailored – y/n (PE): ATCOs’ were asked four y/n questions. In case of a “no” answer they were asked to provide an explanation (see graphics for questions).
Prioritising: All ATCOs’ were able to prioritise tasks during the emergency.
Standard procedure: 5 of 7 ATCOs’ stated they could solve the emergency with the standard procedure. 2 disagreed: both indicated they caused delays on the other two aerodromes when dealing with the emergency.
System support: 3 ATCOs’ stated the system supported them sufficiently. 4 disagreed: One misinterpreted the question and answered (correctly) there was no additional emergency procedure included in the system. Two stated the system helped to plan ahead but telephone and frequency calls at the same time were still too time-consuming. One proposed an additional space for taking notes on the planning tool.
Performance: ATCOs’ were asked if they were satisfied with their own performance during the emergency. 5 were, whereas 2 disagreed: Both stated they caused delays. One additionally stated it was difficult to focus full attention to the emergency a/c due to incoming calls.
Debriefing: Most ATCOs’ agreed that the emergency situation was manageable, but that they would have preferred to share responsibility with a colleague or hand over secondary tasks to an assistant. An emergency situation in real life could be more complex, and might require more coordination (coordination with airport services and emergency response services was simplified in the scenario). They further discussed the possibility to hand over aerodromes to a colleague in order to focus on the emergency without causing delays on the other aerodromes.
[image: ][image: ]
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Conclusion: The given traffic volume (21 mov/h) was set high in order to challenge ATCOs’ and reveal safety issues. The additional abnormal situations added up to the complexity. As the communication requirements have mounted up, ATCOs’’ workload consequently increased. Yet, there were no safety-critical situations reported in the adapted Cooper-Harper scale. No problems were reported with the unplanned RWY closure. Even during the induced emergency, ATCOs’ only stated to have caused delays. 

Nevertheless, ATCOs’ expressed that the ability to identify and manage abnormal situations in a timely manner is a matter of traffic level, traffic complexity, hence communication load. It doesn’t mean that abnormal situations cannot be managed in general, but if all these aspects are combined, the situation cannot be handled in a timely manner. In such cases there is a need for more support to feel comfortable and to keep workload within acceptable level. Mitigation strategies may include splitting aerodromes or getting support with communication and coordination. 

Special strategies in case of emergency (e.g. special emergency modes integrated in the system, supervisors or handing over aerodromes) were not part of the solution and therefore not addressed further, however, it has also been emphasized to harmonize the emergency procedure at each aerodrome (e.g. call firefighters and they would arrange the other calls). 


OBJ-PJ05.02-V3-VALP-S07 Results
OBJ: Assess ATCO capability to cope with / manage degraded modes and recover from them in a safe manner
CRT-PJ05.02-V3-VALP-S07.010
CRT: ATCO is able to detect and recover from a failure occurring at one of the airports affecting (e.g.):
· Communication
· Visualisation system
· Other airport systems / infrastructure
This criterion has been addressed by the Passive Shadow Mode validation. At certain occasions, the PTZ and the panoramic screens went down at LHDC, causing a black display for a minute. Debriefing sessions have been used to reflect on its impact.

Debriefing (PSM): ATCOs’ were able to identify the failure at LHDC but were able to recover due to the availability of the voice communication.

CRT-PJ05.02-V3-VALP-S07.020
CRT: ATCO is able to detect and recover from a failure occurring in several airport:
· Communication
· Visualisation system
· Other airport systems / infrastructure
This criterion has been addressed by the Passive Shadow Mode validation. Radar information was not complete in LHDC (no information about VFRs) and at LHPA. Debriefing sessions have been used to gather feedback from the ATCOs’ on its impact and the proposed contingency plan.

Debriefing (PSM): ATCOs’ were able to detect the failure but were able to work without the radar information, as the frequencies for both aerodromes were at their disposal, and the e-strips were functioning correctly (the limited traffic volumes in LHDC and LHPA should be taken into consideration). Recommended mitigations include capacity reduction (e.g. reduce traffic or close the aerodrome as a last means).

Conclusion: The PSM trials enabled to assess the impact of degraded mode concerning both only one aerodrome and two aerodromes. According to the results the temporary degradation of the video image did not impact service provision significantly as voice communication provided support to maintain SA. The degradation of two radar displays led to negative feedback, however, the e-strips and the voice communication have accounted for the weakness. As discussed during workshops, mitigation measures shall be put in place (e.g. contingency plan to reduce capacity) to counteract the degraded modes, and a more detailed assessment would be needed at V4 or V5 maturity.






CAPACITY
OBJ-PJ05.02-V3-VALP-CA1 Results
OBJ: Assess capacity constraints when providing ATS to multiple aerodromes
CRT-PJ05.02-V3-VALP-CA1.010
CRT: An indication for controller capacity is given when ATS is provided to multiple remote towers
The criterion was assessed with four tailored items (PR), one of which was an open question, and one tailored item (PE).
	Measure
	SCN
	Min
	Max
	M
	SD

	Tailored: amount of R/T (PR)
	1
	1
	3
	2.29
	0.76

	
	2
	1
	3
	2.14
	0.90

	
	3
	0
	3
	2.29
	1.11

	
	4
	2
	3
	2.70
	0.49

	
	5
	1
	3
	2.29
	0.76

	
	Overall
	0
	3
	2.34
	0.80

	Tailored: traffic volume (PR)
	1
	2
	5
	3.71
	1.38

	
	2
	1
	5
	3.57
	1.81

	
	3
	2
	5
	3.71
	1.38

	
	4
	2
	5
	4.43
	1.13

	
	5
	0
	5
	3.43
	1.90

	
	Overall
	0
	5
	3.77
	1.50

	Tailored: traffic complexity (PR)
	1
	2
	5
	3.86
	1.22

	
	2
	1
	5
	3.14
	2.04

	
	3
	3
	5
	4.14
	0.90

	
	4
	3
	5
	4.29
	0.95

	
	5
	2
	5
	3.71
	1.38

	
	Overall
	1
	5
	3.83
	1.34

	Tailored: ATC tasks (PE)
	
	0
	5
	4.14
	1.86
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Tailored (PR): ATCOs’ were asked if the amount of R/T (i.e. frequency, ground vehicles and phone calls) was acceptable. Means and standard deviations indicate ATCOs’ experienced too high amounts of R/T.
Tailored – open question (PR): ATCOs’ should elaborate if they thought the amount of R/T was not acceptable. 13 answers were given (37% of 35 runs). Problems experienced were simultaneous calls (8), the need to communicate with more a/c and ground vehicles than usual (5) and as a result having to ask for information again (1).


[image: ]Tailored (PR): ATCOs’ were asked if they generally felt that ATC was feasible with the given traffic volume and complexity. While standard deviations and data range reveal large individual differences, the majority of ATCOs’ agreed that both volume and complexity were feasible as indicated by the mean values. 



[image: ]Tailored (PE): ATCOs’ were asked if they were generally able to perform the necessary ATC tasks. The mean value indicates this was the case for the majority of ATCOs’, while standard deviation and data range reveal individual differences.

Debriefing: All ATCOs’ agreed that the elevated amount of communication needed was challenging. Sometimes the ATCOs’ were not able to give instruction to a/c and ground vehicles at the same time. ATCOs’ thought this to be disturbing and proposed ideas of adapted, shortened phraseology, silent coordination and/or assistance to coordinate ground communication and phone calls.
Conclusion: While capacity to controll the traffic was generally acceptable for the majority, the amount of R/T experienced was considered too high. Communication capacity is therefore seen as a bottleneck, which would also impact workload, and therefore a challenge to be addressed with adapted systems and strategies. If the amount of traffic is kept at approx. 20 mov/h, and the complexity is high, more technical support or supporting staff is required to provide continuous high-quality ATC and to keep workload within acceptable range.

COST EFFICIENCY
OBJ-PJ05.02-V3-VALP-CE1 Results
OBJ: Assess the staff required for providing ATS to multiple aerodromes
CRT-PJ05.02-V3-VALP-CE1.010
CRT: ATCO can provide ATS to three aerodromes at a time
The criterion was assessed with five tailored items (PR) and two tailored items (PE).
Tailored – feasibility of ATS (PR): See CRT-PJ05.02-V3-VALP-CA1.010 for description and results.
Tailored – feeling comfortable with procedures & system (PR): See CRT-PJ05.02-V3-VALP-H11.060 for description and results.	
Tailored – ATC tasks (PE): See CRT-PJ05.02-V3-VALP-CA1.010 for description and results.
Tailored – quality of ATC (PE): See CRT-PJ05.02-V3-VALP-H06.010 for description and results.
	Measure
	SCN
	Min
	Max
	M
	SD

	Tailored: traffic volume (PR)
	1
	2
	5
	3.86
	1.22

	
	2
	1
	5
	3.43
	1.99

	
	3
	1
	5
	3.86
	1.68

	
	4
	2
	5
	4.14
	1.22

	
	5
	0
	5
	3.43
	2.07

	
	Overall
	0
	5
	3.74
	1.60

	Measure
	SCN
	Min
	Max
	M
	SD

	Tailored: traffic complexity (PR)
	1
	1
	5
	4.00
	1.41

	
	2
	0
	5
	3.29
	2.22

	
	3
	2
	5
	4.14
	1.22

	
	4
	2
	5
	4.00
	1.29

	
	5
	2
	5
	3.71
	1.38

	
	Overall
	0
	5
	3.83
	1.49
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Tailored – traffic volume & complexity (PR): ATCOs’ were asked if the MRT-associated operating modes were appropriate to control the given traffic volume and complexity. Mean values indicate that the majority of ATCOs’ agreed with the statements, while standard deviations and data range reveal large individual differences. 


Debriefing: Most ATCOs’ agreed that they were able to provide ATC to three aerodromes. Yet, during the simulated emergency they stated to have caused delays on the other aerodromes and therefore did not always feel satisfied with their own performance.
Conclusion: The data reveal most of the ATCOs’ felt that MRT was appropriate to control the traffic on all three aerodromes. Individual differences can be attributed to individual satisfaction with the performance during challenging situations. Taking into account the high traffic volume and abnormal situations induced, MRT operating methods can be seen as a valid tool for controlling three aerodromes at a time. Yet, if the amount of traffic should be kept at approx. 20 mov/h, and the traffic is complex, a second ATCO or support staff is recommended to help with communication and coordination in order to facilitate high-quality ATC. Otherwise traffic levels should be reduced for MRTM operations with three aerodromes.

Unexpected Behaviours/Results
SCN 2 + 4: RWY direction change should have been initiated by the ATCOs’ due to a continuous wind change. Even though ATCOs’ noticed the changing wind, some of them did not react. To be able to assess the impact of RWY direction change on factors like workload, a DLR member acting as MET office called to inform about a stable wind change and to advise RWY direction change. 
The vehicle strips (also for the emergency response vehicles) were initially present in the planning bay of the flight strip system. They were removed, however, after feedback from the first group (not realistic and spoiled the suddenness of the emergency). Generating new strips proved difficult due to the smart pen input. As a workaround the vehicle strips were pre-created by DLR and moved to the recycle bin of the flight strip system. From this section the ATCOs’ could drag and drop any vehicle strip. This issue caused slight differences for ATCO groups, and should be taken into account.     
Nevertheless, validation set-up and experimental procedure were adequate for the validations, because all relevant functionalities were assessable. In conclusion, the exercise has fulfilled its purpose and highly contributed to the identification of areas of further improvement of the concept.
 Confidence in Results of Validation EXE-05.02-V3-004
Level of significance/limitations of Validation Exercise Results
The document shall justify in this section why validation results obtained in the validation exercise are sufficiently representative to be later on integrated at SESAR Solution level.
The VALR shall explain to what extent the obtained validation results obtained in this specific validation exercise can be extrapolated to a higher level e.g. to those operational environments in Europe that are associated to the corresponding sub-operating environment of the SESAR Solution that has been addressed in the exercise.
This section shall capture any potential limitation impacting the representativeness of the results obtained in the validation exercises e.g. not sufficient controllers participating in the validation exercises, simplified environment, non-nominal conditions not considered, etc..
Assumptions made in section 3.2.3 may have an impact on the representativeness of the validation results.
The order of scenarios was randomized, with the exception of SCN 5 (emergency landing) always being the second-to-last scenario. This was chosen because SCN 5 was hypothesised to be more challenging than the other scenarios and ATCOs’’ experience with the MRT concept and system should be at a high level in order to apply the necessary procedures. 
Operational procedures for the simulation were more realistic compared to V2 phase, but still simplified: coordination with approach and MET were implemented, but communication means with the airport management were limited to one ground frequency for each airport. The use of a real time simulation restricts the visual representation to computer generated instead of real images. As the exercise is in connection to the CWP environment, this limitation has no impact since the visual representation has already been proven in SESAR1 and therefore is not under test in this exercise setting.
For the validations it was assumed that all VFR had to file a flight plan. 
Every controller held a licence to only one of the three aerodromes. Longer periods of training would have been needed to make sure all ATCOs’ had comparable, stable knowledge of the aerodrome layouts and procedures.
Quality of Validation Exercises Results
The exercise results are based on ATCOs’ subjective opinions and have been collected by means of questionnaires and documented workshops. Data collection and analysis were adequately monitored and are considered to be of good quality. Questionnaires were filled in by the participants on the simulator platform following each validation run and the completeness of the answers was checked and assured by the system. The timing of questionnaires and debrief sessions were appropriately planned and carried out capturing the recollections of the ATCOs’.
Significance of Validation Exercises Results
The operational significance of the validation exercise results can be considered acceptable since the operational environment was appropriate for V3 level and was accepted as such by the ATCOs’. The mixture of the ATCOs’’ experience (from different airports, both civilian and military, 5 with single remote tower experience) increases the significance of the results through the different perspectives on multiple remote tower operations.
See chapter 4.3.1.2 for further Significance of Validation Exercises Results.


 Conclusions
This section gives a summary of the conclusions raised by Validation exercise 1 results analysis. It argues and prepares the recommendations.
The sub-sections below are indicative and the project can add additional ones if required depending on the scope of validation exercise 1.
The V3 exercise indicated that one ATCO is able to provide ATS to three aerodromes. However, the concerns raised by ATCOs’ in the questionnaires and debriefing interviews should also be taken into consideration. 
The RTS validation exercise did induce challenging, unexpected situations and emergencies, but in accordance with the solution objectives no adapted strategies were provided to deal with them. Therefore, procedures to deal with unexpected and safety-critical situations (e.g. emergencies on one or multiple aerodromes) are yet to be determined through future validation activities. 
During the PSM, results of the RTS scenarios were challenged in a realistic environment (with real traffic distributions, movement numbers and shares of IFR and VFR). As procedures were not harmonized, and frequencies were not coupled due to the nature of a PSM validation, the importance of these could be also further validated. 
In conclusion, the exercise has fulfilled its purpose and highly contributed to the identification of areas of further improvement of the concept.
Conclusions on technical feasibility
This section shall capture all conclusions related to technical feasibility of the SESAR Solution that can be extracted from this validation exercise.
These conclusions need to be consolidated at SESAR Solution level in section 5 together with those extracted from other activities on the same SESAR Solution.
As of the RTS, the conclusions for the technical feasibility are limited because the exercise was run on a simulator and therefore the feasibility of real operational environment could not always be assessed. Still, all technical features needed for the assessment were available in the simulation environment. Especially the smart strip planning tool proved to be very useful and therefore feasible for this and future validation exercises.
During the PSM, the usability of each system was tested in a live environment, including some degraded modes (mainly for surveillance information). The most important items are the following:
· Although it is not an exclusively MRTM-related issue, ideal camera locations (for fix and PTZ cameras) are sometimes not available, and extra mitigation actions should be implemented
· During night-time, the image quality might be decreased, this issue should be further investigated in V4 and V5
· PTZ is intuitive to use and it is an efficient tool, furthermore, controlling the three PTZ with one mouse is a good concept. On the other hand, some automatic function (e.g. object tracking) might be added, and the PTZ control should be as simple as possible to support  ATS provision in situations when the workload is high.
· Overlay information (labels, MET information, RWY and TWY contours) is accurate and useful  
· The smart pen as input device is acceptable and effective
· Short term planning tool is useful and important, but a long term planning tool might be needed with limited content to predict traffic volumes and complexity
Conclusions on performance assessments
Validation results per KPA and Transversal area that can be extracted from this validation exercise: Capacity, efficiency, predictability, safety, security, etc.
These conclusions need to be consolidated at SESAR Solution level in section 5 together with those extracted from other activities on the same SESAR Solution.
Conclusions related to Human Performance, Safety, Capacity and Cost Efficiency are described in detail in section 6.4.7. 
 Recommendations
This section contains recommendations that can be extracted from exercise 1 results (either for following validation exercises at the same Vx phase, or for the next maturity phases or close out of V3, and then to industrialization and deployment phases).
These recommendations need to be consolidated at SESAR Solution level in section 5 together with those extracted from other activities on the same SESAR Solution.
Based on debrief sessions with participating ATCOs’ the following recommendations are to be considered when planning industrialisation and deployment phase activities:
· Strategies and/or technical systems should be implemented to reduce the amount of communication and coordination activities the ATCO needs to perform
· Usage of airport designator is highly recommended in order facilitate SA, hence it should be clear for the pilots, when they are controlled from MRTM environment.
· Procedures of different airports should be harmonized as far as practicable, hence ATC of airports with very different characteristics might not be merged 
· Handling of abnormal situations and degraded modes should be further assessed, dedicated procedures should be implemented, harmonized and assessed 
· Splitting aerodromes or having support staff available to help with communication and coordination are recommended as a mean to counteract high workload and/or amount of communication during traffic load peaks.
· The feasibility of traffic complexity and traffic amount should be assessed locally for the 3-aerodrome MRTM operations, taking into account the available technical systems, geographical and procedural circumstances at the aerodromes.


[bookmark: _Toc2947017][bookmark: _Toc22829109]Validation EXE-05.02-V3-005 - ENAV
[bookmark: _Hlk2850066]This appendix contains the Validation Report for EXE-05.02-V3-005.
Summary of the Validation EXE-05.02-V3-005 Plan
In line with the PJ.05-02 Solution "Remotely Provided Air Traffic Service for Multiple Aerodromes” scope, the aim of EXE-02.05-V3-005 was to assess the ATCO capability when providing ATS to two aerodromes from an ad-hoc developed MRTM and under varying traffic volume and traffic complexity conditions.
	Validation Exercise description, scope
The validation focused on testing the overall capability of a single ATCO to simultaneously provide ATS to two aerodromes under varying traffic volume and traffic complexity conditions.
Brindisi airport (LIBR) “Papola Casale”	and Grottaglie Airport (LIBG) “Marcello Arlotta” were selected as Italian operational airport scenarios. 
The simulated traffic load and complexity along with the traffic distribution over the two selected aerodromes were higher than actual airports traffic data. The so-adapted traffic levels allowed to fit the objectives of the exercise.
The exercise was performed as Real Time Simulation.
The ATCO covered the roles of Clearance Delivery, Ground Controller and Tower Runway Controller for the two aerodromes simultaneously.
The MRTM was made up of an-hoc developed CWP based on the operational ENAV TWR suite provided by Nav Canada as ENAV LTP and an extended virtual VP able to present simultaneously the two airports VPs. The MRTM also integrated safety nets and a planning tool to evaluate traffic load over the two airports. Specific enhanced video features were also available to ATCO like overlay information, hot-spot views and PTZ simulated camera. 
Focus was on HP and SAF assessment. Specific unusual events were simulated during run executions like abnormal situations and system failures.
Three ENAV ATCOs’ took part in the exercise, while simulated traffic was managed by two pseudo-pilots working on dedicated PWPs.
Summary of Validation EXE-05.02-V3-005 Validation Objectives and success criteria 
This section details the validation objectives addressed in the Validation Exercise EXE-05.02-V3-005 as apportioned in the VALP to ensure consistency with the overall Validation Objectives at SESAR solution level.

	Objective ID
	Validation Objective
	Criteria ID
	Validation Criteria

	HUMAN PERFORMANCE – SITUATION AWARENESS

	OBJ-PJ05.02-V3-VALP-H02
	Assess ATCO situation awareness when providing ATS to multiple aerodromes
	CRT-PJ05.02-V3-VALP-H02.010
	ATCOs’ situation awareness is at an acceptable level

	
	
	CRT-PJ05.02-V3-VALP-H02.020
	ATCOs’ can prioritise tasks 

	
	
	CRT-PJ05.02-V3-VALP-H02.030
	ATCOs’ confirm that the user interface design supports a sufficient level of individual situational awareness

	
	
	CRT-PJ05.02-V3-VALP-H02.040
	ATCOs’ maintain an adequate level of SA, despite having to divide their attention to several airports with different procedures and characteristics (geographical area, urban infrastructure, weather conditions etc.)

	HUMAN PERFORMANCE – WORKLOAD

	OBJ-PJ05.02-V3-VALP-H04
	Assess ATCO workload when providing ATS to multiple aerodromes
	CRT-PJ05.02-V3-VALP-H04.010
	ATCOs’ workload is at an acceptable level

	HUMAN PERFORMANCE – ACCEPTANCE OF OPERATING METHODS/ROLES

	OBJ-PJ05.02-V3-VALP-H06
	Assess ATCO acceptance of operating methods when providing ATS to multiple aerodromes
	CRT-PJ05.02-V3-VALP-H06.010
	ATCOs’ can apply operating methods in an accurate, efficient and timely manner

	OBJ-PJ05.02-V3-VALP-H07
	Assess ATCO acceptance of roles and responsibilities when providing ATS to multiple aerodromes
	CRT-PJ05.02-V3-VALP-H07.010
	Changes to ATCOs’ roles and responsibilities introduced by the remote tower concept are clear, consistent, stable and acceptable. 

	OBJ-PJ05.02-V3-VALP-H08
	Assess usage of the ATCO phraseology 
	CRT-PJ05.02-V3-VALP-H08.010
	The phraseology is acceptable for the ATCOs’

	HUMAN PERFORMANCE – USABILITY and UTILITY

	OBJ-PJ05.02-V3-VALP-H11
	Assess usability and utility of ATCO human machine interface when providing ATS to multiple aerodromes
	CRT-PJ05.02-V3-VALP-H11.010
	ATCOs’ have all required information available

	
	
	CRT-PJ05.02-V3-VALP-H11.020
	ATCOs’ confirm adequate usability of input devices

	
	
	CRT-PJ05.02-V3-VALP-H11.040
	ATCOs’ confirm adequate usability of alarms and alerts

	
	
	CRT-PJ05.02-V3-VALP-H11.050
	The human machine interface does not increase the potential for human error

	
	
	CRT-PJ05.02-V3-VALP-H11.060
	ATCOs’ confirm adequate usability of PTZ

	
	
	CRT-PJ05.02-V3-VALP-H11.080
	ATCOs’ confirm adequate usability and trust of PTZ automatic tracking

	HUMAN PERFORMANCE – TRUST

	OBJ-PJ05.02-V3-VALP-H13
	Assess ATCO trust in support systems when providing ATS to multiple aerodromes
	CRT-PJ05.02-V3-VALP-H13.040
	ATCOs’ trust in reliability of alarms and alerts

	
	
	CRT-PJ05.02-V3-VALP-H13.060
	ATCOs’ trust the overlaid information 

	SAFETY – GENERAL

	OBJ-PJ05.02-V3-VALP-S01
	Assess whether the levels of safety are maintained or improved under all normal conditions when ATS are remotely provided to multiple airports
	CRT-PJ05.02-V3-VALP-S01.010
	The Safety Acceptance Criteria are satisfied (i.e. no increase of risk with respect to a situation in which ATC services are remotely provided by a controller to a single remote tower). 


	OBJ-PJ05.02-V3-VALP-S02
	Assess whether the ATS can safely continue to be remotely provided to multiple aerodromes under external abnormal conditions.
	CRT-PJ05.02-V3-VALP-S02.010
	The Safety Acceptance Criteria are satisfied. 

	OBJ-PJ05.02-V2-VALP-S03
	Assess whether the ATS can safely be remotely provided to multiple aerodromes during degraded modes of operation 
	CRT-PJ05.02-V3-VALP-S03.010
	The Safety Acceptance Criteria are satisfied. 

	SAFETY 

	OBJ-PJ05.02-V3-VALP-S04
	Assess ATCO capability to provide ATC services in a safe manner to multiple aerodromes under all normal conditions
	
CRT-PJ05.02-V3-VALP-S04.010
	ATCO is able to identify and solve potential conflicts in a timely manner:
· In the vicinity of the aerodrome
· In the runway area 
· On the manoeuvring area

	
	
	CRT-PJ05.02-V3-VALP-S04.020
	ATCO is able to identify and solve hazardous situations in a timely manner (e.g.):
· Unstable approaches
· Bird strikes
· Aircraft not vacating RWY as expected

	
	
	CRT-PJ05.02-V3-VALP-S04.030
	ATCO is able to distinguish which aircraft, vehicle at which aerodrome the ATCO is communicating with

	
	
	CRT-PJ05.02-V3-VALP-S04.040
	ATCO is able to distinguish which sector the ATCO is communicating with 

	
	
	CRT-PJ05.02-V3-VALP-S04.050
	ATCO is not inducing more conflicting situations than in the baseline

	OBJ-PJ05.02-V3-VALP-S05
	Assess ATCO capability to perform specific procedures related to MRTM capabilities in a safe manner 
	CRT-PJ05.02-V3-VALP-S05.010
	ATCO is able to foresee traffic at his/her MRTM at short term in order to avoid overloads

	OBJ-PJ05.02-V3-VALP-S06
	Assess ATCO capability to cope with / manage abnormal situation in a safe manner
	CRT-PJ05.02-V3-VALP-S06.010
	ATCO is able to identify and manage abnormal situations (e.g.):
· Unknown flight
· Aircraft emergency
· Crash on an airport or its vicinity
· Fire on an airport
· Unplanned closure of an airport 

	

OBJ-PJ05.02-V3-VALP-S07
	

Assess ATCO capability to cope with / manage degraded modes and recover from them in a safe manner
	CRT-PJ05.02-V3-VALP-S07.010
	ATCO is able to detect and recover from a failure occurring at one of the airports affecting (e.g.):
· Communication
· Visualisation system
· Other airport systems / infrastructure

	
	
	CRT-PJ05.02-V3-VALP-S07.020
	ATCO is able to detect and recover from a failure occurring in several airport (e.g.):
· Communication
· Visualisation system
· Other airport systems / infrastructure

	
	
	CRT-PJ05.02-V3-VALP-S07.030
	ATCO is able to detect and recover from a failure in the MRTM affecting (e.g.):
· Communication
· Visualisation system


[bookmark: _Toc2947088][bookmark: _Toc22829159]Table 26: Validation Objective
[bookmark: _Hlk2850514]Summary of Validation EXE-05.02-V3-005 scenarios
Provide a summary of the reference and solution scenario(s). If, due to the nature of the validation technique, the definition of a reference scenario is not applicable, justify it here.
[bookmark: _Hlk2850582]The two airports involved in the RTS exercise were Brindisi (LIBR) and Grottaglie (LIBG), both of them served by ATC tower services. 
Traffic load and distribution were adapted to fit exercise objectives. During the RTS, three traffic samples (Low, Medium and High) for both airports were assessed. 
[bookmark: _Hlk2850607]The parameters covered by ENAV validation EXE-05.02-V3-005 are described in the Table 27 as follows.
	[bookmark: _Hlk2850620]
	Airport A
	Airport B

	Airport name (AIP)
	Brindisi (LIBR) “Papola Casale”
	Grottaglie (LIBG) “Marcello Arlotta”

	RWY designations
	13/31 
	17/35 

	RWY dimensions
	3048 m x 45 m
	3200 m x 45 m

	RWY strength and surface 
	PCN 94/F/A/X/T CONC/ASPH
	PCN 120/F/A/X/T ASPH


[bookmark: _Ref2853694][bookmark: _Ref2853685][bookmark: _Toc2947089][bookmark: _Toc22829160]Table 27: Current Aerodromes Information
[bookmark: _Hlk2850633]The simulation environment was set up to adhere as much as possible to current working conditions taking also into account the simulator capabilities and constraints. 

[bookmark: _Ref488341831]Summary of Validation EXE-05.02-V3-005 scenarios Assumptions
	[bookmark: _Toc2947090]Identifier
	Title
	Type of Assumption
	Description
	Justification
	Flight Phase
	KPA Impacted
	Source
	Value(s)
	Owner
	Impact on Assessment

	EXE-05.02-V3-005-ASS-01
	IFR traffic
	Traffic sample
	Only IFR traffic simulated
	Platform limitation
	TWR
	HP
SAF
	SIM
	N/A
	EXE-05.02-V3-005
	Medium

	EXE-05.02-V3-005-ASS-02
	Ground surveillance
	Surveillance
	Ground surveillance not available
	To increase fidelity of simulation in line with the current working environment in the local TWRs of simulated airports where GND SURV is not available
	TWR
	HP
SAF
	Solution
	N/A
	EXE-05.02-V3-005
	Low

	EXE-05.02-V3-005-ASS-03
	Silent coordination
	Working methods
	Silent coordination TWR-APP applied
	To avoid increasing complexity and focus the assessment on ATS provision to end users
	TMA
	HP
SAF
	SIM
	N/A
	EXE-05.02-V3-005
	High

	EXE-05.02-V3-005-ASS-04
	PTZ accuracy
	Simulator presentation
	Proper control of the PTZ
	PTZ available in the simulator, but, being a simulation, PTZ control accurate by default
	
	HP
SAF
	SIM
	N/A
	EXE-05.02-V3-005
	Medium

	EXE-05.02-V3-005-ASS-05
	Training and competencies
	Human Performance
	All Controllers have appropriate training and competencies.
	In order to validate the MRTM concept it is important that the controllers are familiar with the operating environment and tools.
	
	HP
	Procedure
	N/A
	EXE-05.02-V3-005
	High

	EXE-05.02-V3-005-ASS-06
	Phraseology
	Voice communication
	No change to current phraseology, except  for the mandatory use in communication, even for vehicles,  of the airport id
	Same approach applied to merging of ACC sectors
	TWR
	HP
SAF
	SIM
	N/A
	EXE-05.02-V3-005
	Low

	EXE-05.02-V3-005-ASS-07
	Frequencies management
	Voice communication
	Frequencies of the two airports coupled to one.
	No switching needed by the ATCO to select different frequencies
	TWR
	HP
SAF
	SIM
	N/A
	EXE-05.02-V3-005
	High


[bookmark: _Toc22829161]Table 28: Validation Assumptions overview
[bookmark: _Toc488419246][bookmark: _Hlk2852210]Deviation from the planned activities
The Validation Objective OBJ-PJ05.02-V3-VALP-S07 linked to Success Criterion CRT-PJ05.02-V3-VALP-S07.020 was not tested during simulation but assessed on a qualitative basis during the debriefing and questionnaire sessions.
[bookmark: _Ref488342045][bookmark: _Toc488419247]Validation EXE-05.02-V3-005 Results
[bookmark: _Hlk2852299]Summary of Validation EXE-05.02-V3-005 Results
	[bookmark: _Hlk2852318]Validation Exercise EXE-05.02-V3-005Validation Objective ID
	Validation Exercise EXE-05.02-V3-005Validation Objective Title
	Validation Exercise EXE-05.02-V3-005Success Criterion ID
	Validation Exercise EXE-05.02-V3-005Success Criterion
	Sub-operating environment
	Exercise EXE-05.02-V3-005 Validation Results
	Validation Exercise EXE-05.02-V3-005Validation Objective Status

	OBJ-PJ05.02-V3-VALP-H02
	Assess ATCO situation awareness when providing ATS to multiple aerodromes.
	CRT-PJ05.02-V3-VALP-H02.010
	ATCOs’ situation awareness is at an acceptable level.
	Remotely Provided Air Traffic Service for two Aerodromes.
	ATCOs’ affirmed that, in particular operational situations the situational awareness wasn’t always maintained at an acceptable level.
	POK

	
	
	CRT-PJ05.02-V3-VALP-H02.020
	ATCOs’ can prioritise tasks.
	
	ATCOs’ affirmed that they can prioritise tasks in the right way.
	OK

	
	
	CRT-PJ05.02-V3-VALP-H02.030
	ATCOs’ confirm that the user interface design supports a sufficient level of individual situation awareness.
	
	According to ATCOs’ feedback, the user interface design partially supported the individual situational awareness.
	POK

	
	
	CRT-PJ05.02-V3-VALP-H02.040
	ATCOs’ maintain an adequate level of SA, despite having to divide their attention to several airports with different procedures and characteristics (geographical area, urban infrastructure, weather conditions etc.).
	
	The level of situational awareness experienced during the RTS was not always fully acceptable because they payed attention to different operational events on two different airports with different procedures and characteristics. ATCOs’ considered that situational awareness could be within acceptable levels if further refinements will be defined and with additional training period. 
	POK

	OBJ-PJ05.02-V3-VALP-H04
	Assess ATCO workload when providing ATS to multiple aerodromes.
	CRT-PJ05.02-V3-VALP-H04.010
	ATCOs’ workload is at an acceptable level.
	Remotely Provided Air Traffic Service for two Aerodromes.
	ATCOs’ affirmed that workload was maintained at an acceptable level.
	OK

	OBJ-PJ05.02-V3-VALP-H06
	Assess ATCOs’ acceptance of operating methods when providing ATS to multiple aerodromes.
	CRT-PJ05.02-V3-VALP-H06.010
	ATCOs’ can apply operating methods in an accurate, efficient and timely manner.
	Remotely Provided Air Traffic Service for two Aerodromes.
	ATCOs’ suggested that to apply efficiently the new operating methods further refinement connected to the operational environments is required.
	POK

	OBJ-PJ05.02-V3-VALP-H07
	Assess ATCO acceptance of roles and responsibilities when providing ATS to multiple aerodromes.
	CRT-PJ05.02-V3-VALP-H07.010
	Changes to ATCOs’ roles and responsibilities introduced by the remote tower concept are clear, consistent, stable and acceptable.
	Remotely Provided Air Traffic Service for two Aerodromes.
	ATCOs’ introduced positive feedback on roles and responsibilities thanks to clear, consistent, stable and acceptable concept of the remote tower.
	OK

	OBJ-PJ05.02-V3-VALP-H08
	Assess usage of the ATCO phraseology.
	CRT-PJ05.02-V3-VALP-H08.010
	The phraseology is acceptable for the ATCO.
	Remotely Provided Air Traffic Service for two Aerodromes.
	The phraseology was acceptable because no need for any change was identified, except  for the mandatory use in communication, even for vehicles,  of the airport ID.
	OK

	OBJ-PJ05.02-V3-VALP-H11
	Assess usability and utility of ATCO human machine interface when providing ATS to multiple aerodromes.
	CRT-PJ05.02-V3-VALP-H11.010
	ATCOs’ have all required information available.
	Remotely Provided Air Traffic Service for two Aerodromes.
	The exercise highlighted that the ATCOs’ had all required information.
	OK

	
	
	CRT-PJ05.02-V3-VALP-H11.020
	ATCOs’ confirm adequate usability of input devices.
	
	The exercise highlighted that the usability of input devices could be increased with further refinements.
	POK

	
	
	CRT-PJ05.02-V3-VALP-H11.040
	ATCOs’ confirm adequate usability of alarms and alerts.
	
	ATCOs’ affirmed an adequate usability of alarms and alerts.
	OK

	
	
	CRT-PJ05.02-V3-VALP-H11.050
	The human machine interface does not increase the potential for human error.
	
	The exercise highlighted that human machine interface could not increase the potential for human error with further refinements.
	POK

	
	
	CRT-PJ05.02-V3-VALP-H11.060
	ATCOs’ confirm adequate usability of PTZ.
	
	ATCOs’ affirmed an adequate usability of PTZ.
	OK

	
	
	CRT-PJ05.02-V3-VALP-H11.080
	ATCOs’ confirm adequate usability and trust of PTZ automatic tracking.
	
	Feedback not applicable as PTZ tested in a simulated environment.
	N/A

	OBJ-PJ05.02-V3-VALP-H13
	Assess ATCO trust in support systems when providing ATS to multiple aerodromes.
	CRT-PJ05.02-V3-VALP-H13.040
	ATCOs’ trust in reliability of alarms and alerts.
	Remotely Provided Air Traffic Service for two Aerodromes.
	ATCOs’ affirmed the trust reliability of alarms and alerts.
	OK

	
	
	CRT-PJ05.02-V3-VALP-H13.060
	ATCO trust the overlaid information.
	
	ATCOs’ confirmed trust the overlaid information.
	OK

	
	
	CRT-PJ05.02-V3-VALP-H13.070
	ATCOs’ rate the usability of automatic object tracking and object bounding as adequate.
	
	ATCOs’ feedback on rate the usability of automatic object tracking and object bounding could be improved with further refinements.
	POK

	OBJ-PJ05.02-V3-VALP-S01
	Assess whether the levels of safety are maintained or improved under all normal conditions when ATS are remotely provided to multiple airports.
	CRT-PJ05.02-V3-VALP-S01.010
	The Safety Acceptance Criteria are satisfied (i.e. no increase of risk with respect to a situation in which ATC services are remotely provided by a controller to a single remote tower). 
	Remotely Provided Air Traffic Service for two Aerodromes.
	ATCOs’ affirmed that the Safety Acceptance Criteria could be satisfactory with further refinements on VP presentation.
	POK

	OBJ-PJ05.02-V3-VALP-S02
	Assess whether the ATS can safely continue to be remotely provided to multiple aerodromes under external abnormal conditions.
	CRT-PJ05.02-V3-VALP-S02.010
	The Safety Acceptance Criteria are satisfied. 

	Remotely Provided Air Traffic Service for two Aerodromes.
	ATCOs’ safely managed simulated abnormal conditions but highlighted that further refinements would be required (e.g. additional ATCO as support) to comply with more exhaustive abnormal conditions records. 
	POK

	OBJ-PJ05.02-V2-VALP-S03
	Assess whether the ATS can safely be remotely provided to multiple aerodromes during degraded modes of operation.
	CRT-PJ05.02-V3-VALP-S03.010
	The Safety Acceptance Criteria are satisfied. 

	Remotely Provided Air Traffic Service for two Aerodromes.
	ATCOs’ safely managed simulated degraded modes but highlighted that further refinements would be required (e.g. additional ATCO as support) to comply with all potential degraded modes.
	POK

	OBJ-PJ05.02-V3-VALP-S04
	Assess ATCO capability to provide ATC services in a safe manner to multiple aerodromes under all normal conditions.
	CRT-PJ05.02-V3-VALP-S04.010
	ATCO is able to identify and solve potential conflicts in a timely manner:
In the vicinity of the aerodrome
· In the runway area 
· On the manoeuvring area
	Remotely Provided Air Traffic Service for two Aerodromes.
	ATCOs’ identified and solved potential conflicts in a timely manner in the airside zone.
	OK

	
	
	CRT-PJ05.02-V3-VALP-S04.020
	ATCO is able to identify and solve hazardous situations in a timely manner (e.g.):
· Unstable approaches
· Bird strikes
· Aircraft not vacating RWY as expected
	
	According to the ATCOs’ feedback, they were able to identify and solve hazardous situations in a timely manner, but a further analysis is needed in a more complex traffic situation.
	POK

	
	
	CRT-PJ05.02-V3-VALP-S04.030
	ATCO is able to distinguish which aircraft, vehicle at which aerodrome the ATCO is communicating with.
	
	ATCOs’ could distinguish which aircraft, vehicle and aerodromes they were communicating with.
	OK

	
	
	CRT-PJ05.02-V3-VALP-S04.040
	ATCO is be able to distinguish which sector the ATCO is communicating with.
	
	Silent coordination applied as per assumption
	N/A

	
	
	CRT-PJ05.02-V3-VALP-S04.050
	ATCO is not inducing more conflicting situations than in the baseline.
	
	ATCOs’ did not experience that.
	OK

	OBJ-PJ05.02-V3-VALP-S05
	Assess ATCO capability to perform specific procedures related to MRTM capabilities in a safe manner.
	CRT-PJ05.02-V3-VALP-S05.010
	ATCO is able to foresee traffic at his/her MRTM at short term in order to avoid overloads.
	Remotely Provided Air Traffic Service for two Aerodromes.
	ATCOs’ provided positive feedback about the expected traffic at their MRTM at short term in order to avoid overloads thanks also to the use of the provided planning tool.
	OK

	OBJ-PJ05.02-V3-VALP-S06
	Assess ATCO capability to cope with/manage abnormal situation in a safe manner.
	CRT-PJ05.02-V3-VALP-S06.010
	ATCO is able to identify and manage abnormal situations (e.g.):
· Unknown flight
· Aircraft emergency
· Crash on an airport or its vicinity
· Fire on an airport
· Unplanned closure of an airport
	Remotely Provided Air Traffic Service for two Aerodromes.
	ATCOs’ were able to identify and manage abnormal situations.
	OK

	OBJ-PJ05.02-V3-VALP-S07
	Assess ATCO capability to cope with / manage degraded modes and recover from them in a safe manner.
	CRT-PJ05.02-V3-VALP-S07.010
	ATCO is able to detect and recover from a failure occurring at one of the airports affecting (e.g.):
· Communication
· Visualisation system
· Other airport systems/infrastructure
	Remotely Provided Air Traffic Service for two Aerodromes.
	ATCOs’ were able to detect and recover from a failure occurring at one of the airports affecting, like communication and visualisation systems.
	OK

	
	
	CRT-PJ05.02-V3-VALP-S07.020
	ATCO is able to detect and recover from a failure occurring in several airport (e.g.):
· Communication
· Visualisation system
· Other airport systems/infrastructure
	
	According to the controller’s feedback, the detection and recovery from this kind of multiple simultaneous failures require a more accurate case-by-case assessment.
	N/A

	
	
	CRT-PJ05.02-V3-VALP-S07.030
	ATCO is able to detect and recover from a failure in the MRTM affecting (e.g.):
· Communication
· Visualisation system
	
	ATCOs’ were able to detect and recover from the simulated failure in the MRTM, but highlighted that a more accurate case-by-case assessment is required for an exhaustive analysis. 
	POK


[bookmark: _Toc2947091][bookmark: _Toc22829162]Table 29: Validation Results for EXE-05.02-V3-005
[bookmark: _Hlk2852442]Analysis of EXE-05.02-V3-005 Results per Validation objective
1. [bookmark: _Toc2947018][bookmark: _Toc22829110][bookmark: _Hlk2852469]OBJ-PJ05.02-V3-VALP-H02 Results
•	Assess ATCO situational awareness when providing ATS to multiple aerodromes.
The situational awareness was assessed through China Leaks Measure and the results are partially positive as shown:
	[bookmark: _Hlk2852528]My SA with respect to the task was far too low. I could not perform the task because I did not possess the necessary information.
	0

	My SA with respect to the task was very low. I was unaware of almost all the information required to perform the task effectively.
	0

	My SA with respect to the task was low. I was unaware of most of the information required to perform the task affectively.
	0

	My SA with respect to the task was low. I was unaware of about half of the information required to perform the task affectively.
	5

	My SA with respect to the task was reduced. I was unaware of some of the important information required to perform the task affectively.
	2

	My SA with respect to the task was insufficient. I was not aware of all the information required to perform the task affectively.
	0

	My SA with respect to the task was not complete. I was able to perform the task, but not satisfactorily.
	4

	My SA with respect to the task was good. I was able to perform the task well most of the time.
	0

	My SA with respect to the task was very good. I was able to perform the task well all the time.
	0

	My SA with respect to the task was excellent. I was able to perform the task extremely well all the time.
	0


[bookmark: _Hlk2852543]Analysing results, situational awareness wasn’t always maintained within acceptable levels. 
In fact, ATCOs’ managed airports with different procedures and characteristics causing some issues and the VP reproduction (due to some constraint by the simulator) partially supported them. Despite this, ATCOs’ affirmed they had succeeded in prioritising tasks in the right way.  
Therefore, the situational awareness could be increased with further refinements on ATS to multiple aerodrome following gathered ATCOs’ feedback and advice. 
Furthermore, the results show a positive trend with each passing day, so it is believed that a greater period of training could help ATCOs’ to increase their situational awareness based on the actual scenario.
2. [bookmark: _Hlk2852559]OBJ-PJ05.02-V3-VALP-H04 Results
· [bookmark: _Hlk2852579]Assess ATCO workload when providing ATS to multiple aerodromes.
[bookmark: _Hlk2852588]The workload was assessed through Bedford Workload Scale and the results are partially positive as shown:
	· [bookmark: _Hlk2852599]Workload insignificant.
	0

	· Workload low.
	0

	· Enough spare capacity for all desirable additional tasks.
	1

	· Insufficient space capacity for early attention to additional tasks.
	1

	· Reduce spare capacity. Additional or other tasks cannot be given the desired amount of attention.
	3

	· Little spare capacity. Level of effort allows little attention to addition to additional or other tasks.
	1

	· Very high workload with almost no spare capacity but no impact to the primary ATM tasks.
	3

	· Very high workload with almost no spare capacity. Difficult in maintaining level of work.
	2

	· Extremely high workload, no spare capacity. Serious doubts as to the ability to maintain level of service.
	0

	· Tasks abandoned. I was unable to supply sufficient effort.

	0


[bookmark: _Hlk2852624]
[image: ]
[bookmark: _Ref2854267][bookmark: _Toc2947165][bookmark: _Toc22829014]Figure 68: Post Exercise Question on Workload
[bookmark: _Hlk2852641]Overall workload level (in terms of attention, skill or effort) experienced during the Real Time Simulation was partially positive. 
ATCOs’ highlighted that introduction of the remotely ATS to multiple aerodromes could increase their level of workload depending on environmental conditions, amount and typology of traffic and procedures and operational events (see Figure 68).  For this reason, an additional and in-depth assessment of the operational context is recommended before effective implementation.
3. [bookmark: _Ref2333718][bookmark: _Toc2947019][bookmark: _Toc22829111][bookmark: _Hlk2852661]OBJ-PJ05.02-V3-VALP-H06 Results
· Assess ATCOs’ acceptance of operating methods when providing ATS to multiple aerodromes.
Operating methods assessed during the Real Time Simulation provided different kind of feedback (see Figure 69).
ATCOs’ affirmed that they were able to plan and organise their own work as they wanted, but they suggested the need of a case by case analysis to define specific refinements connected to the real operational environment (see section 6.4.10).
[image: ]
[bookmark: _Ref2854375][bookmark: _Toc2947166][bookmark: _Toc22829015]Figure 69: Post Exercise Question on Operating Method

4. [bookmark: _Toc2947020][bookmark: _Toc22829112]OBJ-PJ05.02-V3-VALP-H07 Results
· Assess ATCO acceptance of roles and responsibilities when providing ATS to multiple aerodromes.
ATCOs’ feedback collected during Real Time Simulation were positive. Roles and responsibilities resulted to be clearly and consistently defined, and highly acceptable.
5. [bookmark: _Toc2947021][bookmark: _Toc22829113]OBJ-PJ05.02-V3-VALP-H08 Results
· Assess usage of the ATCO phraseology.
ATCOs’ feedback collected during Real Time Simulation were positive, no need for any change was identified, except for the mandatory use in communication, even for vehicles,  of the airport id. 
ATCOs’ have also emphasized the importance of awareness of AUs about the ATS provision by a MRTM, in order to increase their attention during A/G and G/G communications.
6. [bookmark: _Toc2947022][bookmark: _Toc22829114]OBJ-PJ05.02-V3-VALP-H11 Results
· Assess usability and utility of ATCO human machine interface when providing ATS multiple aerodromes.
Data collected during the Real-Time Simulation are shown in the Figure 70 and Figure 71. 
ATCOs’ affirmed that they had all required information and usability of input devices was adequate and enough. 
This last one could be increased with further refinements depending on the effective operational context. 
Furthermore, ATCOs’ highlighted that human machine interface could reduce the potential for human error if some improvements will be applied, depending on a case by case analysis of the operational environment.

[image: ]
[bookmark: _Ref2854594][bookmark: _Toc2947167][bookmark: _Toc22829016]Figure 70: Post Exercise Question on Usability
[image: ]
[bookmark: _Ref2854599][bookmark: _Toc2947168][bookmark: _Toc22829017]Figure 71 Post Exercise Question on Confidence with the System
7. [bookmark: _Toc2947023][bookmark: _Toc22829115]OBJ-PJ05.02-V3-VALP-H13 Results
· Assess ATCO trust in support system when providing ATS to multiple aerodromes.
ATCOs’ feedback on rate the trust and usability were positive, but they suggested some minor refinement regarding the automatic object tracking and object bounding.
8. OBJ-PJ05.02-V3-VALP-S01 Results
The objectives addressed by SAF Assessment has been analysed providing evidences for the addressed success criteria. Results were supported by graphs elaborated with data coming from questionnaire. The graphs show on the horizontal axis the number of answers provided by ATCOs’, while on the vertical axis adverbs of frequency are shown to indicate the ATCO level of agreement to the submitted question. It is possible to underline that some questions were not answered, and some questions were answered as Not Applicable, because the contents/concepts of these questions in those specific execution-runs were not addressed.
· Assess whether the levels of safety are maintained or improved under all normal conditions when ATS are remotely provided to multiple airports.
ATCOs’ feedback provided regards to Safety Acceptance Criteria were partially positive, as shown in the Figure 72. The figure highlights that the biggest number of answers, related to the safety level experienced during the Real Time Simulation, is “rarely”, because, ATCOs’ reported, they had to pay attention to different operational events simultaneously, and did not feel completely at ease, despite being under normal conditions, and no safety-related event occurred. Besides, it is important to notice that the trend with each passing day is positive.
[image: ]
[bookmark: _Ref2854748][bookmark: _Toc2947169][bookmark: _Toc22829018]Figure 72: Question on Safety Level
9. [bookmark: _Ref2333695][bookmark: _Toc2947024][bookmark: _Toc22829116]OBJ-PJ05.02-V3-VALP-S02 Results
· Assess whether the ATS can safely continue to be remotely provided to multiple aerodromes under external abnormal conditions.
To validate the MRT provision of ATS in external abnormal conditions, during real time simulation three unusual events were performed (Table 30, Table 31 and Table 32).
ATCOs’ feedback collected is shown in the Figure 73.
[image: ]
[bookmark: _Ref2333569][bookmark: _Ref2333558][bookmark: _Toc2947170][bookmark: _Toc22829019]Figure 73: Question on Unusual Events
ATCOs’ safely managed simulated abnormal conditions, but highlighted that further refinements would be required (e.g. ATCOs’ would strongly appreciate an additional ATCO as support and to manage several tasks, in case of abnormal conditions). 
10. [bookmark: _Toc2947025][bookmark: _Toc22829117]OBJ-PJ05.02-V3-VALP-S03 Results
· Assess whether the ATS can safely continue to be remotely provided to multiple aerodromes during degraded modes of operation.
ATCOs’ safely managed simulated degraded modes, but they highlighted that further refinements (e.g. ATCOs’ would strongly appreciate an additional ATCO as support, managing several tasks, in case of degraded modes) would be required to comply with all potential cases.
See OBJ-PJ05.02-V3-VALP-S02 Results and OBJ-PJ05.02-V3-VALP-S06 Results, for additional details.
11. [bookmark: _Toc2947026][bookmark: _Toc22829118]OBJ-PJ05.02-V3-VALP-S04 Results
· Assess ATCO capability to provide ATC services in a safe manner to multiple aerodromes under all normal conditions.
To assess ATCO capability to provide ATC services in a safe manner to multiple aerodromes, different success criteria are considered.
ATCOs’ identified potential conflicts in the vicinity of the aerodrome, in the runway area and on the manoeuvring area in a timely manner (Figure 74). 
No issues were identified to distinguish which aircraft and vehicle they were communicating with (Figure 75).
From the feedback provided, no more conflict situations were induced by the MRT ATS provision than in the single remote tower context. 
With regard to identifying, managing and solving hazardous situations (e.g. bird strikes, unstable approaches) ATCOs’ stated that it was possible and safe, but further analyses are needed, having regard to the specific operational environment considered, to face with all possible complex case.  Furthermore, ATCOs’ identified the VP reproduction as a primary element to be considered and improved at the most, in order to optimize situational awareness and ATCO reaction capability.
[image: ]
[bookmark: _Ref2946689][bookmark: _Toc2947171][bookmark: _Toc22829020]Figure 74: Question on Potential Conflict
[image: ]
[bookmark: _Ref2855955][bookmark: _Toc2947172][bookmark: _Toc22829021]Figure 75: Question on Identification of Aircraft/Vehicle
12. [bookmark: _Toc2947027][bookmark: _Toc22829119]OBJ-PJ05.02-V3-VALP-S05 Results
· Assess ATCO capability to perform specific procedures related to MRTM capabilities in a safe manner.
ATCOs’ provided positive feedback regarding their capability to perform specific procedures related to MRTM capabilities, thanks to the use of the provided ATCO planning tool, but during the high traffic samples (Figure 76), the controllers experienced a slight enhancement of workload level when applying the specific procedures, especially due to the need of a lot of co-ordinations, impossible to carry out in silent mode. 
With this in mind, and considering the increased possibility of unusual events during high-traffic times, in order to avoid the application of procedures such as delay on the ground for departing aircraft, or lot of coordination with the APP sectors to assign time to loose and delay action to arrival traffic, or VFR ones,  ATCOs’ suggested to consider the possibility to have an additional ATCO as support, and to “split” the MRTM in single remote tower modules to face with really complex possible situations. 
[image: ]
[bookmark: _Ref2334281][bookmark: _Ref2334253][bookmark: _Toc2947173][bookmark: _Toc22829022]Figure 76: Question on Traffic Prevision

13. [bookmark: _Ref2345484][bookmark: _Toc2947028][bookmark: _Toc22829120]OBJ-PJ05.02-V3-VALP-S06 Results

· Assess ATCO capability to cope with/manage abnormal situation in a safe manner.
During Real Time Simulation two unusual events were performed to assess the ATCO capability to cope/manage non-nominal situations. 
	[bookmark: _Hlk2852815]EVENT ID
	EVENT TITLE
	EVENT DESCRIPTION
	TRAFFIC SAMPLE
	RUN/SCENARIO
	RUN DURATION

	UE01
	Emergency A/C
	Due to an unexpected technical constraint, an arrival aircraft in LIBR has an emergency while ATCO is providing ATS to both aerodromes.
	High
	EXE_Run10
	60 min


[bookmark: _Ref2946723][bookmark: _Toc2947092][bookmark: _Toc22829163][bookmark: _Ref2859385]Table 30: Unusual Event #01
During a landing procedure on LIBR RWY31, the flight RYR32NR performed initially a missed approach due to gear failure, and then an emergency landing. The Table 30 above shows the defined unusual event.
	[bookmark: _Hlk2852850]EVENT ID
	EVENT TITLE
	EVENT DESCRIPTION
	TRAFFIC SAMPLE
	RUN/SCENARIO
	RUN DURATION

	UE02
	Runway Incursion
	While ATCO is providing ATS service to both aerodromes, a runway incursion occurs in LIBG or LIBR.
	Medium
	EXE_Run9
	60 min


[bookmark: _Ref2946725][bookmark: _Toc2947093][bookmark: _Toc22829164][bookmark: _Ref2860393]Table 31: Unusual Event #02
[bookmark: _Hlk2852894]Waiting for a planned RWY inspection on Brindisi RWY31, ATCO clearly instructs the vehicle to wait, because of flight EWG2850 on final. At the same time, the pilot of flight MMI2264, which had planned to approach LIBG in about half an hour, requests weather conditions in an unexpected moment.  Meanwhile, vehicle on LIBR engages runway without clearance, and EWG2850 is instructed to perform a missed approach. 
ATCO was able to simultaneously manage the unexpected pilot request from LIBG (ATCO only had the flight plan, but no active flight strip), and the RWY incursion in LIBR, maintaining an acceptable level of safety and situational awareness. 
[image: ]
[bookmark: _Ref2946798][bookmark: _Ref2859579][bookmark: _Toc2947174][bookmark: _Toc22829023]Figure 77: Question on Abnormal Situation
Although the management of simulated events demonstrated that an acceptable level of safety was maintained, ATCOs’ feedback clearly identify the need of a further analysis based on the real operational environment, to evaluate the possibility to cope with all different possible cases of abnormal situations, and the possibility to consider an additional ATCO as support in this kind of situations.  

14. [bookmark: _Toc2947029][bookmark: _Toc22829121]OBJ-PJ05.02-V3-VALP-S07 Results
· Assess ATCO capability to cope with / manage degraded modes and recover from them in a safe manner.

	EVENT ID
	EVENT TITLE
	EVENT DESCRIPTION
	TRAFFIC SAMPLE
	RUN/SCENARIO
	RUN DURATION

	UE03
	Technical Failure
	During nominal conditions, a failure occurs at one of the cameras in  LIBR airport. It results in a  black screen in the visualisation system.
	Low
	Exe_Run7
	60 min


[bookmark: _Ref8129956][bookmark: _Toc22829165]Table 32: Unusual Event #03
The technical failure defined in the unusual event UE #03 occurred during the landing of flight VJT4PQ on RWY 31 in LIBR. ATCO safely managed this event by using the available system functions. 
According to ATCOs’’ feedback, they were able to detect and recover in a safe manner when a failure occurred at one of the airports, affecting visualisation system.  However, having not tested every possible degraded mode, ATCOs’ expressed only a partially positive opinion since they believe it is necessary an in-depth case-by-case assessment to correctly evaluate the impact on safety of degraded modes.
[image: ]
[bookmark: _Toc2947175][bookmark: _Toc22829024]Figure 78: Question on Detection and Recovery from Failure
Unexpected Behaviours/Results
No unexpected behaviours occurred.

Confidence in Results of Validation EXE-05.02-V3-005
Level of significance/limitations of Validation Exercise Results

With regard to the level of significance, during the exercise it has been performed multiple runs gathering subjective qualitative/quantitative results through questionnaires and observation over the shoulders. The results obtained are favourable and significant since the HP and SAF Assessment show a positive trend in the evaluations received.
To be noticed that operational procedures for the simulation were slightly simplified and ATCOs hold licence to only one of the aerodromes.
Quality of Validation Exercises Results
Exercise results are based on ATCOs’ subjective opinions. Human Factors and Safety experts collected them by a set of questionnaires both at the end of each validation run and of the entire exercise. 
Data collection and analysis were adequately monitored and data collected are considered to be of good quality. In order to support the data collected, results from questionnaire and debriefing were integrated in the current document. It is worth to remember that the ATCOs’ participants sample for the tested operational scenario was limited (3 ATCOs’ involved), preventing a wide generalization of the results.
Significance of Validation Exercises Results
The significance of the validation exercise results can be considered acceptable since the operational environment was appropriate. Validation objectives and success criteria were all addressed although some lacked data due to mixture of the ATCOs’ experience. 
From the human performance point of view, the operational significance of the Real-Time Simulation has been partially influenced by training. In fact, most of the ATCOs’ involved would have appreciate an extra day of training to efficiently manage their own work. This aspect had an impact on the ATCO perceived workload, especially in the early stages of validation. In addition, data collected by questionnaires have been integrated with the ATCOs’ feedback in order to enhance the reliability of the findings. 
Concerning Safety, validation results and questionnaires outcomes provided are purely subjective qualitative/quantitative due to the short duration of the validation activity and related low number of ATCOs’ involved.

Conclusions
The following section provides a summary of the conclusions obtained in the validation exercise divided in the following subsections:
•	Conclusions on concept clarification
•	Conclusions on technical feasibility
•	Conclusions on performance assessments
It should be noted that these conclusions are related exclusively to the environment developed for the validation.
Conclusions on concept clarification
The Real Time Simulation highlighted the feasibility of the new proposed concept. However comments and concerns raised have to be considered before effective implementation/deployment, especially related to the specific operational environment considered.
Even if the concept definition shall be completed with recommendations (see section 6.4.10), to better define the details for application, in conclusion, the exercise has fulfilled its purpose and identified areas of improvement of the concept.
Conclusions on technical feasibility
The aim of “Remotely Provided Air Traffic Service for Multiple Aerodromes” exercise performed by ENAV focused on validating the complexity of combining two aerodromes with different layouts. The Real Time Simulation focus was on ATC side, evaluating how an ATCO can safely manage two aerodromes, with regard to an acceptable level of safety, workload and situational awareness. 
The integration of ATCOs’ recommendations to refine the proposed concept could lead to the future effective implementation of the MRTM.
[bookmark: _Hlk2852981][bookmark: _Hlk2853014]Conclusions on performance assessments
Human Performances Results
Human Performance Assessment in the Post-Simulation questionnaires was carried out thanks to Controller Acceptance Rating Scale (CARS), as shown as follows: ; in particular the left column shows the questions regarding the acceptability of the concept while, the right column shows the number of answers given by ATCOs (the actors involved during the exe was three, but only two answered to these questions):
	· [bookmark: _Hlk2853047]Improvement Mandatory. Safe operation could not be maintained using advisories.
	0

	· Major deficiencies. Safety is not compromised, but system is barely controllable and only with extreme controller compensation. Advisories are often not trustworthy and must be ignored.
	0

	· Major deficiencies. Safety is not compromised, but system is marginally controllable. Considerable compensation is needed by the controller. Advisories are not always trustworthy.
	0

	· Major deficiencies. System is controllable. Advisories do not compromise safety. Some compensation is needed to maintain safe operations.
	1

	· Very objectionable deficiencies. Maintaining adequate performance require extensive controller compensation.
	1

	· Moderately objectionable deficiencies. Use of advisories requires considerable compensation to achieve adequate performance.
	0

	· Minor but annoying deficiencies. Desired performance requires moderate controller compensation.
	0

	· Mildly unpleasant deficiencies. System is acceptable and minimal compensation is needed to meet desired performance.
	0

	· Negligible deficiencies. System is acceptable, and compensation is not a factor to achieve desired performance.
	0

	· Deficiencies are rare. System is acceptable, and controller doesn't have to compensate to achieve desired performance.
	0


[bookmark: _Hlk2853065]
From the analysis of the ATCOs’ feedback, the implementation of "Remotely Provided Air Traffic Service for Multiple Aerodromes” impacts their operational task in terms of working methods, timeliness and accuracy of the tasks and communication. 
They do not report any specific issue neither in terms of mental workload or situational awareness, but highlighted that the effective implementation of this new operating method need accurate case-by-case assessment according to scenarios considered. 
[bookmark: _Hlk2853074]They reported a positive expectation regarding the level of provided service by which the overall management of two aerodromes simultaneously will be potentially improved.

Safety Results
Real Time Simulation allowed to assess the validation objectives and related success criteria. 
Subjective both qualitative and quantitative data allowed to achieve very important results. According to the feedback provided by the involved ATCOs’ in the simulation, conclusions are as follows:
•	the new operating method does not impact negatively ATCOs’ Situational Awareness even if some controllers highlighted that in case of high traffic or contingency situations there may be a need for additional support not to have impact on level of safety provided; 
•	the workload induced by the Multiple Remote Tower Module was acceptable. It must be noted that in order to manage these new functions in an efficient way, and to maintain workload at an acceptable level, with the new system ATCOs’ shall have suitable competences to accomplish their tasks.
The number of non-nominal events tested during the RTS were considered representative to assess the impact on ATCO from the safety point of view, with any need for considering additional ones.
To ensure a safer environment, ATCOs’ suggested that, in a future real environment, an additional Planner Controller, managing several tasks in order to reduce the workload in high traffic or contingency situations, should be strongly recommended.
[bookmark: _Ref2332767][bookmark: _Hlk2853086] Recommendations
[bookmark: _Hlk2335244][bookmark: _Hlk2853111]Based on ATCOs’ feedback during debriefing sessions, recommendations from PJ05.02 “Remotely Provided Air Traffic Service for Multiple Aerodromes” are to be considered to achieve the positive feedback for the end user and the acceptability of the concept.
Recommendations provided are as follow:
· to ensure a safer environment, ATCOs’ suggested to have, in a future real deployment, an additional Planner Controller, managing several tasks, in order to reduce workload in abnormal, complex or high traffic situations;
· ATCOs’ strongly require to carefully assess aerodromes to be coupled in relation to the harmonisation of the operational procedures within their competence;
· ATCOs’ recommend the e-strips layout on CWP to be symmetrical for both airport to allow their handling uniformly, in order to further improve situational awareness level;
· in case of high traffic environment, ATCO suggest to evaluate the possibility to have a dedicated screen, in vertical position, for Electronic Flight Strips (EFS), reproducing current layout;
· ATCOs’ suggest to improve VP reproduction, merging into as more information as possible, as clock, meteo data, runway closure layer, full info aircraft labels, alerts etc., to further improve situational awareness;
· to increase situational awareness, ATCOs’ recommend to add ICAO AD designator code for each involved airport on RADAR display, and to insert it in each communication with aircraft and vehicles;
· to further investigate the complexity of co-ordinations with the airport operators, specially related to VFR traffic, identifying possible solutions for this specific type of traffic, e.g. opening up a second MRTM, PPR on VFR traffic or more local possibilities such as change of traffic patterns or entry exit points for VFR.

[bookmark: _Toc22829122] References
Reference to main documentation, delete if not required.
This section identifies the documents (name, reference, source project) the Validation Plan has to comply to or to be used as additional inputs. The documents mentioned in the template are examples that can be removed.
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This VALR complies with the requirements set out in the following documents:
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The following documents were used to provide input / guidance / further information / other:
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SESAR 1 P06.09.03-D32 SAR for Multiple Remote Tower (two low density aerodromes),	
Edition 00.01.01, Dated 18/11/2015
SESAR 1 P06.09.03-D28 HP for Multiple Remote Tower (two low density aerodromes), 	
Edition 00.01.01, Dated 01/09/2015
[bookmark: _Ref479157731]The Convention on International Civil Aviation, Annex 11, Air Traffic Services, Chapter 2.30 (Amendment 46)
[bookmark: _Ref479157742]ICAO Document 4444 “Procedures For Air Navigation Services - Air Traffic Management”, 15th Edition, 2007 (amendment 4, November 2012)
[bookmark: _Ref479157752]ICAO Document 9426 “Air Traffic Services Planning Manual”, 1st Edition, December 1992
[bookmark: _Ref481744525] SESAR1 P06.09.03-D35 “OSED for Remote Provision of ATS to Aerodromes”, Edition 00.06.02, Dated 20/11/2015
 LSD.02.03 D03 – RACOON Demonstration Report, Edition 01.01.00, Dated 19/12/2016
 LSD.02.04 D03 – Remote Towers Demonstration Report, Edition 00.02.00, Dated 06/12/2016
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[bookmark: _Toc459880183][bookmark: _Toc462151236]Provide Validation Exercise Report for Exercise #02, according to the Validation Exercise Report Template provided for Validation Exercise #01.
1. [bookmark: _Toc22829125]SESAR Solution(s) Maturity Assessment
Provide as an attachment the maturity assessment of the SESAR ATM Solution(s) after the exercises covered in this VALR based on the E-OCVM based SESAR Maturity criteria

Maturity Assessment to be filled on Stellar and added to this document after first review.
[bookmark: _Ref8895397][bookmark: _Toc9342225][bookmark: _Toc22829126][bookmark: _Toc536688937][bookmark: _Toc513474220]HP and Safety Workshop
Considering the low amount of data received in terms of Safety Questionnaires, it is not possible to assess with a sufficient level of confidence if Multiple Remote Towers are as safe as Single Remote Towers from the questionnaires alone. The Safety Questionnaires however confirm certain observations and conclusions derived from observation at the Validation Exercises and from the extended discussions with ATCOs’ at the HP and SAF workshop that took place on the 3rd and 4th April 2019 in Brussels at EUROCONTROL’s Headquarters. Assistants to this workshop included ATCOs’ from AVINOR, COOPANS, DFS and Hungarocontrol, and Solution leaders and contributors from COOPANS, DFS, DLR, ENAV, Indra, Hungarocontrol and EUROCONTROL.
[bookmark: _Toc9342226][bookmark: _Toc22829127]Results from Safety Questionnaires
As stated above, there was limited feedback from the Safety Questionnaires during the V3 exercises. Subsequently their quantifications will not be presented here.
The questionnaires provide some general representation of the aspects that were simulated and those that were not, and the tools that they found useful. For instance, from the results of the questionnaires we corroborate that most ATCOs’ feel that their capability to do a task was the same or worse with MRT than with SRT; this might not mean much in itself, as it is something to be expected, but what is interesting is the tools that helped the ATCOs’ realise the task despite the added complexity of managing more aerodromes. Self-reporting has the caveat that some ATCOs’ tend to be more confident and assess their capability to perform their tasks as high as with a SRT, while other ATCOs’ are more self-critical and despite reporting that they could do the job they felt that they couldn’t do it with the same capability as with SRT.
The Questionnaires also reveal, as do the results from the Validation Exercises, that no scenarios involving military or restricted areas were in the scope of PJ05. Some scenarios involving communication with ATSUs were very limited as well.
Regarding the main elements supporting the tasks, there is in some cases an overwhelming agreement on the tools that were more useful. Here the main elements that were highlighted in the questionnaires (with “>” meaning “more useful than”, and “>>” meaning “significantly more useful than”):
· Visual reproduction: Basic image, Object bounding (Labelling)
· Overlays: radar tracking >> AD map overlays /MET overlays
· PTZ: Basic PTZ
· System Support: Planning tool
· ATS systems: electronic flight strips >> ground surveillance >> air surveillance >> communication systems
This has not changed significantly from the results in V2. The questions included in the questionnaire have been implicitly discussed in the HP and SAF workshop as well, and we are satisfied that the results can provide good evidences for the safety assessment on the work that has been done. We also notice that some Validation Exercises lacked scenarios on abnormal conditions, and more specifically in degraded modes.
For more details see the Annex E of the Safety Assessment Report (SPR/INTEROP/OSED V3 Part II).
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ROLES AND RESPONSIBILITIES
Additional ‘ATCO’:  Options depending on the traffic situation in other:
To temporarily delay / stop / suspend traffic – coordination with APP controller is needed.
Termination of service (longer term)
Requirement: not to request an additional controller for all cases; e.g. in case that the traffic amount/complexity, operational environment (weather, day/night, etc.) allows for only one (ex: night with low complexity). 
For 3 airports: everybody seems to agree on the need for an additional controller, or someone else to take over some tasks (e.g. coordination tasks, communication). 
The requirement needs to state that this other ATCO or support person must be available when needed (to detail locally, considering rostering and breaks).
The requirement is to be a “SHALL” in case ‘termination’ is not an option. We need to reword it properly.
HC: they had a situation with emergency and the controller managed the situation but with a lot of delay, and the blocking point was the communication; having a planning controller taking on the coordination would be enough.

Coordination task:
Workload was manageable in simulations but in some cases it was not part of the exercises.
HC: they included coordination tasks with APP*. So the conclusion was that sometimes there was too much communication, but mainly during emergency situation (in nominal situations it was OK). *Later in the workshop it turned out that HC has to record the ATIS manually at Debrecen and PAPA which would as well increase the communication load.
There were other tasks that have not been tested, and some of them were simplified (e.g. military activities and coordination, etc.). The purpose was to harmonised procedures for all aerodromes, maybe including silence coordination. 

Supervisor 
They are responsible for planning resources. This is new for the supervisor (planning allocation).
In different airports/countries supervisors have very different tasks. E.g. in HUNGAROCONTROL they handle all emergencies, rather than the ATCOs’. Following an emergency situation the ATCO would normally be required to leave the working position. Perhaps just delaying traffic after an emergency would be a possibility to “recover” after intense traffic situations, not just emergencies.
Any other additional tasks: additional coordination in case of failure situations. In fact the tasks might be the same as currently but more complex. 
ON feedback: supervisor to identify when a new position needs to be open (split an AD, transferring from one Module to another than can take it), but the controller should be able to decide the best moment for the transfer, even if the responsibility remains on the supervisor.
Workload tool is a requirement for the SUP position and a recommendation for the ATCOs’ in a Remote Centre. The ATCO might not know the workload that they create for another colleague when asking for a transfer or might not be aware how the aggregated traffic would impact their workload following a merge.
OPERATING METHODS:
Clustering:
· Same RWY direction (geographical specificities), have been considered and tested by COOPANS; inconclusive if this would be a problem long-term.
· HUNGAROCONTROL: Aerodrome local procedures - e.g. for emergency - need to be harmonised among the aerodromes in the same cluster/module. COOPANS considers this unlikely as all aerodromes have different needs. Requirement can be to harmonise as much as possible considering local particularities.
· The ATCOs’ perceive a risk in making errors related to mixing local procedures. They consider they might not be so vigilant in assessing situations involving local procedures (hence losing more time in providing answers to pilots) as they would if controlling only one AD. The more ADs one has to provide control to, the higher the risk. There is not only a risk of mixing procedures, but a benefit in terms of time efficiency, as when procedures are harmonised the ATCO does not need to mentally swap between them when applying them.
· Training is a requirement for enhancing ATCOs’’ familiarity with all local procedures (currently up to 3 ADs and always the same ADs for one ATCO)
· It was observed in simulations with 3 ADs that under high workload, ATCOs’ would go back to using the local procedures they were used to from the AD they normally work for in real operations – this could be a matter of training, in the long term.
· The clustering option of ADs based on local procedures should be evaluated.
· Having the same systems for all aerodromes would enhance the possibility for silent communication (less workload, more time to manage traffic and detect conflicts, potentially safer).
PJ05.02 V3 Procedures:
· Harmonised procedures: need to be more detailed, type of procedures, etc. Renée will come back with a proposal in the report (after coordination with HC). The purpose would be to save time for the ATCO e.g. procedures on coordination, frequencies to contact, altitudes in AIP/ initial altitude included in the clearance, etc. The harmonisation of e.g. emergency procedures was already simulated; all 3 airports had the same emergency procedure (sequence whom and how to contact etc.).
· Traffic level: 20 movement per hour (30 for HC) for the module
PJ05.02 V3 Procedures:
· Clustering AD:  should be done considering avoiding confusions and to limit workload
· taking into account geographical specificities
· Runway directions should be ok.
· Harmonised procedures: this can be difficult as there would also be differences.
· Traffic type as well (maybe)
· Weather
· For the split and merge, other things need to be considered too:
· The endorsement of the controller to which a cluster is assigned has to be taken into account as well. There is no max number of endorsed AD for the moment for a controller.
· Traffic level : 30 movements per hour for the module

HUMAN AND THE SYSTEM
Direction finger: 
This requirement has disappeared.
E-strips: 
· Different implementations have been tested. 
· This is not a specific requirement for multiple, as it was already for Single. The only thing with multiple is to ensure its usability (have enough space, being properly located, etc.) which has to be stated for multiple (see later) as the space is limited and the requirement is to see the information at all times and to be able to distinguish information easily.
Display:
· Greyed out information should be for non-active aerodromes. Non-active runways are indicated as well, usually in red.
VISUALISATION
Visual and non-visual: ILS and lights: not all tested in all the validation exercises, mainly for technical constraints.
· Information on the status of the lights and no-visual aids should be always and easily visible for the ATCO, and it has to be easy to identify to which aerodrome they correspond.
Minimum information to be displayed: 
· as defined for Single; non-mandatory information should be hidden as selected by the ATCO in order not to clutter the view and to make it easy to find important information.
· Dark time was not tested in V3.
Weather information: same requirement as per Single. 
· The only additional thing should be to decide if the MET information should always be displayed or not. 
· Supervisor should have a weather forecast (constant MET briefing for all the aerodromes in the RTC) in order to plan better. A tool should be needed for that.
· ATIS information includes weather but it was not simulated, and that would mean more use of frequency, and potentially more time for the ATCO to record them if it’s not  automated or semi-automated ATIS, as it has to be recorded every hour. 
· If there is no ATIS or no automatic one, then capacity needs to be reduced in Solution 02 (to allow the ATCO to record it). The way it’s done should be defined in the implementation phases.
Camera positions: 
· Blindspots: not all the areas are visible. Manoeuvring area is visible, apron might not be visible, but should be visible if the ATCO has any responsibility in the apron too (agreement with the local aerodrome). Even if not having a responsibility, it is worth seeing the apron for planning reasons as they can anticipate who will be entering the manoeuvring area, when and where.
· In HC: The problem is not just to find the optimal position for cameras, but to be able to install them in the aerodrome as there are regulations limiting the installation of those cameras (in high for example).
· Marcus: we need to make the difference between Budapest airport (large airport) and the other mediums ones for which Remote Tower is to be applied. Do not generalise too much, otherwise there will be too many constraints and the CBA will just not work.
· This requirement is the same already for Single, so no need for a new one. The only additional thing to take into account is:
· When two aerodromes have the same runway direction but for which the cameras are in the opposite side; this can be disturbing in particular to control VFRs. HC and DFS tested similar scenarios but they were not confused (they adapted easily, making a clear distinction between the aerodromes).
Information displayed in the label: 
The label should be adjustable if used (based on radar information)
PTZ:
· For Avinor it was not used in the validation for technical constraints.
· PTZ is a requirement as for single, and Automatic PTZ is not a requirement. 
Current tasks (SR-16): 
Less able to perform some tasks, namely monitoring other AD while doing something in one AD. 
Sound could help to keep a better situational awareness – but could be confusing from 3 aerodromes. If not, some other ways should be put in place to indicate what is happening in the other ADs while not monitoring them (based on surveillance for example, but ground surveillance one not available everywhere).
In Multiple Remote tower the way of managing the traffic might change with respect to current situation, as things can be missed (late detections, etc.). Maybe delaying traffic or working more conservatively. 
Landing and take-off: critical phase, the ATCO needs to monitor them closely. A tool could help the ATCO to tell them that there is an aircraft on short final for example.
Very unusual feeling described by the ATCOs’ from Avinor as they were not able to watch the landing and departing A/C at all times, given the simultaneous movements. Additional alerts shall be considered in order to enhance the awareness in the absence of sound. E.g. rimcas (currently only in big aerodromes)
AI DATA ALERTS, ETC.
In AIP should be indicated if an airport is part of a cluster so service is provided from a Multiple Remote Tower (even if sometimes is provided as Single).
Alerts need to be provided for each airport in a clear and easy way.
COMMUNICATION
Airport Name:
AD name: true for everybody except for Avinor (they used “Remote”). They used the name from time to time also because that is what they do today, but it would be a matter of training. 
Rather than “Remote”, if anything, they should use “Multiple Remote”, because the fact that the ATCO controls more than one AD and that there are other AD on frequency is what makes it different for pilots too.
APP ATCO could add information in one simple command when transferring A/C to TWR, informing it is Multiple Remote Tower; this could be an extra barrier in enhancing the awareness of pilots.
Once communication is established, it is still not clear if the ATCO and pilot need to keep adding the name of the AD at every communication or clearance (maybe for clearances). This would be the closest to today.
In LFV they always use the AD name with the RWY, every time. It’s easier than having to think in which situation use it or not.
Potential problem of similar call sign needs to be considered for communications with pilots from different ADs.
No pilots have been truly involved in the discussions, so in the scope of PJ05 it is not responsible to state that changing the procedure for pilots would be possible.
More discussions with airlines on phraseology and potential frequency congestion should take place. 
Information campaigns - HP requirement for flight crew to read NOTAM and other documents pointing out they are communicating with a Multiple Remote Tower to enhance awareness about coupled frequencies. If pilots are required to read back the airport for multiple remote towers only, this might be dismissed as they are not in the habit of always doing so in conventional aerodromes. Currently in the Jeppesen charts there is an indication of « remote » , perhaps with the introduction of multiple remote towers there shall be an indication on « multiple remote ».
Note: Concerning the GM from EASA, the proposal was not to use Remote as it was not seen as necessary, but based on the experience on Single only, not Multiple. As mentioned before, it could be worthwhile to use the denomination of Multiple.
Communication with vehicles:
System that allow a request of communication from the vehicle (push to talk) so the ATCO is aware a vehicle wants to talk with them but can choose the moment that suits them. This functionality comes from military. DFS has something like that. ATCOs’ are very keen on this as the sufficient training of vehicle drivers is not guaranteed, from their experience.
A way to implement it would be displaying on the panorama that a vehicle is calling from a specific aerodrome (no need to change the comm system like that).
You can have an indication as well on in which frequency a call has been received.
Avinor uses 2 frequencies, one for ground-ground, and another for ground-tower. So the frequency is not too busy for the ATCO. HC have the same but because of lack of training ground vehicles were using the frequency for the tower for communications ground-ground.
Ground frequencies should not be coupled between aerodromes.  So ATCO have to select the right frequency to talk with each aerodrome vehicles.
As per DLR, there was no main problem on identifying who was calling each time.
LFV tested a scenario where many vehicles/aircraft called at the same time. They have an indication on the frame of the screens about who is calling. There was no main problem, ATCOs’ managed the situation (asking com again, etc.).
Nevertheless Ground communications are the most disturbing ones, one may miss call from an A/C because a vehicle is calling at the same time (they don’t know ATCO is busy). So a system to ‘hold on’ those comms could help, in particular in Multiple RT.
HC uses some procedures for vehicles in order to reduce the number of ground-tower communication.
 As per RWY Incursion prevention plan, one recommendation is to have the vehicles in the air frequency when they are in the runway, in order to have a common situational awareness. This implies a transfer of frequency between ground and air for vehicles. This is done in most of the German and French airports.
This has not been tested in any validation. More training for ground drivers might be necessary; many of them do not speak English but being in the frequency might nevertheless give them awareness of the line being busy or other movements i.e. aircraft being on the RWY. Vehicles on the runway will be in the same frequency as all aircraft/vehicles in the runway for all the aerodromes. To be included as recommendation.
E.g. in Italy they have a coordinator that manages the ground frequency and the call and who coordinates with the tower ATCO for the use of the runway.
Contacting airport personnel: 
· HC simulated emergency situation. The first thing was to harmonise the emergency procedure for the 3 aerodromes. While dealing with the emergency (coordinating, etc.), there was few time to communicate and take care of the other aerodromes. And this was in a simulation, so in real life the overload would be much higher. The procedure should be to split the other two aerodromes as soon as possible. This is where you need someone else for manage the other 2 aerodromes (Solution 02). 
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Unexpected flights:
· VFR may be unexpected but this is not abnormal.
· The real issue is A/C not contacting the controller: 
· It can take longer to detect depending on the direction A/C comes from. 
· Sound may help, as well as radar (if the traffic has a transponder). Radar presentation is a requirement, but radar coverage depends on the aerodromes.
· The possibility of detecting unexpected flight visually might be lower without 360° view.
· Detecting drones might be complicated as well.
· Managing the situation: might take time and resources.
In those abnormal situations a solution would be to split (Solution 02: having someone helping, Solution 03: transfer to another module). But the time it takes to do the split is to be taken into account as during the split one cannot be managing an emergency situation. Splitting two AD will take even longer. Controllers prefer to keep the airport with abnormal situation. 
In some cases a situation is so unexpected that the ATCO doesn’t even have time to split. The ATCO has to manage the situation with all the ADs: this reinforces the idea that when providing multiple remote tower service traffic has to be managed in a more conservative way in order to be able to cope with these unexpected situations.

[bookmark: _Ref10799132][bookmark: _Toc22829131]Splitting and transferring
Planning tool:
· for the ATCOs’ this was a “nice to have” tool; it makes thinks easier –improving efficiency- as ATCOs’ don’t need to check FLP for each AD and they can foresee peaks and lows. It can be a “SHOULD” requirement.
· For the supervisor it would be mandatory, as they have the view of the entire centre that might be 15, 20 aerodromes. ATCO has the view of up to 3 aerodromes, the ones in the module.
· The timeframe they will need and use might be different (e.g. 30min for ATCO and hours for the Supervisor).
· Nice to have a representation of all aerodromes separately as well as coupled, otherwise mental calculation is required.
· To be noted, though, that the planning tool can only take into account planned events (traffic with FPL) but not all the unexpected flights (e.g. VFR without FPL). A possibility would be to make mandatory FPL even for VFR in AD remotely controlled. Or make assumptions on the Planning Tool to account for that (extra buffer?). The planning tool shall eventually account for the available endorsements as well (to clarify how many - up to 4?).
· Indra: in the tool for the ATCOs’ they also displayed the call signs so they could expect who was to call for example.
· Split: they all used a checklist for the split which is based on current checklists for other situations at aerodromes.
SPLIT/MERGE (SR-17)
· Planning tool may help to decide when and which one to transfer.
· Time for split depends on weather, complexity, etc. in the corresponding ADs; the technical transfer was about 10-15 seconds, then some time (some minutes) for the second ATCO to take control and the first one to release it. A handover-like check list was applied for the split.
· Maybe, by default, the same view on the AD transferred that the initial ATCO is using should be provided to the second ATCO in order to quicker understand the situation. 
· A fixed position for one/several aerodromes could help reduce confusion. 
· However there was no full agreement on whether the fixed or flexible configurations were more appropriate
· The advantage of fixed configuration would be to easily take over by another ATCO in case it’s needed. If everything is customised, the next ATCO will find it difficult to understand the situation and the handover will take longer. In case of flexibility in configuration is done, and then a “default” configuration should be easily available. And in flexible allocation and configuration some rules need to be established.
· Closing an aerodrome or several has not been simulated/tested. Current procedures should apply, contacting the APP to take traffic away.
Communication failure: lamp signals on the PTZ could be used (tested in Sundsvall and pilots could see it; more on this in Communication and in Degraded).
WORKSHOP Conclusion: The split is supposed to follow a checklist in order to transfer to an available MRTM. The time and focus that it takes to split would be taken into consideration when splitting because of an emergency. In the validation exercises the split was either suggested by the supervisor or decided by the ATCO because of traffic increase or complexity. The transfer was working in the platforms that were observed, and the ATCOs’ seemed to be comfortable with the procedure.
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· In Single and Multiple: same alerts in case of last of communication or other systems.
· Mitigation means are to be applied in case of failure for one AD: e.g. split. If the failure affects all the AD, then termination of the service, but this may take some time. Mitigation needs to be defined for each case, locally.
· It has not been tested in the exercises.
· Screen freezing is a failure that is more complicated to detect than the loss. 
· Even applying the same mitigations means for each AD as per single implementing them will never be as obvious in Multiple, and it can affect the service provided in the other AD.
PJ05.03, loss of Supervisors planning tool:
· Limit the capacity in each AD and also the number of AD in the RTC, or more controllers are needed if possible (if Modules and people allow).
· The plan will take more time as it will be done manually: support without optimising cost-efficiency, split as much as possible.
· The tool helps in making the RTC more efficient, but surely to be able to cope with more AD in the RTC.
· Tasks of Supervisor have not yet been really defined.
· Supervisor is more in the strategic planning (even on the day of operations), so failure of systems is less critical but criticality is still there. Supervisor is doing the role of supervisor and Flow Manager (as analogy with ACC). Mitigation means need to be put in place, maybe similar to ACC.
It is assumed that all the requirements derived for ATC are covering AFIS as well. Unless a different solution is to be used, then new assessment needs to be done.
Screens
COOPANS: In the case of frozen screen/s, there is an indication and an alert.
1 screen failure: using PTZ should solve the situation in the short term, removing traffic and then applying LVC procedures.
All the screens: LVC procedures can be applied. 
There is also the possibility of switching to the other screens in the case that there is no traffic in the other aerodrome(s).
HC: The platform is not able to switch screens, but ATCOs’ would accept to switch screens in case of failure.
COOPANS: There may be legal problems in the case of no longer monitoring an aerodrome because of this switch.

Communication
COOPANS: It’s the same as in single remote tower. The main problem would be if common fails for all the aerodromes at the same time. There is an emergency frequency for communicating with pilots, and a dedicated line with aerodromes.
Due to frequencies being coupled, pilots would potentially have less awareness in distinguishing flights from other aerodromes or their own, and having a full picture of the amount of traffic. The phone could be an option as well, and back-up batteries to keep up the system running too.
Radar
COOPANS: The service can still be delivered despite degradation of the radar, with a possible impact on capacity but not on safety. ATCOs’ would ask pilots to report their position, and this would be a higher workload for both.
Flight Planning
COOPANS: This system is useful for capacity but wouldn’t affect safety. In
The detection of a failure would be the same as for single remote towers. Once the failure or degradation is detected, ATCO can continue to work by manually writing down the flight plans (as with a pen and paper).
Planning Tool
COOPANS/HC: It is equivalent to the e-strips system. This is a “nice to have” feature. 
If the planning tool does not work properly (e.g. not forecasting the right information), there are other systems providing the same information. There is no great impact in losing this feature.
Other
HC: ILS, PTZ, etc. – there are other systems that can fail too.
It should be taken into account that some systems may be part of the same HMI, and they would fail at the same time.
Combination of failures
The type of traffic can impact on the basic needs to keep providing service – VFR needs radar for example, IFR could be managed without.
In order to provide a full service with peak traffic, the only tool that can fail of the aforementioned is the planning tool.
In order to provide full service with nominal traffic, the planning tool and the radar can fail – but this depends on the type of traffic; VFR needs radar for example, IFR could be managed without.
In order to provide the minimum service needed to deal with the current traffic but rejecting new departures (contingency situation): communication can fail on one aerodrome, and either the radar or the screens can fail, but not both at once.
To sum up, certain circumstances will need to be considered for each case: type of traffic, amount of traffic, airspace classification, etc. 
Complexity
A contingency plan needs to be defined on how to deal with each possible situation. There is a discussion on the need of a back-up system (or a more robust system). In a conventional tower there is still the possibility to go outside with the radio and use visual monitoring, but in single or multiple remote towers it is not possible.
These constraints are the same for both single and MRTM.
PJ05.02:
1. Sequencing task: controller providing the sequence for landing at the same time for several aerodromes, for VFRs.
· This could be confusing and controller might mix-up the sequences.
· Mitigations would be to either split or hold traffic.
· It has not been tested as such. But managing VFR has been tested in other stress situations. The tendency is to focus on one AD and to provide a more conservative service to the others. Controllers need to be able to decide when they need to split. So the solution would rather be on letting the controller decide (to split, to delay, to manage traffic differently) instead of identifying specific situations in which a split is ‘mandatory’.
· Training requirements on this should be defined.
2. Design of the tools and systems of the platforms.
· Recommendations should be provided on the best options in terms of design, location of information, colouring, and other HMI and ergonomic factors from a Human Performance perspective. But this is difficult to be done in detail as each validation uses different platforms, and because it was simulations most of the time, and because in SESAR we don’t get to a physical level.
· It has not really been done, at least not in detail and exhaustively (could be done comparing errors on different platforms for example).
3. Fatigue: 
· The runs during the validation exercises couldn’t allow to measure this, as they were too short and not enough runs; also, not everybody experience fatigue in the same way (difficult to simulate, it would need an exhaustive scientific experiment).
· Fatigue studies should be done during ops phase. Nevertheless no fatigue studies have been done for Single Remote Tower and not even for conventional towers.
· National rules/laws/regulations may limit the time a controller is to be sitting and working in front of the screens and how long the breaks need to be.
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Traffic distribution
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Wind conditions
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RWY direction change was included in one scenario for one AD
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Aerodromes ATC-79 - Multiple Remote Tower Module


Aerodromes ATC-81 - ATCO planning tool for MRTM


Aerodrome ATC-82 - Tecnical supervision of MRTM


CTE C-14 - Advanced Voice Services


Meteo-03 - Met Services APT


Meteo-03c - Met services APT and APP


































































































Traffic volume


10 movements/hour and 2 simultaneous movements


20 movements/hour and 4 simultaneous movements


Traffic complexity


Even distribution
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0.21081851067789273	0.47726070210921168	0.21081851067789201	0.22360679774997896	0.22360679774997896	0.21081851067789273	0.47726070210921168	0.21081851067789201	0.22360679774997896	0.22360679774997896	useful	well integrated	distracting	work quicker	distinguish aerodromes	4.666666666666667	4.166666666666667	1.3333333333333333	4.5	4.5	Useful overlays
Scenario 1	MET information	Cardinal directions	RWY edge, TWY edge	0.61538461538461542	0.15384615384615385	0.15384615384615385	Scenario 2	MET information	Cardinal directions	RWY edge, TWY edge	0.75	0.25	0.25	Scenario 3	MET information	Cardinal directions	RWY edge, TWY edge	0.7	0.2	0.1	Scenario 4	MET information	Cardinal directions	RWY edge, TWY edge	0.8571428571428571	0.2857142857142857	0.2857142857142857	Scenario 5	MET information	Cardinal directions	RWY edge, TWY edge	0.88888888888888884	0.22222222222222221	0.33333333333333331	Scenario 6	MET information	Cardinal directions	RWY edge, TWY edge	0.8	0.4	0.2	Cardinal directions
0	0	0	0	0	0	0	0	0	0	0	0	useful	well integrated	distracting	work quicker	acceptable interface	distinguish aerodromes	5	5	1	5	5	5	Questions about PTZ
Average	0.30731814857642969	0.36514837167011077	0.4281744192888377	0.55777335102271708	0.30731814857642969	0.33333333333333315	0.25819888974716115	0.33333333333333348	0.21081851067789159	0.30731814857642958	0.30731814857642969	0.36514837167011077	0.4281744192888377	0.55777335102271708	0.30731814857642969	0.33333333333333315	0.25819888974716115	0.33333333333333348	0.21081851067789159	0.30731814857642958	useful	more quickly	reduced time	without automatic PTZ difficult	supported me	automatic PTZ must-have	interface acceptable	replaces binoculars sufficient	fixed PTZ positions useful	3.1666666666666665	3	2.5	2.6666666666666665	2.8333333333333335	3.3333333333333335	2	2.6666666666666665	3.3333333333333335	

Use of PTZ camera
Scenario 1	Not at all	1-5 times	5-10 times	More than 10 times	0.125	0.5	0.25	0.125	Scenario 2	Not at all	1-5 times	5-10 times	More than 10 times	0.6	0.2	0.2	0	Scenario 3	Not at all	1-5 times	5-10 times	More than 10 times	0.2857142857142857	0.7142857142857143	0	0	Scenario 4	Not at all	1-5 times	5-10 times	More than 10 times	0.66666666666666663	0.16666666666666666	0.16666666666666666	0	Scenario 5	Not at all	1-5 times	5-10 times	More than 10 times	0.2857142857142857	0.42857142857142855	0	0.2857142857142857	Scenario 6	Not at all	1-5 times	5-10 times	More than 10 times	0.33333333333333331	0.66666666666666663	0	0	PTZ
Scenario 1	Useful	Confusing	Automatic tracking useful	0.5	0.25	0.25	Scenario 2	Useful	Confusing	Automatic tracking useful	0.2857142857142857	0.14285714285714285	0.2857142857142857	Scenario 3	Useful	Confusing	Automatic tracking useful	0.5	0.125	0.25	Scenario 4	Useful	Confusing	Automatic tracking useful	0.42857142857142855	0.2857142857142857	0.2857142857142857	Scenario 5	Useful	Confusing	Automatic tracking useful	0.66666666666666663	0.22222222222222221	0.33333333333333331	Scenario 6	Useful	Confusing	Automatic tracking useful	0.6	0	0.2	PTZ
0.47380354147934289	0.52812078601949597	0.45922146480918846	0.52812078601949597	0.3779644730092272	0.48092880658867021	0.6116777418411965	0.56544486128751992	0.5084322977157768	0.21821789023599236	0.29738085706659012	0.47380354147934289	0.52812078601949597	0.45922146480918846	0.52812078601949597	0.3779644730092272	0.48092880658867021	0.6116777418411965	0.56544486128751992	0.5084322977157768	0.21821789023599236	0.29738085706659012	accurate	useful	work quicker	reduced unproductive time	PTZ for ATS	PTZ for critcial ATS moments	PTZ must-have for ATS	acceptable interface	sufficient replacement binoculars	only sufficient replacement when runway-zoom	fixed positions	3.2857142857142856	3.4285714285714284	3.1428571428571428	2.5714285714285716	3	3.4285714285714284	3.5714285714285716	2.7142857142857144	3.1428571428571428	3	3.5714285714285716	PTZ tasks
Monitoring A/C at gate	Monitoring departing A/C	Monitoring arriving A/C	Monitoring A/C at RWY/TXY	Inspecting RWY	Inspecting vehicles	Other	0.2857142857142857	0.2857142857142857	0.5714285714285714	0.5714285714285714	0.42857142857142855	0.5714285714285714	0.42857142857142855	
Use PTZ vs. binoculars
PTZ more often	
0.28999999999999998	PTZ less often	0.43	equal	
0.28999999999999998	EFS
0.2857142857142852	0.3779644730092272	0.29738085706659068	0.30860669992418382	0.26082026547865073	0.26082026547865073	0.18442777839082858	0.34006802040680251	0.40406101782088438	0.21821789023599236	0.14285714285714318	0.14285714285714318	0.2857142857142852	0.3779644730092272	0.29738085706659068	0.30860669992418382	0.26082026547865073	0.26082026547865073	0.18442777839082858	0.34006802040680251	0.40406101782088438	0.21821789023599236	0.14285714285714318	0.14285714285714318	reliable	easy to use	useful	work quicker	reduced unproductive time	EFS for ATS	EFS for critcial ATS moments	EFS must-have for ATS	acceptable interface	airport functionalities	OTW view integration	PAN integration	4.2857142857142856	4	4.4285714285714288	4	4.1428571428571432	4.1428571428571432	4.2857142857142856	4.1428571428571432	3.8571428571428572	4	3.1428571428571428	3.1428571428571428	
Communication
0.2857142857142852	0.40406101782088438	0.20203050891044219	0.18442777839082858	0.28571428571428564	0.30860669992418382	0.18442777839082938	0.5084322977157768	0.2857142857142852	0.40406101782088438	0.20203050891044219	0.18442777839082858	0.28571428571428564	0.30860669992418382	0.18442777839082938	0.5084322977157768	reliable	accurate	confusing coupled air frequency	phraseology	confusing decoupled ground frequency	phraseology ground	know which A/C	know which airport	4.2857142857142856	4.1428571428571432	1.5714285714285714	4.2857142857142856	1.7142857142857142	4	4.7142857142857144	3.8571428571428572	ATCO planning tool
0.40824829046386302	0.25	0	0	0.40824829046386302	0.47871355387816905	0.5	0.40824829046386302	0.40824829046386302	0.25	0	0	0.40824829046386302	0.47871355387816905	0.5	0.40824829046386302	accurate	useful	well integrated	distracting	work quicker	tool for critcial ATS aspects	tool for split/merge	tool must-have for ATS	3	2.75	4	1	2	2.25	3.5	4	Non-emergency	EFS Left	EFS Right	OTW Left	OTW Right	Radar Left	Radar Right	VCS	27.7	25.6	14.9	11.7	4.2	2.4	0.6	Emergency	EFS Left	EFS Right	OTW Left	OTW Right	Radar Left	Radar Right	VCS	3.1	38.1	0.7	36.4	0.4	1.6	1.9	Handling traffic on one airport***	EFS Left	EFS Right	OTW Left	OTW Right	Radar Left	Radar Right	VCS	18.899999999999999	20.100000000000001	12.6	14.7	3.4	7.4	0.2	Handling traffic on two airports***	EFS Left	EFS Right	OTW Left	OTW Right	Radar Left	Radar Right	VCS	16.2	19.2	15.8	16.600000000000001	4.5	4.2	0.1	Heavier traffic volume while handling traffic on two airports**	EFS Left	EFS Right	OTW Left	OTW Right	Radar Left	Radar Right	VCS	24.9	28.3	11.1	16.899999999999999	2.1	0.9	0	Total SCN1-4	EFS Left	EFS Right	OTW Left	OTW Right	Radar Left	Radar Right	VCS	16.2	18.600000000000001	15.4	17.7	4.0999999999999996	4.8	0.1	SCN1	0.49487165930539351	0.3499271061118826	0.47140452079103168	0.89442719099991586	0.83299312783504287	0.83299312783504287	0.81649658092772603	0.90350790290525129	0.68718427093627676	0.49487165930539351	0.3499271061118826	0.47140452079103168	0.89442719099991586	0.83299312783504287	0.83299312783504287	0.81649658092772603	0.90350790290525129	0.68718427093627676	5	10	15	20	25	30	35	40	45	1.4285714285714286	1.8571428571428572	2.3333333333333335	3	3.1428571428571428	2.8571428571428572	3	2.4285714285714284	1.8333333333333333	SCN2	0.4898979485566356	0.37267799624996495	0.82915619758884995	0.82915619758884995	1.0897247358851685	0.82915619758884995	0.82915619758884995	1.1180339887498949	0.4330127018922193	0.4898979485566356	0.37267799624996495	0.82915619758884995	0.82915619758884995	1.0897247358851685	0.82915619758884995	0.82915619758884995	1.1180339887498949	0.4330127018922193	5	10	15	20	25	30	35	40	45	1.4	2.1666666666666665	2.75	3.25	3.75	3.25	3.25	2.5	1.25	SCN3	0.45175395145262565	0.45175395145262565	0.3499271061118826	0.68718427093627676	0.37267799624996495	0.68718427093627676	0.57735026918962573	0.68718427093627676	0.47140452079103168	0.45175395145262565	0.45175395145262565	0.3499271061118826	0.68718427093627676	0.37267799624996495	0.68718427093627676	0.57735026918962573	0.68718427093627676	0.47140452079103168	5	10	15	20	25	30	35	40	45	1.2857142857142858	1.7142857142857142	2.1428571428571428	2.8333333333333335	3.1666666666666665	2.8333333333333335	3	2.1666666666666665	1.3333333333333333	SCN4	0	0.74833147735478833	0.63245553203367588	0.74833147735478833	0.74833147735478833	1	0.89442719099991586	0.8	0.74833147735478833	0	0.74833147735478833	0.63245553203367588	0.74833147735478833	0.74833147735478833	1	0.89442719099991586	0.8	0.74833147735478833	5	10	15	20	25	30	35	40	45	1	1.8	2	2.8	3.2	3	3	2.6	1.8	SCN5	0.37267799624996495	0.89752746785575066	1.0671873729054748	0.7559289460184544	0.89752746785575066	0.37267799624996495	0.89752746785575066	1.0671873729054748	0.7559289460184544	0.89752746785575066	5	10	15	20	25	30	35	40	45	1.1666666666666667	2.1666666666666665	3.1666666666666665	3	3.1666666666666665	Very light	8	9	10	11	12	13	14	15	16	17	18	19	2	3	1	3	1	3	1	1	3	2	3	3	Moderate	8	9	10	11	12	13	14	15	16	17	18	19	1	3	1	2	2	2	Session starting time (LT)

Number of responses



Basic	8	9	10	11	12	13	14	15	16	17	18	19	2	4	3	4	2	3	2	3	3	2	3	3	Challenging	8	9	10	11	12	13	14	15	16	17	18	19	1	1	1	Session starting time (LT)

Number of responses



Pre-test
Gender	0.7559289460184544	0.88640526042791834	0.70710678118654757	0.35355339059327379	0.53452248382484879	0.7559289460184544	0.88640526042791834	0.70710678118654757	0.35355339059327379	0.53452248382484879	acceptable SA	appropriate methods	CWP is easy to use	mandatory suggestions system	mandatory suggestions OTW	4	3.75	3.25	4.125	4	4	3.75	3.25	4.125	4	
Post-test
0.20203050891044261	0.28571428571428575	0.21821789023599236	0.18442777839082858	0.14285714285714318	0.20203050891044261	0.28571428571428575	0.21821789023599236	0.18442777839082858	0.14285714285714318	acceptable SA	appropriate methods	CWP is easy to use	mandatory suggestions	?	4.5714285714285712	3.2857142857142856	4	4.2857142857142856	3.1428571428571428	
Representativeness scenario
Average	0.26726124191242434	0.1889822365046136	0.35038244411336755	0.18442777839082858	0.29738085706659068	0.20203050891044261	0.26726124191242434	0.1889822365046136	0.35038244411336755	0.18442777839082858	0.29738085706659068	0.20203050891044261	1	2	3	4	5	6	4	4	4.125	4.2857142857142856	4.4285714285714288	4.5714285714285712	Scenario


Situation Awareness (China Lakes)	
Average	0.56694670951384085	0.26305214040457559	0.35038244411336755	0.3779644730092272	0.48092880658867054	0.20203050891044214	0.56694670951384085	0.26305214040457559	0.35038244411336755	0.3779644730092272	0.48092880658867054	0.20203050891044214	1	2	3	4	5	6	8.5	9.375	8.125	9	8.4285714285714288	9.4285714285714288	Scenario


Situational Awareness
0.28825543373068158	0.35694962809204384	0.26135818956537921	0.35793778462044812	0.24686476517922654	0.33617206401486421	0.27875435910193974	0.10861280217833091	2.0833333333333332E-2	2.0833333333333332E-2	0.28825543373068158	0.35694962809204384	0.26135818956537921	0.35793778462044812	0.24686476517922654	0.33617206401486421	0.27875435910193974	0.10861280217833091	2.0833333333333332E-2	2.0833333333333332E-2	Ahead of traffic	Focus single	Forgetting	Organise	Surprised	Search info	Prioritize tasks	Aware a/c comm	Aware aerodrome	Aware a/c aero	6.4642857142857144	2.3720238095238098	1.7202380952380951	6.3511904761904772	1.5684523809523807	1.7232142857142858	6.6577380952380949	6.8273809523809526	6.979166666666667	6.979166666666667	SA: ahead of traffic	
Average	0.41992771486803027	0.3779644730092272	0.41992771486803027	0.18442777839082936	0.18442777839082936	0.14285714285714285	0.41992771486803027	0.3779644730092272	0.41992771486803027	0.18442777839082936	0.18442777839082936	0.14285714285714285	1	2	3	4	5	6	6.375	6.5	5.625	6.7142857142857144	6.7142857142857144	6.8571428571428568	Scenario


SA: forgetting	
Average	0.2973808570665904	0.26305214040457559	0.29504842217604116	0.20203050891044219	0.30860669992418382	0.20203050891044211	0.2973808570665904	0.26305214040457559	0.29504842217604116	0.20203050891044219	0.30860669992418382	0.20203050891044211	1	2	3	4	5	6	1.5714285714285714	1.625	2.125	1.5714285714285714	2	1.4285714285714286	Scenario


Situational Awareness
yes	
not aware of A/C	not aware of aerodrome	not aware of combination	confused by procedures	mixed geographical ch.	confused airports	confused by radio	0.14285714285714285	0	0.14285714285714285	0.14285714285714285	0	0	0.42857142857142855	no	not aware of A/C	not aware of aerodrome	not aware of combination	confused by procedures	mixed geographical ch.	confused airports	confused by radio	0.8571428571428571	1	0.8571428571428571	0.8571428571428571	1	0.8571428571428571	0.5714285714285714	uncertain	
not aware of A/C	not aware of aerodrome	not aware of combination	confused by procedures	mixed geographical ch.	confused airports	confused by radio	0.14285714285714285	SA
0.50843229771577658	0.18442777839082936	0.50843229771577658	0.18442777839082936	impact lack of sound	clear phraseology	2.8571428571428572	4.7142857142857144	Workload acceptable
Average	0.26305214040457559	0.26305214040457559	0.39809815731442771	0.29738085706659068	0.42857142857142883	0.57142857142857151	0.26305214040457559	0.26305214040457559	0.39809815731442771	0.29738085706659068	0.42857142857142883	0.57142857142857151	1	2	3	4	5	6	4.625	4.625	3.125	4.4285714285714288	4.4285714285714288	4.4285714285714288	Scenario


Workload (Bedford)	
Av_J	0.71903185097816669	0.6477984695434662	0.41992771486803027	0.14285714285714285	0.57735026918962573	0.40406101782088355	0.71903185097816669	0.6477984695434662	0.41992771486803027	0.14285714285714285	0.57735026918962573	0.40406101782088355	1	2	3	4	5	6	7.5714285714285712	8.25	7.375	8.1428571428571423	7	8.1428571428571423	Scenario


Workload
0.45922146480918818	0.20203050891044261	0.16666666666666691	0.43643578047198472	0.29738085706659068	0.45922146480918818	0.20203050891044261	0.16666666666666691	0.43643578047198472	0.29738085706659068	appropriate	comfortable	efficient methods	impact workload	phraseology	2.8571428571428572	4.5714285714285712	3.1666666666666665	3	4.4285714285714288	Acceptability
0.3779644730092272	0.3779644730092272	7	Usability
0.14285714285714285	0.26082026547865073	0.52812078601949597	0.2857142857142852	0.2857142857142852	0.20203050891044261	0.20203050891044261	0.2857142857142852	0.14285714285714285	0.26082026547865073	0.52812078601949597	0.2857142857142852	0.2857142857142852	0.20203050891044261	0.20203050891044261	0.2857142857142852	easy	well integrated	inconsistency	quick to learn	confident	monitor traffic	accurate	display focus	4.1428571428571432	3.8571428571428572	2.5714285714285716	4.2857142857142856	4.2857142857142856	4.4285714285714288	4.4285714285714288	4.2857142857142856	Colour coding
0.53452248382484868	0.52812078601949597	0.3659625273556999	0.61721339984836765	0.42857142857142838	0.35951592548908334	0.53452248382484868	0.52812078601949597	0.3659625273556999	0.61721339984836765	0.42857142857142838	0.35951592548908334	3	3.4285714285714284	3.25	3	3.5714285714285716	3.7142857142857144	Scenario


Trust
0.37028115500650799	0.31663229623726097	0.36654463512886376	0.30061931284050791	0.32126237744877745	0.34181855849832793	0.37028115500650799	0.31663229623726097	0.36654463512886376	0.30061931284050791	0.32126237744877745	0.34181855849832793	Useful	Reliable	Accurately	Understandable	Robustly	Confident	6.0595238095238102	6.1964285714285721	6.1755952380952372	6.4464285714285721	6.1190476190476195	6.3541666666666652	Familiarity: comfortable	
0.35038244411336755	0.35038244411336755	0.35038244411336755	0.2857142857142852	0.29738085706659068	0.20203050891044261	0.35038244411336755	0.35038244411336755	0.35038244411336755	0.2857142857142852	0.29738085706659068	0.20203050891044261	3.875	4.125	3.875	4.2857142857142856	4.4285714285714288	4.5714285714285712	Scenario


Familiarity: trained	
0.3238992347717331	0.32732683535398854	0.39809815731442771	0.2857142857142852	0.20203050891044261	0.20203050891044261	0.3238992347717331	0.32732683535398854	0.39809815731442771	0.2857142857142852	0.20203050891044261	0.20203050891044261	3.625	4	3.875	4.2857142857142856	4.5714285714285712	4.5714285714285712	Scenario
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Figure 36 Technical set up in the MRTM
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