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This technical validation report describes the results coming out of the TRL4 validation activity undertaken for Solution PJ.05-05 – “Advanced Automated MET System”, though the following exercise:
EXE-05.05-TRL4-5.1-LPS – A real time simulation and measurement campaign conducted by LPS, developing EN AERODROME-ATC-92 - Real-time airport weather observation service with AI algorithms.
This exercise assessed the Key Performance Area targets of Human performance and Safety.
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1 [bookmark: _Toc459882340][bookmark: _Toc462241456][bookmark: _Ref536435923][bookmark: _Toc276313][bookmark: _Toc225321499][bookmark: _Toc225325998][bookmark: _Toc225328161]Executive summary
This SESAR Solution PJ.05-05: Technical Validation Report describes the results coming out of the TRL4 validation activity undertaken for Solution PJ.05-05 – “Advanced Automated MET System”. As part of “Remote Tower”, Technological Solution PJ.05-05 consists of the following Preliminary Operational Improvement (POI):
POI-0001-MET – Improved Weather Awareness through Enhanced Automated MET observation
The activities undertaken during the validation exercise aimed to bring this Preliminary Operational Improvement to a TRL4 maturity level.
The technical validation report covers the following exercise:
EXE-05.05-TRL4-5.1-LPS – A real time simulation and measurement campaign conducted by LPS, developing EN AERODROME-ATC-92 - Real-time airport weather observation service with AI algorithms.
The validation scenarios addressed regional airports. This real time simulation and measurement campaign, through its validation objectives, addressed the stakeholders’ needs and assessed the Key Performance Area targets of Human performance and Safety.
2 [bookmark: _Toc459882341][bookmark: _Toc462241457][bookmark: _Ref536435930][bookmark: _Toc276314]Introduction
2.1 [bookmark: _Toc459882342][bookmark: _Toc462241458][bookmark: _Toc276315]Purpose of the document
This document provides the Technical Validation Report for PJ.05 solution 5 at TRL4 phase. It describes the results of the conducted validation exercise defined in PJ.05-05 TRL4 Technical Validation plan [40]. As the Solution PJ.05-05 consists of only one exercise, its results are also applicable on the Solution level.
Annexes to this document are dedicated to specific areas of security and human performance prepared with regard to level of current maturity of this solution.
2.2 [bookmark: _Toc459882343][bookmark: _Toc462241459][bookmark: _Toc276316]Intended readership
This Technical Validation Report for solution PJ.05-05 is written to provide useful information to the following audience:
PJ.05 (Remote Tower) to ensure consistency within the project
PJ.18 4DTM (4D Trajectory Management) for MET data acquisition
PJ.19 CI (Content Integration) responsible for managing the content integration process to ensure the needed coherency between the different SESAR 2020 projects
PJ.20 AMPLE (Master Plan Maintenance) responsible for ATM Master Plan maintenance
PJ.22 SEABIRD (SE-DMF support).
2.3 [bookmark: _Toc458437714][bookmark: _Toc459882345][bookmark: _Toc462241461][bookmark: _Toc276317]Background
Small/Other airports are typical candidates for application of Remote Tower, as it is difficult or economically inefficient to implement and staff a conventional manned facility. In SESAR programme, remote provision of air traffic control was examined, but no special attention has been given to provision of MET data remotely yet. At Small/Other airports, a 24/7 MET service is usually missing and is fully or partially replaced by automated MET reporting, simplified in several regards. Remote provision of MET service can serve to local air traffic stakeholders at the airport of provision, but all aeronautical users in-flight, during take-off and landing or in planning phase can benefit from more comprehensive weather reports originated at these Small/Other airports.
Several members of the project team had previously solved partial problems concerning the remote met service provision (activities outside SESAR):
Experimentation with cloud observation by static camera with fisheye lens in visible light
Proof-of-concept of visibility recognition in industrial areas and in road traffic
Moreover, one of the project linked third party is a producer of standard automated AWOS system that will be fully reused as technological base, upon which the new Remote Observer MET system is being built. The standard AWOS system is utilized by more than 300 airports in many countries Chyba! Nenašiel sa žiaden zdroj odkazov..
Remote provision and monitoring of full MET information (in comparison to human MET observations) is subject of validation exercise which will bring this technological solution to TRL4 maturity level.
2.4 [bookmark: _Toc459882344][bookmark: _Toc462241460][bookmark: _Toc276318]Structure of the document
This PJ.05-05 Technical Validation Report consists of six main chapters:
Chapter 1 proposes an executive summary for communication purposes
Chapter 2 provides general information
Chapter 3 allocates the context of the technical validation
Chapter 4 describes the technical validation results
Chapter 5 gives the overview of conclusions and recommendations
Chapter 6 contains the list of applicable documents and references
Appendix A is dedicated to Safety Assessment Report
Appendix B provides Security Assessment Report
Appendix C deals with Human Performance Assessment
Appendix D informs about SESAR Technological Solution Maturity Assessment
Appendix E is dedicated to High level Economic Appraisal
Appendix F contains Open Day Report
2.5 [bookmark: _Toc459882346][bookmark: _Toc462241462][bookmark: _Toc276319]Glossary of terms
	Term
	Definition
	Source of the definition

	Advanced Automated MET System
	Advanced weather observing system, which is capable to observe automatically all weather elements contained in METAR/SPECI including that one, where state-of-the-art AWOS systems fail (e.g. visibility, present weather, clouds) and subsequently produces AUTO-METAR/AUTO-SPECI without solidi.
	New



	AUTO-METAR
AUTO-SPECI
	The optional code word AUTO shall be inserted before the wind group when a report contains fully automated observations without human intervention. The ICAO requirement is that all of the specified elements shall be reported. However, if any element cannot be observed, the group in which it would have been encoded shall be replaced by the appropriate number of solidi. The number of solidi depends on the number of symbolic letters for the specific group which is not able to be reported; i.e. four for the visibility group, two for the present weather group and three or six for the cloud group, as appropriate.
	WMO 306, Vol I. [42]

	AWOS
	Automated Weather Observing System (AWOS) is a fully configurable airport weather system that provides continuous, real time information and reports on airport weather conditions.
	ICAO Doc 9837 [41]


	Cloud amount
	The fraction of the sky covered by the clouds of a certain genus, species, variety, layer, or combination of clouds.
	ICAO Doc 9837 [41]

	METAR
SPECI
	Current aerodrome routine meteorological report (METAR) and aerodrome special meteorological reports (SPECI), which shall contain following elements:
a) identification of the type of report;
b) location indicator;
c) time of the observation;
d) identification of an automated or missing report, when applicable;
e) surface wind direction and speed;
f) visibility;
g) runway visual range, when applicable;
h) present weather;
i) cloud amount, cloud type (only for cumulonimbus and towering cumulus clouds) and height of cloud base or, where measured, vertical visibility;
j) air temperature and dew-point temperature; and
k) QNH and, when applicable, QFE (QFE included only in local routine and special reports).
	ICAO Annex 3 [39]

	Present weather
	Weather existing at a station at the time of observation.
	ICAO Doc 9837 [41]

	Prevailing visibility
	The greatest visibility value, observed in accordance with the definition of “visibility”, which is reached within at least half the horizon circle or within at least half of the surface of the aerodrome. These areas could comprise contiguous or non-contiguous sectors.
	ICAO Annex 3 [39]
ICAO Doc 9837 [41]

	Remote MET Observer
	MET Observer who observers weather from remote location
	New

	Visibility 
	Visibility for aeronautical purposes is the greater of:
a) the greatest distance at which a black object of suitable dimensions, situated near the ground, can be seen and recognized when observed against a bright background;
b) the greatest distance at which lights in the vicinity of 1 000 candelas can be seen and identified against an unlit background.
	ICAO Annex 3 [39]
ICAO Doc 9837 [41]

	Visibility point
	An object on the horizon circle from the observation position with known distance from the point of observation
	New


[bookmark: _Toc462921063][bookmark: _Toc463510341][bookmark: _Toc276354]Table 1: Glossary of terms
2.6 [bookmark: _Toc459882347][bookmark: _Toc462241463][bookmark: _Toc276320]Acronyms and Terminology
	Term
	Definition

	AI
	Artificial Intelligence

	ANSP
	Air Navigation Service Provider

	AO
	Airport Operator

	APT
	Airport

	ATM
	Air Traffic Management

	AWOS
	Automated Weather Observing System

	CSI
	Critical success index

	CSV
	Comma-separated values

	E-ATMS
	European Air Traffic Management System

	EATMA
	European ATM Architecture

	FAR
	False alarm rate

	HMI
	Human Machine Interface

	IATA
	International Air Transport Association

	ICAO
	International Civil Aviation Agency

	IR
	Infrared

	LPS SR
	Letové Prevádzkové Služby Slovenskej Republiky

	LZTT
	Poprad – Tatry Airport

	MAE
	Mean absolute error

	METAR
	Meteorological Terminal Air Report

	POC
	Point of contact

	POD
	Probability of detection

	QFE
	Atmospheric pressure at Field Elevation

	QNH
	Atmospheric pressure at Nill Height

	RMSE
	Root mean square error

	RTS
	Real time simulation

	SESAR
	Single European Sky ATM Research Programme

	SHMU
	Slovenský hydrometeorologický ústav

	SJU
	SESAR Joint Undertaking 

	SPECI
	Aviation selected special weather report

	SUT
	System Under Test

	SWIM
	System-Wide Information Management

	TRL
	Technical readiness level

	TS 
	Technical Specification

	TVALP
	Technical Validation Plan

	VALP
	Validation Plan

	VALS
	Validation Strategy

	VIS
	Visible

	WMO
	World Meteorological Organization


[bookmark: _Toc276355]Table 2: Acronyms and terminology
3 [bookmark: _Ref316482366][bookmark: _Toc459882348][bookmark: _Toc462241464][bookmark: _Ref536435934][bookmark: _Toc276321]Context of the Technical Validation
3.1 [bookmark: _Toc453073176][bookmark: _Toc459882349][bookmark: _Toc462241465][bookmark: _Ref488403676][bookmark: _Toc276322]SESAR Technological Solution PJ.05-05: a summary
[bookmark: _Ref316648063][bookmark: _Toc323217029][bookmark: _Toc323915013][bookmark: _Toc459638583][bookmark: _Toc462241429]Adverse weather brings unwelcome disruption to flight schedules and is the cause of approximately 13 % [45] of Europe’s primary delays. Yet the impact can be mitigated by the timely sharing of high quality, precise, trustworthy and best available meteorological information so that effective planning and actual decision making can be put in place. More precise MET information can assist flight planning, resource planning and route planning, and can help to avoid unnecessary delay.
Solution PJ.05-05 develops and validates a system which significantly enhances current scope of automated weather observation (AUTOMETAR) in conditions where it is difficult or too expensive to implement and staff a conventional manned facility. AUTOMETAR from such locations currently contains some weather elements reported in simplified form only and some are omitted completely. 
The simplified and/or omitted (please see examples of simplification and omission below) weather elements are prevailing visibility, aeronautically significant weather phenomena and clouds, despite their significance:
Low clouds can create low ceilings, deteriorate visibility and can change rapidly, thereby influencing flight planning. VFR traffic is significant at small airports and low clouds can make VFR flight impossible. Clouds with extensive vertical development cause range of adverse effects ranging from turbulence, wind gusts to wind shear, lightning and variety of significant weather phenomena
Prevailing visibility enables or disables VFR and special VFR flights
Significant weather phenomena encompass liquid, solid and freezing precipitation, thunderstorms, tornadoes and other.
Examples of simplifications and omissions in current AWOS (Automated Weather Observing System at aerodrome) systems, and where we identified the possibilities for improvement:
CLOUD AMOUNT is calculated from observation of single point in the sky (by laser ceilometer)[footnoteRef:1]. Calculations use simplified assumption of homogenous cloud coverage all over the sky, which is not always valid. In our proposed solution the whole sky is captured by VIS+IR camera, interpreted a) fully automatically, b) by remotely located observer. [1:  Sometimes 2 - 4 points are used, when 2 - 4 ceilometers are available, which is not the case of small airports. Still, few points are directly measured, not the whole sky.] 

CLOUD TYPE – TOWERING CUMULUS (TCU) is omitted. In proposed solution it is reported when recognized by remotely located observer.
CLOUD TYPE – CUMULONIMBUS CLOUD (CB) is omitted at some airports, or reported from a single lightning sensor at others. In proposed solution it is reported when recognized by remotely located observer.
PREVAILING VISIBILITY is simplified. Reported visibility sensor value is measured in one point.[footnoteRef:2] In proposed solution the PREVAILING VISIBILITY is reported from examination of horizontal visibility taken by camera 360 degrees around the airport, using analysis of camera images by a) software, b) remotely located observer. [2:  Sometimes several points are used to estimate prevailing visibility and directional variations when several sensors are available, which is not the case of small airports. Still, few point measurements are taken into account, not whole airport surrounding.] 

PREVAILING VISIBILITY – DIRECTIONAL VARIATIONS are omitted. In proposed solution the DIRECTIONAL VARIATIONS are reported from examination of horizontal visibility taken by camera 360 degrees around the airport, using analysis of camera images by a) software, b) remotely located observer.
FOG TYPES. Recognition of horizontally inhomogeneous fog types (partial fog PRFG, fog patches BCFG) was improved using camera imagery. 
Special phenomena like SHOWERS IN VICINTY of the airport (VCSH) are omitted from AUTOMETARS, because current automatic systems cannot report these phenomena. In our research, images captured by VIS+IR camera were analysed by remotely located observer, in order to identify these phenomena.
Thereby SESAR Solution PJ.05-05 addresses following key needs by collecting and analysing of images from dual visible/infrared camera:
enhance possibilities of automatic measurement of visibility/prevailing visibility (automatic recognition of pictures by AI methods/HMI for manual processing of pictures)
enhance possibilities of automatic measurement of clouds - evaluation of cloud cover (automatic recognition of pictures by AI methods/HMI for manual processing of pictures) and height (and significant cloud type in manual processing = human in the loop concept)
enhance possibilities of enhanced automatic / remote human-in-the-loop detection of aeronautically significant MET phenomena
	SESAR Technological Solution ID
	SESAR Technological Solution Description
	Master or Contributing
(M or C)
	Contribution to the SESAR Technological Solution short description
	Enablers ref. (from EATMA)

	PJ.05-05 
	Advanced Automated MET System
	M
	Solution PJ.05-05 aims to provide improved automated and semi-automated aeronautically significant MET observational data.
	AERODROME-ATC-92 - Real-time airport weather observation service with AI algorithms


[bookmark: _Toc276356]Table 3: SESAR Technological Solution(s) under Validation
3.2 [bookmark: _Toc459882350][bookmark: _Toc462241466][bookmark: _Toc276323]Summary of the Technical Validation Plan
3.2.1 [bookmark: _Toc462741246][bookmark: _Toc459882351][bookmark: _Toc462241467]Validation Plan Purpose
Advanced Automated MET System solution was detached from Solution Pj.05-02 “Remotely Provided Air Traffic Service for Multiple Aerodromes” as separate technological solution. The Solution primarily addresses airports, where operation without local human observer is considered. It can support airports where Remote Tower is in operation, or can work on other airports independently.
Concerning validation approach, the TRL4 trials focused on provision of advanced MET capabilities to significantly enhance current possibilities of automated weather observation.
In order to reach maturity TRL4 of this solution, one validation exercise was performed by LPS-SR (B4) with its industry partner LTP MicroStep-MIS:
EXE-05.05-TRL4-5.1-LPS - A simulation and measurement campaign developing EN AERODROME-ATC-92 - Real-time airport weather observation service with AI algorithms.
3.2.2 Summary of Technical Validation Objectives and success criteria
The following Technical Validation Objectives have been allocated to this SESAR solution in the PJ.05-05 for TRL4 maturity. 
	Id 
	OBJ-05.05-TRL4-TVALP-SOL.0010

	Title 
	Provision of enhanced automated MET information

	Description 
	To assess whether it is possible to automatically provide full MET information in Fully-Automated mode with the new capabilities (incorporation of VIS and IR Camera and AI algorithms)

	Success criteria 1 
	Validation results provide evidence that the operability and technical feasibility are achieved. The results are better correlated to local manual observations than standard state-of-the-art AWOS.



	Id 
	OBJ-05.05-TRL4-TVALP-SOL.0020

	Title 
	Provision of enhanced MET information by incorporation of Remote MET Observer

	Description 
	To assess whether it is possible to provide full MET information in Semi-Automated mode with the new capabilities (incorporation of VIS and IR Camera and remote human observer)

	Success criteria 1 
	Validation results provide evidence that the operability and technical feasibility are achieved. The results are better correlated to local manual observations than standard state-of-the-art AWOS.

	Success criteria 2
	Usefulness of HMI for remote observations is assessed positively by the Remote MET Observer. HMI is permitting the Remote MET Observers to input their own assessment of remotely observed weather situation.



	Id 
	OBJ-05.05-TRL4-TVALP-SOL.0030

	Title 
	TRL4 Operational feasibility

	Description 
	To identify and find solutions to technical feasibility issues and possible show-stoppers.

	Success criteria 1 
	Solutions to the issues identified are developed and validated



	Id 
	OBJ-05.05-TRL4-TVALP-SOL.0040

	Title 
	TRL4 Technical feasibility

	Description 
	To assess the level of development of the technical enablers

	Success criteria 1 
	To confirm there do exist at least one feasible technical enabler consistent with the solution concept.

	Success criteria 2
	To confirm there do exist at least one architecture feasible and stable that could support the solution concept.



	Id 
	OBJ-05.05-TRL4-TVALP-SOL.0050

	Title 
	Technical support systems

	Description 
	To assess the quality of service provided.

	Success criteria 1 
	To confirm that the quality of the service provided does not decrease


3.2.3 [bookmark: _Toc453073183][bookmark: _Toc459882352][bookmark: _Toc462241468][bookmark: _Ref488221889][bookmark: _Ref488403732][bookmark: _Ref488405171]Technical Validation Assumptions
[bookmark: _Toc323915110][bookmark: _Toc462230455][bookmark: _Toc323915106][bookmark: _Toc459638584][bookmark: _Toc462241430]No assumptions were identified for this exercise.
3.2.4 [bookmark: _Toc459882353][bookmark: _Toc462241469]Technical Validation Exercises List 
	Identifier
	EXE-05.05-TRL4-5.1-LPS

	Title
	LPS TRL4 trials

	Description
	To validate that the SESAR Technological Solution PJ.05-05 can improve weather awareness by automatic/semi-automatic means, even at remote location

	Expected achievements
	Technical system is supporting positively the tasks of human actors

	TRL
	<TRL4>

	T. Validation Technique
	<RTS> <Expert Workshop>

	Start Date
	01/08/2018

	End Date
	31/10/2018

	T. Validation Coordinator
	LPS SR 

	T. Validation Platform
	Poprad-Tatry Airport (IR/VIS camera and other supporting MET sensors were installed there)
a Software prototype ;
a local server gathering and storing primary data

	T. Validation Location
	Poprad Tatry Airport

	Status
	<validated>

	Dependencies
	Input dependency with PJ.18-04b (18-04b.CC.4.2 Enhanced Airport (surface-based&remote sensing) MET Observations AN for Airport MET Camera tool)
Output dependency with PJ.18-04b (18-04b.IS.1 MET Information Services to support High Performing Airport Operations TS_IRS defining information SWIM services for all relevant data)


[bookmark: _Toc276324]Technical Validation Exercise
Description and scope
Advanced Automated MET System was validated at Poprad-Tatry, which is considered an “Other” [44] category airport (small regional airport with very low traffic), but still has fully manned 24/7 professional aviation observation, which provided opportunity for comparing validated system to true results. The system has been installed there to enable validation of the system in both fully automatic and semi-automatic mode.
The key objectives were: 
To validate that the SESAR Technological Solution PJ.05-05 new capabilities are able to automatically provide full MET information in Fully-Automated mode (OBJ-05.05-TRL4-TVALP-EXE.0010);
To validate that the SESAR Technological Solution PJ.05-05 new capabilities are able to provide full MET information in Semi-Automated mode (OBJ-05.05-TRL4-TVALP-EXE.0020).
Dual VIS and IR camera observation for monitoring of clouds and visibility points and additional MET sensors for monitoring of significant MET phenomena were part of the Poprad-Tatry Airport platform and were used for validation. The captured data has been processed by AI algorithms to achieve the expected improvement.
Validation scenarios
The reference scenario covers standard aeronautical weather observations performed automatically by state-of-the-art AWOS reported as AUTOMETAR message.
Validation scenario SCN1: Fully automatic observations of weather, including clouds, visibility and significant phenomena by new system containing camera imagery processed by AI algorithms, from which AUTOMETAR message is generated and its comparison against reference scenario generated AUTOMETAR message.
Validation scenario SCN2: Semi-automatic mode of Advanced Automatic MET System, which enables remote human observer interaction with automatic observation of clouds, visibility and significant MET phenomena via dedicated HMI. The output is enhanced AUTOMETAR message, which will be compared to reference scenario generated AUTOMETAR message.
In both solution scenarios, human observations of weather performed locally at the airport by professional aeronautical MET Observer, reported as METAR message, served as source of the true weather information at the airport.
3.3 [bookmark: _Toc459880154][bookmark: _Toc459882354][bookmark: _Toc462241470][bookmark: _Toc276325]Deviations
3.3.1 [bookmark: _Toc462741258]Deviations with respect to the SJU Project Handbook
[bookmark: _Toc462151188]There are no deviations from SJU Project Handbook.
3.3.2 Deviations with respect to the Technical Validation Plan
Expert workshop has not been organized as a plenary session at the end of validation. However, during and after the validation process, system (especially dedicated HMI) has been intensively discussed with professional Aviation MET Observers from SHMI (Slovak Hydro-meteorological Institute) thus this deviation does not decrease quality of results. Moreover, the outputs of validation has been evaluated on multiple case studies and by statistical evaluation of outputs compared to reference scenario as well. 
4 [bookmark: _Toc459882355][bookmark: _Toc462241471][bookmark: _Ref488403630][bookmark: _Ref536435939][bookmark: _Toc276326]SESAR Technological Solution PJ.05-05 Validation Results
4.1 [bookmark: _Toc459882356][bookmark: _Toc462241472][bookmark: _Toc276327]SESAR Technological Solution PJ.05-05 Validation Results
	[bookmark: _Toc459638585][bookmark: _Toc462241431]SESAR Technological Solution
Technical Validation Objective ID
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	OBJ-05.05-TRL4-TVALP-EXE.0010
	Provision of enhanced automated MET information
	CRT-05.05-TRL4-TVALP-EXE-0011
	Validation results provide evidence that the operability and technical feasibility are achieved. The results are better correlated to local manual observations than standard state-of-the-art AWOS.
	AI algorithms are able to recognize cloud cover and different cloud layers. Prevailing visibility is also calculated by recognition of visibility points, but during the night it was not possible due to technical limits of camera. Moreover in some cases visibility was not assessed correctly due to pollutants on camera, which were not removed as expected. Nevertheless for concerned period correlation coefficient for prevailing visibility computed by the System was higher than correlation coefficient for forward scatter from AWOS system for the same period
	Partially OK

	OBJ-05.05-TRL4-TVALP-EXE.0020
	Provision of enhanced MET information by incorporation of Remote MET Observer
	CRT-05.05-TRL4-TVALP-EXE-0021
	Validation results provide evidence that the operability and technical feasibility are achieved. The results are better correlated to local manual observations than standard state-of-the-art AWOS.
	Correlation coefficient for Lowest Cloud Base using ceilometer from AWOS was only 0.15 while Remote MET Observer reached for the same period correlation coefficient 0.79. For cloud coverage AWOS had 30% match, Remote MET Observer 80% and for visibility correlation coefficient of AWOS using forward scatter was 0.59 compared to 0.73 gained by using the validated system. Moreover several case studies confirmed that using camera images and video improves identification of MET phenomena at the airport.
	OK

	
	
	CRT-05.05-TRL4-TVALP-EXE-0022
	Usefulness of HMI for remote observations is assessed positively by the Remote MET Observer. HMI is permitting the Remote MET Observers to input their own assessment of remotely observed weather situation.
	11 professional MET Observers has been trained and validated system using its HMI. Their good will to continue in testing even beyond project schedule reflects their interest and positive feedback to the system.
	OK

	OBJ-05.05-TRL4-TVALP-EXE.0030
	To identify and find solutions to technical feasibility issues and possible show-stoppers
	CRT-05.05-TRL4-TVALP-EXE-0031
	Solutions to the issues identified are developed and validated
	Potential show-stoppers and technical feasibility issues revealed during development of the system has been solved in order to build and validate complete and operational system.
	OK

	OBJ-05.05-TRL4-TVALP-EXE.0040
	To assess the level of development of the technical enablers
	CRT-05.05-TRL4-TVALP-EXE-0041
	To confirm there do exist at least one feasible technical enabler consistent with the solution concept.
	Technical enabler and architecture has been successfully used for developed and validated system
	OK

	
	
	CRT-05.05-TRL4-TVALP-EXE-0042
	To confirm there do exist at least one architecture feasible and stable that could support the solution concept.
	
	OK

	OBJ-05.05-TRL4-TVALP-EXE.0050
	To assess the quality of service provided
	CRT-05.05-TRL4-TVALP-EXE-0051
	To confirm that the quality of the service provided does not decrease
	Statistical evaluation of AUTOMETAR created by the Advanced Automated MET System compared to METAR issued by local MET professional observer indicated better quality of the service than AUTOMETAR produced by standard AWOS
	OK


[bookmark: _Toc276357]Table 4: Summary of Technical Validation Exercises Results
Results on technical feasibility
Technical feasibility of the Solution can be split into three main domains:
Dual VIS and IR camera imagery provided by cooperation with Pj.18-04b
Advanced Automated MET System processing camera imagery (automatically by AI algorithms or semi-automatically by human observer using dedicated HMI) and creating output message (AUTOMETAR)
SWIM services for both input and output data which is under responsibility of Pj.18-04b (not part of validation within PJ.05-05)
During validation exercise in PJ.05-05 the first (camera) and the second (system) domain has been verified as technically feasible. 
In order to prove technical feasibility of the camera prototype, the following success criteria has been successfully tested:
The system takes image of visibility points (whole horizon) with an update rate of 30 and 60 minutes (or more frequently – it was set to 10 minutes during validation and even more frequent scans are possible).
The system takes image of whole sky with an update rate of 30 and 60 minutes (or more frequently – it was set to 10 minutes during validation and even more frequent scans are possible).
The system captures short videos (minimum 5-10 sec – it was set to 11s during validation and longer are possible) of phenomena with an update rate of 30 and 60 minutes (or more frequently – it was set to 10 minutes during validation and even more frequent scans are possible).
Images and videos from camera are captured at one location representative for the airport and its vicinity.
Camera has the capability to rotate in predefined repeatable cycles.
Camera has the capability to tilt in predefined repeatable cycles.
Camera has the capability to rotate/tilt/zoom in non-regular scans.
Camera has the capability to extract both video and imagery in both predefined repeatable cycles and non-regular scans.
Prototype is able to create single sky picture from multiple partial images of sky from different tilts and rotations of camera.
Prototype is able to blur/remove sensible content from images.[footnoteRef:3] [3:  Sensitive content on images from camera was unrecognizable even manually by human (it was always too far away from camera) so in general there was no sensitive content to be detected and blurred/removed from images by prototype.] 

In order to prove technical feasibility of the Advanced Automated MET System, the following success criteria has been successfully tested:
The system is capable to capture VIS images with resolution at least 1920x1080.
The system is capable to capture IR images with resolution at least 640x480.
Images from camera contain representative surrounding of the airport and its vicinity and the sky above the airport.
Images are stored in the on-line system for 24 hours and history of all captured imagery is kept on backup system.
The system has internal database of daylight visibility points with their distance from observation point (camera location).
The system has internal database of night-time visibility points with their distance from observation point (camera location).
Visibility points are marked as visible or not visible automatically.
Visibility points are depicted in the pictures of horizon (one for each cardinal and ordinal direction) and Remote MET observer can mark if the visibility point is visible or not.
Prevailing visibility and minimum visibility (if applicable, in compliance with ICAO Annex 3 [39]) is calculated correctly based on automatically recognized visibility points.
Prevailing visibility and minimum visibility (if applicable, in compliance with ICAO Annex 3 [39]) is calculated correctly based on visibility points marked by Remote MET observer as visible or not visible.
Clouds are marked automatically.
Remote MET observer can mark the extent of the clouds.
Cloud coverage is calculated based on automatically recognized portion of sky covered by clouds.
Cloud coverage is calculated based on marked extent of the clouds by Remote MET observer.
System recognized using sensors combination minimum of present weather phenomena according to ICAO Annex 3 [39]: rain, drizzle, snow and freezing precipitation (including intensity thereof), haze, mist, fog and freezing fog.
System recognized using sensors combination present weather phenomena and displayed it to Remote MET Observer
Remote MET Observer can preview video to confirm recognized phenomenon.
Phenomena report is created automatically based on sensors combination and output from evaluation algorithms.
Remote MET Observer can enter recognized phenomena via dedicated HMI.
By adding elements measured by standard methods to the ones obtained by camera/artificial intelligence method system created automatically final MET report.
Remote MET Observer can compose final MET report via dedicated HMI by adding elements measured by standard methods to the ones obtained by his/her remote observation.
ATC HMI displayed final MET report.
AO HMI displayed final MET report.
4.1.1 Results per KPA
The impact of adverse weather on safety of Airport Operations, Airspace User Operations and ATS Operations can be mitigated by the timely sharing of high quality, precise, trustworthy and best available meteorological information. Many airports utilize automated weather observation instead of full meteorological observation often because of high cost to employ MET observers 24/7. However, automated observations, especially of visibility, significant weather phenomena or clouds can fail (e.g. standard sensors do not capture inhomogeneous visibility conditions or unevenly distributed cloud cover situation correctly). We provide real samples of such situations in Chapters 4.2.1 and 4.2.2 where Remote Human Observer/AI was superior to state-of-the-art automated observations.
Provision of extended MET information remotely, for airport where no human MET observer is present (at all or partially, e.g. in night time) impacts all users of MET data (e.g. Airspace Users (Pilots), airports and TMA Controllers) in positive way (in terms of safety, capacity), because simplified MET information does not contain all aeronautically significant data. Therefore lack of MET information would not limit usability of such airport. 
This improved weather information, once properly integrated within air traffic management decision-making process, facilitates the advantage of staying up to date with the latest weather situation for airspace users, airports and air navigation service providers.
Solution Pj05-05 (Advanced Automated MET System) provides two variants, how to cope with the current disadvantages in order to contribute to safety. Both rely on cameras and multiple sensor analysis. At the core of the first variant is processing by artificial intelligence algorithms, the second one includes concept of remotely located human MET Observer.
Usefulness of HMI for remote observations was assessed positively by the Remote MET Observer (11 professional aviation MET Observer used the system for weather observing at Poprad airport from Bratislava). HMI permitted them to input their own assessment of remotely observed weather situation. For observation of clouds, prevailing visibility and phenomena machine (Advanced Automated MET System) was available instead of manual (visual) observation on-site. The HMI of the system enabled Remote MET Observers:
to mark, if the visibility point is visible or not (for prevailing visibility calculation),
to assess the amount and various layers of clouds (overlaid over the composed image of sky),
to preview video from camera and enter recognized phenomena.
In conclusion from Human Performance perspective the most important result is, that proposed solution enables MET Observer to be located at remote site (e.g. some central MET office) and carry out is tasks with acceptable level of workload, adequate accuracy and timelines of information, not decreasing the quality of provided service.
4.2 [bookmark: _Toc459882357][bookmark: _Toc462241473][bookmark: _Toc276328]Detailed analysis of SESAR Technological Solution Validation Results per Validation objective
4.2.1 [bookmark: _Toc459882358][bookmark: _Toc462241474]OBJ-05.05-TRL4-TVALP- SOL.0010 Results
Objective: To assess whether it is possible to automatically provide full MET information in Fully-Automated mode with the new capabilities (incorporation of VIS and IR Camera and AI algorithms).
Success Criterion: Validation results provide evidence that the operability and technical feasibility are achieved. The results are better correlated to local manual observations than standard state-of-the-art AWOS.
The reference scenario covers standard aeronautical weather observations performed automatically by state-of-the-art AWOS reported as AUTOMETAR message.
The validation scenario (SCN1) – Fully automatic mode of Advanced Automatic MET System enables automatic observation of clouds, visibility and significant MET phenomena via interpretation of camera images by AI algorithms. The output is enhanced AUTOMETAR message, which was compared to reference.
Human observations of weather performed locally at the airport by professional aeronautical MET Observer, reported as METAR message, served as source of the true weather information at the airport.
Clouds Observation
The aim of AI algorithms was to compute cloud coverage from images taken by conventional (VIS) camera and thermal (IR) camera. Moreover when applicable and possible algorithm should recognize different layer of clouds and determine their height.
Firstly all sky images (both VIS and IR) had to be stitched into whole sky image projected to half sphere and consequently to plane. Next step was image processing of whole sky images. The aim of the processing was decision which pixels are “cloud“ and which are “clear sky”. However, methods used were different for visible RGB and infrared images:
VIS images were transformed from three channels RGB to grayscale images. Result images are called Sky index and Greyness rate index. Then some properties of original image and its indices were computed and thresholds were applied to obtained properties. Based on indices properties, model determines if cloud coverage is estimated from thresholds or directly form properties (clear sky, overcast). There were two estimations from thresholding of RGB image’s indices (Sky and Greyness index). All these estimations were used to make final decision about cloud coverage.
Infrared image carries information about temperature of sky, so it is not necessary to transform image, but some corrections has to be done. In fact, measured temperatures are polluted by temperature of lower layers of atmosphere. In addition, the effect of this pollution is greater when looking from zenith. The effect is changing with weather condition as well. Firstly, the effect of pollution was estimated, and then used to correct temperatures. New temperatures were inputs to clustering method, which segments individual cloud layers. Results of infrared image segmentation were matched with atmospheric temperatures. Final corrections were performed and heights of cloud layers were estimated. Moreover from IR images came also with of cloud coverage.

[image: ]     [image: ]
[bookmark: _Toc536436590]Figure 1: Interpretation of VIS Image by AI algorithm in situation with few clouds
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[bookmark: _Toc536436591]Figure 2: Interpretation of VIS Image by AI algorithm in situation with almost overcast sky
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[bookmark: _Toc536436592]Figure 3: Interpretation of VIS Image by AI algorithm in situation with different types of cloud – cumulus clouds near horizon, thin clouds overhead
[image: ]        [image: ]
[bookmark: _Toc536436593]Figure 4: Interpretation of IR Image by AI algorithm – different cloud layers recognized


Visibility Observation
Nowadays human observation of visibility follows this procedure: At the beginning, a human observer creates a plan of reference objects and assigns distance to them. It could be buildings, hills, trees, roads, broadcasting towers, etc. Then, during regular observations of visibility, he studies the horizon and selects furthest object that can be seen and identified in each direction. Finally he makes decision about visibility. The system uses similar approach. First, someone has to select reference objects from images taken during good visibility. The number of such points should be much greater than for human observer. It’s because for computer it is easy to process large amount of objects, and also it increases accuracy of algorithm. Then algorithm takes an image of horizon and determines which objects are visible. After evaluation of all main eight directions, the final decisions for prevailing are made. Unlike standard state-of-the-art AWOS, the validated system can observe prevailing visibility and its variations according to ICAO rules [39].
The success of determining prevailing visibility by Artificial Intelligence algorithm was validated on the set of images from the period in which Observers at Bratislava airport were coding METARs for validation of Semi-automated mode. From the validation set was removed one observation term, in which photos were degraded by rain droplets on the camera (see picture below), because wiper was not operational that term.
[image: IMSGEN_VISIBILITY_090000_20181126T122000,000Z]
[bookmark: _Toc536436594]Figure 5: Rain droplets and other pollutant may affect automatic recognition of visibility.
[bookmark: _Toc276329]Reference scenario
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[bookmark: _Toc536436595]Figure 6: Comparison of the prevailing Visibility values by AWOS and Local Human Observer.
Truth = Local Human Observer (Professional Aviation observers on duty at Poprad Airport)


[bookmark: _Toc276330]Validation scenario
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[bookmark: _Toc536436596]Figure 7: Comparison of the prevailing Visibility values by AWOS and Artificial Intelligence algorithm.
Truth = Local Human Observer (Professional Aviation observers on duty at Poprad Airport)
The comparison of the prevailing Visibility is in favor to Artificial Intelligence algorithm with correlation coefficient of 0,61, while reference scenario has 0,59.
These statistical results are very preliminary. Success of Artificial Intelligence algorithm training depends on the size of the training set. Due to the length of the validation period, the size of the training set was limited. We will continue with building training set of images so the Artificial Intelligence algorithm can be improved.


Case studies of typical situations in which validation scenario – AI algorithms is superior to reference scenario - the standard AWOS system with forward scatter.
The Standard AWOS uses a forward scatter to measure visibility. The forward scatter measures decrease of light intensity from transmitting head to receiver – from that we extrapolate the visibility. Artificial Intelligence principle is based on panoramic scans of the horizon using rotating camera. Gathered images are processed by artificial intelligence in order to determine visibility in every direction. This method is more similar to visibility observation by human observer than single-point measurement done by forward scatter.
Single point measurement by forward scatter means that in case of less accurate measurement, this error extrapolates to measurement of prevailing visibility. In case of artificial intelligence this error is less likely due to measurements of visibility in all directions.
1. Situations with Clear weather or visibility above 10000 m.
Example 04.11.2018 12:50UTC (clear weather)
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	Reference scenario
AutoMETAR by STANDARD AWOS  13:00UTC
	Validated scenario
METAR by Artificial Intelligence 13:00 UTC
	Truth
METAR by LOCAL HUMAN OBSERVER 13:00 UTC

	Prevailing visibility
	7000 m
	9999
	9999


Example 11.01.2019 07:20UTC (for visibility above 10000 m)
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	Reference scenario
AutoMETAR by STANDARD AWOS  07:30UTC
	Validated scenario
METAR by Artificial Intelligence 07:30 UTC
	Truth
METAR by LOCAL HUMAN OBSERVER 07:30 UTC

	Prevailing visibility
	6000 m
	9999
	9999




1. Situations with Fog or Haze
Example 10.11.2018 09:50UTC
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	Reference scenario
AutoMETAR by STANDARD AWOS  10:00UTC
	Validated scenario
METAR by Artificial Intelligence 10:00 UTC
	Truth
METAR by LOCAL HUMAN OBSERVER 10:00 UTC

	Prevailing visibility
	2100 m
	1600 m
	900 m




Example 10.11.2018 11:20UTC
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	Reference scenario
AutoMETAR by STANDARD AWOS  11:30UTC
	Validated scenario
METAR by Artificial Intelligence 11:30 UTC
	Truth
METAR by LOCAL HUMAN OBSERVER 11:30 UTC

	Prevailing visibility
	8000 m
	5500 m
	6000 m




Example 24.12.2018 07:20UTC
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	Reference scenario
AutoMETAR by STANDARD AWOS  07:30UTC
	Validated scenario
METAR by Artificial Intelligence 07:30 UTC
	Truth
METAR by LOCAL HUMAN OBSERVER 07:30 UTC

	Prevailing visibility
	3000 m
	2700 m
	2500 m




Example 10.01.2019 15:20UTC
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	Reference scenario
AutoMETAR by STANDARD AWOS  15:30UTC
	Validated scenario
METAR by Artificial Intelligence 15:30 UTC
	Truth
METAR by LOCAL HUMAN OBSERVER 15:30 UTC

	Prevailing visibility
	6000 m
	5400 m
	5000 m




1. Situations with Artificial Intelligence worse than reference standard AWOS due to water droplets on the camera
Example 14.09.2018 13:50UTC
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	Reference scenario
AutoMETAR by STANDARD AWOS  14:00UTC
	Validated scenario
METAR by Artificial Intelligence 14:00 UTC
	Truth
METAR by LOCAL HUMAN OBSERVER 14:00 UTC

	Prevailing visibility
	9999
	230 m
	9999


There are number of challenges when using artificial intelligence method. Dust, dirt or rain droplets on the camera lens can negatively impact accuracy of the visibility measurement as illustrated on the example above.
The overall results for this validation objective are Partially OK.
OBJ-05.05-TRL4-TVALP- SOL.0020 Results
Objective: To assess whether it is possible to provide full MET information in Semi-Automated mode with the new capabilities (incorporation of VIS and IR Camera and remote human observer).
Success Criterion 1: Validation results provide evidence that the operability and technical feasibility are achieved. The results are better correlated to local manual observations than standard state-of-the-art AWOS.
Success Criterion 2: Usefulness of HMI for remote observations is assessed positively by the Remote MET Observer. HMI is permitting the Remote MET Observers to input their own assessment of remotely observed weather situation.
The reference scenario covers standard aeronautical weather observations performed automatically by state-of-the-art AWOS reported as AUTOMETAR message.
The validation scenario (SCN2) - Semi-automatic mode of Advanced Automatic MET System enables remote human observer interaction with automatic observation of clouds, visibility and significant MET phenomena via dedicated HMI. The output is enhanced AUTOMETAR message, which was compared to reference.
The human observations of weather performed locally at the airport by professional aeronautical MET Observer, reported as METAR message, served as source of the true weather information at the airport.
We would like to underline that the validation scenario was set up like real operation. Professional observers at larger central airport (LZIB – Bratislava Stefanik Airport in the capital of Slovakia) had installed the Remote Observer software with cameras at smaller regional airport.  They coded METAR messages for central airport locally and they coded also Remote METAR messages for small airport during their standard working hours.
All statistical results are in favour of validation scenario Remote Observer as is summarized in the table below:
	
	Reference scenario
(standard AWOS)
	Validation scenario
(Remote Observer)

	Lowest Cloud Base (correlation coefficient)

	0,15
	0,79

	Maximal Cloud Cover
(Match/All in percentages)

	30%
	80%

	Maximal Cloud Cover
(Match&Error+1/All in percentages)

	82%
	99%

	Prevailing visibility
(correlation coefficient)

	0,59
	0,73


[bookmark: _Toc276358]Table 5: Statistic indicators for standard AWOS and Remote Observer based on true weather information
[bookmark: _Toc276331]Validation scenario statistical results of validation by professional meteorological observers on duty at Bratislava Airport.
Validation scenario was installed at the workplace of professional meteorological observers on duty at Bratislava airport. Observers received training how to use the validation scenario. Then during the one month period they were testing it.  During this period, in addition to their standard work for Bratislava airport they coded also Human remote METAR messages for Poprad Airport using validation scenario SCN 2. After this testing period of one month, the Lowest Cloud Base, Maximal Cloud Cover and Prevailing Visibility values encoded by validation scenario were compared to values encoded by local professional aviation observers on duty at Poprad airport, which was considered as truth observation. In order to evaluate the benefits of the new system in comparison to the current state-of-the-art AWOS (reference scenario), the AWOS values of the Lowest Cloud Cover, Maximal Cloud Cover and the Prevailing Visibility in the same period were compared to the truth observations. Statistical results of this validation are in the figures and tables below. Validation set contained 249 observation terms for each scenario.

Lowest Cloud Base comparison
[bookmark: _Toc276332]Reference scenario
[image: ]
[bookmark: _Toc536436597]Figure 8: Comparison of the Lowest Cloud Base values by AWOS and Local Human Observer 
Truth = Local Human Observer (Professional Aviation observers on duty at Poprad Airport)


[bookmark: _Toc276333]Validation scenario
[image: ]
[bookmark: _Toc536436598]Figure 9: Comparison of the Lowest Cloud Base values by Remote Human Observer and Local Human Observer.
Truth = Local Human Observer (Professional Aviation observers on duty at Poprad Airport)
Figures 8 and 9 show correlation coefficient of validation scenario 0,7588, which is significantly higher than correlation coefficient of reference scenario - 0,1504. 
We analysed the most significant outliers to find out their causes. We discovered a source, which is not fault of the new system but it is a technical shortcoming in the validation procedure itself:
Remote observers from the Bratislava airport did not observe the sky at exactly the same minute as Local observers in Poprad, because there was 10 minutes window for observation. This usually is not a problem, unless the cloud cover is changing rapidly from minute to minute. Such situation is illustrated on following METAR messages.
Observers in Bratislava 09:30UTC encoded Lowest Cloud Base at 1000ft and Maximal Cloud Cover BKN. Local observers encoded Lowest Cloud Base at 4000ft and Maximal Cloud Cover SCT. But Poprad Observers at 10:00 encoded similar values as Bratislava observers at 09:30, and from that time on the cloud observation were similar. 
METAR messages of Local observers at Poprad airport:
[image: ]
METAR messages of Remote observers at Bratislava airport (they coded 8 METAR messages daily always at HH:30):
[image: ]
So we removed METAR message from this situation from validation sets and we received following results:


[image: ]
[bookmark: _Toc536436599]Figure 10: Comparison of the Lowest Cloud Base values encoded to METAR message by AWOS and Local Human Observer 
Truth = Local Human Observer (Professional Aviation observers on duty at Poprad Airport)


[image: ]
[bookmark: _Toc536436600]Figure 11: Comparison of the Lowest Cloud Base values encoded to METAR message by Remote Human Observer and Local Human Observer.
Truth = Local Human Observer (Professional Aviation observers on duty at Poprad Airport)
Figures 10 and 11 show correlation coefficient of validation scenario 0,793, which is even more significantly higher than correlation coefficient of reference scenario - 0,1503. Correlation coefficient of validation scenario increased from 0,7588 to 0,793 by removing of some outliers (based on analysis described hereinbefore) so the difference became even more significant.


Maximal Cloud Cover
Cloud amount description in standard aviation coding:
FEW - 1, 2 oktas (eights) of sky are covered by clouds
SCT - 3, 4 oktas (eights) of sky are covered by clouds
BKN - 5, 6, 7 oktas (eights) of sky are covered by clouds
OVC - 8 oktas (eights) of sky are covered by clouds
[bookmark: _Toc276334]Reference scenario
[image: ]
[bookmark: _Toc276359]Table 6: Comparison of the Max. Cloud Cover values by AWOS and Local Human Observer
Truth = Local Human Observer (Professional Aviation observers on duty at Poprad Airport)
[bookmark: _Toc276335]Validation scenario
[image: ]
[bookmark: _Toc276360]Table 7: Comparison of the Max. Cloud Cover values by Remote Human Observer and Local Human Observer
Truth = Local Human Observer (Professional Aviation observers on duty at Poprad Airport)
Maximal Cloud Cover Match/All in percentages is calculated as a percentage of observation where tested observation was exactly the same as truth (FEW=FEW, SCT=SCT,… the values on diagonal in the table above).
The comparison of the max. Cloud Cover is in favour to validation scenario Remote Observer with Maximal Cloud Cover Match/All in percentages 80%, while reference scenario has 30%.


Prevailing visibility
[bookmark: _Toc276336]Reference scenario
[image: ]
[bookmark: _Toc536436601]Figure 12: Comparison of the prevailing Visibility values by AWOS and Local Human Observer.
Truth = Local Human Observer (Professional Aviation observers on duty at Poprad Airport)


[bookmark: _Toc276337]Validation scenario
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[bookmark: _Toc536436602]Figure 13: Comparison of the prevailing Visibility values by Remote Human Observer and Local Human Observer.
The comparison of the prevailing Visibility is in favour to validation scenario Remote Observer with correlation coefficient of 0,73, while reference scenario has 0,59.


Case studies of typical situations in which validation scenario -Remote Observer is superior to reference scenario - the standard AWOS system with ceilometer and forward scatter.
[bookmark: _Toc276338]Cloud Cover and Cloud Base
1. Situations with several cloud layers.
Example 11.9.2018 09:20 UTC
	Edition 00.01.00
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	Reference scenario
AutoMETAR by STANDARD AWOS  09:30UTC
	Validated scenario
METAR by REMOTE HUMAN OBSERVER 09:30 UTC
	Truth
METAR by LOCAL HUMAN OBSERVER 09:30 UTC

	Max. Cloud Cover
	OVC
	SCT
	SCT

	Lowest Cloud Base
	12 000 ft
	7000 ft
	6000 ft



The images above show two layers of clouds. The lower layer in 6000 ft has Cloud Cover SCT (3, 4 oktas) and second layer in 12000 ft has Cloud Cover OVC (8 oktas).  Standard AWOS detected only second layer of clouds because the lower layer of clouds (visible on photos) weren’t above ceilometer, therefore were invisible to standard AWOS (reference scenario).


2. Situations with Cumulonimbus or Towering Cumulus up to 16 km from the airport
Example 14.09.2018 09:50UTC

[image: ]
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	Reference scenario
AutoMETAR by STANDARD AWOS  10:00UTC
	Validated scenario
METAR by REMOTE HUMAN OBSERVER 10:00 UTC
	Truth
METAR by LOCAL HUMAN OBSERVER 10:00 UTC

	Max. Cloud Cover
	No significant clouds
	FEW
	FEW

	Lowest Cloud Base
	-
	4000ft
	4000ft

	TCU(towering cumulus) or CB(cumulonimbus up to 16km from airport
	-
	TCU
	TCU


The images above clearly show significant aviation cloud named towering cumulus (TCU), which Remote Observer identified as well as Local Human Observer. Standard AWOS does not have an ability to recognize these types of clouds significant to the airport operation and reported according to ICAO Annex 3 [39].

3. Situations with significant Cloud Cover with a ‘hole’ above ceilometer
Example 21.9.2018 09:20UTC

[image: ]
[image: ]

[image: ]

	
	Reference scenario
AutoMETAR by STANDARD AWOS  09:30UTC
	Validated scenario
METAR by REMOTE HUMAN OBSERVER 09:30 UTC
	Truth
METAR by LOCAL HUMAN OBSERVER 09:30 UTC

	Max. Cloud Cover
	FEW
	BKN
	BKN

	Lowest Cloud Base
	6300ft
	6300ft
	6300ft



The all sky image above depicts cloud cover BKN (5, 6, 7 oktas), which was recognized by both Remote Observer and Local Human Observer. However standard AWOS failed to determine accurate Cloud Cover because of the ‘hole’ in the cloud above the standard cloud measuring device - ceilometer.

4. Situations with significant Cloud Cover ‘only above’ ceilometer.
Example 27.8.2018 07:20UTC

[image: ]
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	Reference scenario
AutoMETAR by STANDARD AWOS  07:30UTC
	Validated scenario
METAR by REMOTE HUMAN OBSERVER 07:30 UTC
	Truth
METAR by LOCAL HUMAN OBSERVER 07:30 UTC

	Max. Cloud Cover
	BKN
	SCT
	SCT

	Lowest Cloud Base
	1600ft
	1600ft
	2100ft


The all sky image above clearly shows cloud cover SCT (3, 4 oktas) which was recognized by both Remote Observer and Local Human Observer. However standard AWOS failed to determine accurate cloud coverage because the clouds occurred ‘only above’ ceilometer and it did not ‘see’ the clear sky portion.

[bookmark: _Toc276339]Visibility
The Standard AWOS uses a forward scatter to measure visibility. The forward scatter measures decrease of light intensity in its path from transmitting head to receiver – from that we extrapolate the visibility. In homogenous situations the sensors and observers will measure the same. Homogenous situation means there is nice weather everywhere or there is a dense fog of the same density everywhere. In situations with different visibility in different directions, there will be differences between sensor and observer which is illustrated on the examples below.
3. Situations with Fog in Patches 
· Example 28.09.2018 04:50UTC (fog in patches)
[image: ]   [image: ]
	
	Reference scenario
AutoMETAR by STANDARD AWOS  05:00UTC
	Validated scenario
METAR by REMOTE HUMAN OBSERVER 05:00 UTC
	Truth
METAR by LOCAL HUMAN OBSERVER 05:00 UTC

	Visibility
	9999
	9999m, but only 1500m to North
	9999m, but only 1500m to North

	Phenomenon causing reduced visibility
	non
	BCFG (Fog in patches)
	BCFG (Fog in patches)


4. Situations with Fog in Patches 
· Example 10.10.2018 04:50UTC (fog in patches)
[image: ]      [image: ]
	
	Reference scenario
AutoMETAR by STANDARD AWOS  05:00UTC
	Validated scenario
METAR by REMOTE HUMAN OBSERVER 05:00 UTC
	Truth
METAR by LOCAL HUMAN OBSERVER 05:00 UTC

	Visibility
	4200
	9999m, but only 1000m to East
	9999m, but only 1000m to East

	Phenomenon causing reduced visibility
	non
	BCFG (Fog in patches)
	BCFG (Fog in patches)




5. Situations with Fog with spatially changing density
Example 28.10.2018 06:50UTC (fog with spatially changing density)
[image: ]    [image: ]
	
	Reference scenario
AutoMETAR by STANDARD AWOS  05:00UTC
	Validated scenario
METAR by REMOTE HUMAN OBSERVER 05:00 UTC
	Truth
METAR by LOCAL HUMAN OBSERVER 05:00 UTC

	Visibility
	3000
	700 m
	700 m

	Phenomenon causing reduced visibility
	BR (Mist)
	FG (Fog)
	FG (Fog)




[bookmark: _Toc276340]Significant meteorological phenomena in vicinity of airport 
1. Situations with Showers in vicinity of airport
Example 17.8. 2018 11:50
[image: ]
	
	Reference scenario
AutoMETAR by STANDARD AWOS  12:00UTC
	Validated scenario
METAR by REMOTE HUMAN OBSERVER 12:00 UTC
	Truth
METAR by LOCAL HUMAN OBSERVER 12:00 UTC

	Meteorological phenomena in vicinity
	non
	VCSH (Showers in vicinity)
	VCSH (Showers in vicinity)




2. Situations with Showers in vicinity of airport
Example 24.09. 2018 08:50
[image: ]
	
	Reference scenario
AutoMETAR by STANDARD AWOS  09:00UTC
	Validated scenario
METAR by REMOTE HUMAN OBSERVER 09:00 UTC
	Truth
METAR by LOCAL HUMAN OBSERVER 09:00 UTC

	Meteorological phenomena in vicinity
	non
	VCSH (Showers in vicinity)
	VCSH (Showers in vicinity)




3. Situations with Fog in vicinity of airport
Example 17.08.2018 05:50
[image: ]
	
	Reference scenario
AutoMETAR by STANDARD AWOS  07:00UTC
	Validated scenario
METAR by REMOTE HUMAN OBSERVER 07:00 UTC
	Truth
METAR by LOCAL HUMAN OBSERVER 07:00 UTC

	meteorological phenomena in vicinity
	non
	VCFG (Fog in vicinity)
	VCFG (Fog in vicinity)


The overall results for this validation objective are OK.
OBJ-05.05-TRL4-TVALP- SOL.0030 Results
Objective: To identify and find solutions to technical feasibility issues and possible show-stoppers.
Success Criterion: Solutions to the issues identified are developed and validated.
This validation objective has been met implicitly as potential show-stoppers and technical feasibility issues revealed during development of the system has been solved in order to build and validate complete and operational system. Limitations of the system described thereinafter in section 4.3 has not been identified as show-stoppers or technical feasibility issues.
The results are OK.
OBJ-05.05-TRL4-TVALP- SOL.0040 Results
Objective: To assess the level of development of the technical enablers.
Success Criterion 1: To confirm there do exist at least one feasible technical enabler consistent with the solution concept.
Success Criterion 2: To confirm there do exist at least one architecture feasible and stable that could support the solution concept.
This validation objective has been met implicitly as technical enabler and architecture has been successfully used for developed and validated system.
The results are OK. 
OBJ-05.05-TRL4-TVALP- SOL.0050 Results
Objective: To assess the quality of service provided.
Success Criterion: To confirm that the quality of the service provided does not decrease.
Statistical evaluation of AUTOMETAR created by the Advanced Automated MET System (both in fully automated mode – see results of OBJ-05.05-TRL4-TVALP- SOL.0010 and semi-automated mode  - see results of OBJ-05.05-TRL4-TVALP- SOL.0020) compared to METAR issued by local MET professional observer indicated better quality of the service than AUTOMETAR produced by standard AWOS – from currently operated local AWOS data only. 
For more details see results of OBJ-05.05-TRL4-TVALP- SOL.0010 and OBJ-05.05-TRL4-TVALP- SOL.0020.
[bookmark: Results_0021]The results are OK. 
4.3 [bookmark: _Toc459882360][bookmark: _Toc462241476][bookmark: _Toc276341][bookmark: _Toc458437737]Confidence in the Validation Results
4.3.1 [bookmark: _Toc459882361][bookmark: _Toc462241477]Limitations of Technical Validation Results
Although the validation was successful in general, some limitations also occurred. 
AI algorithms would need bigger data set (But this means that there is much potential to improve results in the future. We didn’t stop the experiment and data collection continues). Statistical evaluation of clouds amount and height is missing.
Night-time observations were not addressed. It is to be addressed in project continuation, because both cameras can work also in night-time conditions.
Wiper on camera sometimes did not sometimes work as expected, which affected quality of images and consequently quality of results, especially for automatic recognition of visibility because algorithm was not able to recognize the reason why camera does not see some points. By default if some point were not recognized it was assumed that it is due to lower visibility, while in cases of wiper malfunction there could be just some rain droplets on the image (human Remote MET Observer was able to distinguish easily between these two situations but also for him the ability to assess visibility correctly was limited).
Remote observers from the Bratislava airport did not observe the sky at exactly the same minute as Local observers in Poprad (regarded as true observation for statistical evaluation), because there was standard 10 minutes window for observation. This usually is not a problem, unless the weather conditions are changing rapidly from minute to minute. Such situation occurred and is described in the results section.
Some degree of subjectivity is present for each human observation (both directly at the airport or remotely using the system). But this also means, that the camera systems can contribute to objectivity increase. Also, local human observer, remote human observer and AI are dependent on visibility points in local surrounding of the airport. 
4.3.1.1 [bookmark: _Toc459882362][bookmark: _Toc462241478]Quality of Technical Validation Exercises Results
To sum up, there are positive impacts on quality of results:
The System is in operation since August 2018. 3 months long validation period to October 2018 enabled to collect various weather situations. Moreover system is still in operation to collect and evaluate more and more situations for further development.
11 professional MET Observers from SHMI (Slovak Hydro-meteorological Institute) were included in the validation process to assess HMI for Remote Observer and to create AUTOMETAR messages for Poprad airport from Bratislava (all of them were meteorological observers on duty at Bratislava airport)
2 different types of camera has been tested to provide required VIS and IR images
On the contrary, the main negative impacts on quality of results corresponding to its limitations described in previous section are:
While for Semi-automated mode 3 months is enough, for Fully automated mode it is limiting factor as for AI algorithms the training set needs to be larger. It means that there is big potential to get even better results (as promising results were obtained even from this limited data set).
Objects decreasing technical quality of camera imagery (such as dirt or rain droplets) can negatively impact the measurement
4.3.1.2 [bookmark: _Toc459882363][bookmark: _Toc462241479]Significance of Technical Validation Exercises Results
Taking into account extent of validation (3 months long validation period, 11 independent trained professional MET Observers, real like experimental setup with cameras at one airport and remote observers at another central airport, various weather situations), this means the validation results for the overall solution PJ.05-05 can be considered significant.

5 [bookmark: _Toc459882364][bookmark: _Toc462241480][bookmark: _Ref536435947][bookmark: _Toc276342]Conclusions and recommendations
5.1 [bookmark: _Toc459882365][bookmark: _Toc462241481][bookmark: _Toc276343]Conclusions
Advanced Automated MET System met the main objective to enhance current possibilities of automatic observations using integrated VIS/IR camera in three most problematic parameters:
· Visibility – by marking of visibility points as visible or not (manually by Remote Observer or automatically by AI algorithm). Especially using Remote Observer (semi-automated mode) system had significantly better performance than AWOS using forward scatter.
· Clouds – by stitching picture into whole sky image from which cloud cover can be identified (both manually by Remote Observer and automatically by AI algorithm). IR images contribute to better identification of clouds and during night they are superior to visible ones. Statistic evaluation of cloud cover for semi-automated mode had significantly better performance than AWOS using ceilometer. Moreover images from camera (especially IR images) enabled to identify various layers of clouds and to estimate their height. Statistic evaluation of cloud height for semi-automated mode had also significantly better performance than AWOS using ceilometer.
· Significant MET phenomena – short video regularly recorded provided valuable additional information to sensor measurements about current weather situation at the airport 
The new validated technology has big potential to improve its result, which were still good at this TRL4 level. We really can conclude that the technology can help all airports in the world, either automated, or remotely observed, or with human observation to aid human observers or forecasting centres.
Discussion with professional aviation MET Observers during validation concluded that utilization of IR camera may improve clouds observations (both daylight and nocturnal) even at airports with professional MET Observers on-site.
5.1.1 [bookmark: _Toc459882366][bookmark: _Toc462241482]Conclusions on SESAR Technological Solution maturity
Validation exercise has verified the feasibility and some expected benefits of the Advanced Automated MET System concept. Therefore in conclusion a TRL4 maturity level is reached for PJ.05 solution 05.
5.1.2 Conclusions on technical feasibility
Technical feasibility of the Solution was split into three main domains:
Dual VIS and IR camera imagery provided by cooperation with Pj.18-04b
Advanced Automated MET System processing camera imagery (automatically by AI algorithms or semi-automatically by human observer using dedicated HMI) and creating output message (AUTOMETAR)
SWIM services for both input and output data which is under responsibility of Pj.18-04b (not part of validation within PJ.05-05)
Regarding the first domain camera has been found capable itself to rotate and tilt to capture images of whole sky in VIS and IR spectrum. While IR images from this camera could not be used for stitching to single whole sky image, another IR camera has been installed to provide missing information about brightness temperature of clouds to identify various cloud layers.
Advanced Automated MET System has shown great potential, because utilization of Remote Observer (semi-automated mode of the system) had significantly superior statistic results in comparison to common AWOS system used at the airports. Although in fully automated mode there are more limitations to deal with and results are not so significantly better compared to AWOS, there is also potential to get better in the future and increase the level of improvement. Especially when taking into account that current AWOS systems are mature technology and are no more developing rapidly, and from principle cannot observe correctly in inhomogeneous weather conditions.
5.1.3 [bookmark: _Toc459882367][bookmark: _Toc462241483]Conclusions on performance assessments
Validated Solution Pj05-05 (Advanced Automated MET System) has potential to bring benefit in:
Safety – by providing more comprehensive automatic weather observations mitigating drawbacks of current state of the art AWOS systems in observations of visibility, clouds and phenomena
Cost efficiency – at some airports operation without local human observer is considered due to reducing of costs. It can support airports where Remote Tower is in operation, or can work on other airports independently.
5.2 [bookmark: _Toc459882368][bookmark: _Toc462241484][bookmark: _Toc276344]Recommendations
5.2.1 [bookmark: _Toc459882369][bookmark: _Toc462241485]Recommendations for next phase
Based on the results obtained during validation exercise for Advanced Automated MET System the following recommendations for next development of the system appeared:
Improve methodology for statistical evaluation of results to eliminate human factor (subjective assessment, sometime not for exactly the same time). More observers would create METAR message on-site in exact time point and also more remote observers would create AUTOMETAR message using the system and camera images from exactly the same time.
Address the wiper problems
Increase frequency of observations an extent to 24 hours
Statistical evaluation of all concerned MET parameters at larger dataset
5.2.2 [bookmark: _Toc459882370][bookmark: _Toc462241486]Recommendations for updating ATM Master Plan Level 2
The Solution should be properly integrated also in next phases of PJ.05 project. 
5.2.3 [bookmark: _Toc459882371][bookmark: _Toc462241487]Recommendations on regulation and standardisation initiatives
The results of this Solution can be used in regulation and standardisation initiatives of ICAO and WMO related to automatic weather observation.
6 [bookmark: _Toc459122097][bookmark: _Toc462741284][bookmark: _Toc463425730][bookmark: _Ref536435951][bookmark: _Toc276345][bookmark: _Ref316387302][bookmark: _Ref319590615]References
6.1 [bookmark: _Toc459122098][bookmark: _Toc462741285][bookmark: _Toc463425731][bookmark: _Toc276346]Applicable Documents
[bookmark: _Toc459817052][bookmark: _Toc462643340][bookmark: _Toc463538883]Content Integration
1. B.04.01 D138 EATMA Guidance Material 
EATMA Community pages
[1] SESAR ATM Lexicon
Content Development
B4.2 D106 Transition Concept of Operations SESAR 2020 
System and Service Development
[bookmark: _Ref464378971]08.01.01 D52:  SWIM Foundation v2 
[bookmark: _Ref464378986]08.01.01 D49:  SWIM Compliance Criteria
[bookmark: _Ref464378998]08.01.03 D47: AIRM v4.1.0 
[bookmark: _Ref464379014]08.03.10 D45: ISRM Foundation v00.08.00 
[bookmark: _Ref464379036]B.04.03 D102 SESAR Working Method on Services
[bookmark: _Ref464378687]B.04.03 D128 ADD SESAR1 
B.04.05 Common Service Foundation Method
Performance Management
[bookmark: _Ref488341269][bookmark: OLE_LINK9]B.04.01 D108 SESAR 2020 Transition Performance Framework
B.04.01 D42 SESAR2020 Transition Validation 
B.05 D86 Guidance on KPIs and Data Collection support to SESAR 2020 transition. 
16.06.06-D68 Part 1 –SESAR Cost Benefit Analysis – Integrated Model
16.06.06-D51-SESAR_1 Business Case Consolidated_Deliverable-00.01.00 and CBA
Method to assess cost of European ATM improvements and technologies, EUROCONTROL (2014)
ATM Cost Breakdown Structure_ed02_2014
Standard Inputs for EUROCONTROL Cost Benefit Analyses
16.06.06_D26-08 ATM CBA Quality Checklist
16.06.06_D26_04_Guidelines_for_Producing_Benefit_and_Impact_Mechanisms
Validation
03.00 D16 WP3 Engineering methodology 
Transition VALS SESAR 2020 - Consolidated deliverable with contribution from Operational Federating Projects
[2] European Operational Concept Validation Methodology (E-OCVM) - 3.0 [February 2010]
System Engineering
SESAR Requirements and V&V guidelines
Safety
SESAR, Safety Reference Material, Edition 4.0, April 2016
SESAR, Guidance to Apply the Safety Reference Material, Edition 3.0, April 2016
SESAR, Final Guidance Material to Execute Proof of Concept, Ed00.04.00, August 2015
SESAR, Resilience Engineering Guidance, May 2016
Human Performance
16.06.05 D 27 HP Reference Material D27
16.04.02 D04 e-HP Repository - Release note
Environment Assessment
SESAR, Environment Reference Material, alias, “Environmental impact assessment as part of the global SESAR validation”, Project 16.06.03, Deliverable D26, 2014.
ICAO CAEP – “Guidance on Environmental Assessment of Proposed Air Traffic Management Operational Changes” document, Doc 10031.
Security 
16.06.02 D103 SESAR Security Ref Material Level 
16.06.02 D137 Minimum Set of Security Controls (MSSCs).
16.06.02 D131 Security Database Application (CTRL_S)
6.2 [bookmark: _Toc276347]Reference Documents
ED-78A GUIDELINES FOR APPROVAL OF THE PROVISION AND USE OF AIR TRAFFIC SERVICES SUPPORTED BY DATA COMMUNICATIONS.[footnoteRef:4]  [4: ] 

[bookmark: _Ref465949712][bookmark: _Ref474756832][bookmark: OLE_LINK8]Common assumptions for CBAs as maintained by Pj19 (provisionally the ones included in the 16.06.06- D68_Part 1, New CBA Model and Methods 2015, Edition 00.01.01 can be used)
[bookmark: _Ref516560779]Meteorological Service for International Air Navigation – ICAO Annex 3 – 16th Edition –2007
[bookmark: _Ref536435908]SESAR Solution PJ.05-05 TVALP for TRL4
[bookmark: _Ref517163927]Manual on Automatic Meteorological Observing Systems at Aerodromes – ICAO Doc 9837 – 2nd Edition – 2011
[bookmark: _Ref516560112]Manual on Codes Volume I.1 – WMO - No. 306 – 2011 edition (updated in 2016)
[bookmark: _Ref536455639]SESAR Solution PJ.05-05 TS-IRS for TRL4 Interim
[bookmark: _Ref536527709]Airports Dataset compiled by SESAR 2020 PJ20 WP2.2 WG
http://www.eurocontrol.int/news/weather-resilience-forum-2015

Appendix A [bookmark: _Ref275260][bookmark: _Toc276348]Safety Assessment Report (SAR)
In accordance with SESAR2020 guidance, no activities concerning safety requirements have been carried on in TRL4. During TRL6 activities, PJ.05-05 solution will evaluate in collaboration with SJU and PJ.19-04 if and how to contribute to safety assessment activities (currently mandatory for all the solutions in TRL6).
Appendix B [bookmark: _Ref275288][bookmark: _Toc276349]Security Assessment Report (SecAR)
[bookmark: _GoBack]Due to the complexity of complying with national and EU security regulations, the SecARs shall not be part of the deliverables shared with the SJU / submitted via STELLAR or H2020. These documents are available with authoring organisation of this document.
Appendix C [bookmark: _Ref275307][bookmark: _Toc276350]Human Performance Assessment Report (HPAR)
Attached documents contain HP Assessment Plan as well as HP Log. 
[image: ]                         [image: ]
Appendix D [bookmark: _Ref275317][bookmark: _Toc276351]SESAR Technological Solution(s) Maturity Assessment

POI-0001-MET has proved to be TRL4 mature.
Appendix E [bookmark: _Ref275326][bookmark: _Toc276352]High level Economic Appraisal
Will be covered with separate CBA document.
Appendix F [bookmark: _Ref275334][bookmark: _Toc276353]Open Day Report

On 8th of November in Bratislava LPS SR and its LTP MicroStep-MIS successfully hosted the Open Day of Advanced Automated MET System (SESAR 2020 PJ05.05 Solution). This event was conducted in order to introduce the validation platform and all the work performed under PJ.05-05 for wider audience. Partners from Indra, Leonardo, EANS (ANSP of Estonia) and M-NAV (Macedonian ANSP) took part on this event and were presented with interesting results.
The system brings unique solution to mitigate current drawbacks of AWOS systems for automated weather observation and reporting, while in produced AUTOMETAR from such system some weather elements are reported in simplified form only and some are omitted completely.
After introductory presentation about SESAR background of the solution and validation exercise setup the system was demonstrated to participants and first results were presented. Results were based on three months of data collection and parallel reporting of METAR (by official MET observer), AUTOMETAR from AWOS data only and AUTOMETAR from Advanced Automated MET System. Validation exercise proved that the system successfully provides enhanced observation and reporting of clouds, visibility as well as weather phenomena using integrated dual visible/infrared camera imagery compared to AWOS data only.
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