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1 Project Overview 16 

The project developed solutions aimed at improving the operations of safety nets (SNETs) that are 17 
used in terminal control area (TMA) and en-route airspaces, whether they are ground-based (G-18 
SNETs) or airborne (A-SNETs), and ensuring that they are adapted to the new operational 19 
environments developed within SESAR. The project addressed all G-SNETs: Short Term Conflict 20 
Alert (STCA), Minimum Safe Altitude Warning (MSAW), Area Proximity Warning (APW) and Approach 21 
Path Monitor (APM). The project only addressed one A-SNET: Airborne Collision Avoidance System 22 
(ACAS). 23 

1.1 Project progress and contribution to the Master Plan 24 

In order to progress in the development of its solutions, the project applied the E-OCVM methodology 25 
and cooperated with the technical mirror projects, in charge of the development of technical 26 
specifications and of providing prototypes. However, there are differences in the way G-SNET 27 
solutions and A-SNET solutions were validated, which are described below: 28 

Development of G-SNET related solutions 29 

One of the solutions (#60) only used already available ground data and consisted in generalizing an 30 
already existing improvement. In this case, the validation consisted in fast-time simulations of real 31 
radar data of the target environment on an Industry-Based Platform (IBP) including a prototype 32 
provided by the technical mirror project (10.04.03) and subsequent classification of resulting alerts by 33 
expert judgment. Then the results were compared to the existing system. 34 

For the other solutions which involved providing air data (EnHanced Surveillance (EHS) Downlinked 35 
Aircraft Parameters (DAPs), then ADS-B DAPs) to the G-SNET, the first step consisted in identifying 36 
what would be the possible uses of the available (current and future, mandated or not) data in each 37 
G-SNET.38 

The second step consisted in assessing each option. The quality of the data was one factor and for 39 
EHS data, it was possible to quantify it on real radar recordings. Another factor was the possible 40 
benefits brought by the option. Except for STCA where fast-time simulations on a large set of 41 
encounters allowed quantifying the possible benefits of some options1, the benefits of other options2 42 
for STCA and other G-SNETs3 were qualitatively estimated by data mining and expert judgement. 43 
Finally, the costs of implementation were also estimated by expert judgement, based on past 44 
implementations in the field of G-SNETs. 45 

Once the most promising options were identified, the next step consisted in developing them. It was 46 
possible to do it for EHS data: a prototype of STCA using two DAPs and provided by the technical 47 
mirror project (10.04.03) was used in the target environment, first in fast-time simulations based on 48 
real radar data, then in human-in-the-loop real time simulations. It was not possible to evaluate the 49 
use of ADS-B data due to insufficient maturity of additional ADS-B / ADS-C trajectory data potentially 50 
of use for STCA and unavailability or limited usability of available results (from other primary projects) 51 
on the future “trajectory-based” environments identified as relevant for G-SNET evolution (i.e. Free 52 
Routing, Airspace Management & AFUA, Conflict Detection Resolution & Monitoring,  Enhanced 53 
Decision Support Tools & PBN, Dynamic sectorisation and Constraint management). 54 

Development of ACAS-related solutions 55 

Where the solution covered airside improvements, the validation work was mainly done in fast-time 56 
simulations on a large set of close encounters. This set was either generated from encounter models 57 
that statistically represent the European operational reality or from radar data where specific 58 
situations could be selected. The realism was judged as sufficiently high by the technical mirror 59 
project (09.47) to allow reaching maturity V3. 60 

1 Use of EHS MCP/FCU Selected Altitude, EHS Roll Angle and EHS Track Angle Rate 
2 Use of EHS Aircraft Identity, EHS Barometric Pressure Setting, EHS FMS Selected Altitude, ADS-B 
/ ADS-C trajectory data, ADS-B trajectory type, SWIM airspace data 
3 All the uses mentioned in the two previous notes 
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Where the solution covered groundside improvements, the involvement of controllers was necessary, 61 
so fast-time simulations were only used to evaluate the timing of interaction between the ground-62 
based safety-net (STCA) and ACAS. Afterwards, human-in-the-loop experiments were conducted 63 
using a mock-up developed by the project, and then using a prototype developed by the technical 64 
mirror project (10.04.03) and integrated in an IBP. However, as RA encounters are very rare in reality 65 
and their reproduction in real-time simulation is normally thwarted by controller intervention 66 
(supported by control tools and STCA), the simulation had to feature an unrealistic number of RAs 67 
and controllers could not act on the aircraft. 68 

In both cases, the negative safety case was developed using expert judgement and with the help of 69 
workshops to characterize the safety hazards. 70 

71 

Using the methods and tools described above, the project was able to contribute to Operational 72 
Improvement steps from the ATM Master Plan (as of Data Set 15) as follows: 73 

Code Name Project contribution Maturity at 
project start 

Maturity at 
project end 

CM-0811 Enhanced STCA for 
TMA specific operations 

The project developed requirements for 
better trajectory prediction, taking into 
account possible crew intents linked to traffic 
patterns and contributed to the operational 
validation, using Lyon TMA data, of a 
prototype STCA that included this feature. 

V2 V3 

CM-0807-A Enhanced Short Term 
Conflict Alert using 
Mode S EHS data 

The project assessed the feasibility, 
qualitative safety benefits and costs of using 
Mode S EHS data in STCA; After identifying 
the most promising options, requirements 
were produced and the project contributed to 
the integrated validation of the most 
promising option, STCA using Selected 
Flight Level and Track Angle Rate, both in 
recorded data and live simulations of Milano 
ACC. 

V2 V3 

CM-0807-B Enhanced Ground-
based Safety Nets 
Using ADS-B 
information 

The project assessed the feasibility, 
qualitative safety benefits and costs of using 
ADS-B data in STCA, MSAW, APW, APM in 
the context of future operations estimated to 
have the most impact on these G-SNETs. 
The most promising options were identified 
(use in APW coming first). However no 
requirements were produced: the project 
decided to stop the concept development 
after V2 exercises which highlighted the lack 
of maturity of the concept due to lack of 
availability of Step 2 traffic patterns and of 
ADS-B data; 

V0 Ongoing V2 

CM-0803 Use of Autoflight 
systems for enhanced 
compliance with TCAS II 
RAs (compliant with 
TCAS II Version 7) 

The project assessed the benefits of several 
options for better compliance to RAs and 
slower altitude capture before the CFL to 
avoid RAs. Requirements were produced 
which capture the best options for both 
features. The project then contributed to the 
standardisation of both features in a 
EUROCAE MASPS (ED-224). 

V2 V3 

CM-0802 Display and use of The project developed operational V1 Ongoing V3 
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ACAS resolution 
advisory downlink on the 
controller working 
position 

requirements for the technical system in 
charge of collecting and distributing RA 
information to ground systems. Two 
validations took place with increasing 
realism (mock-up then integrated validation 
with display prototype) and proved 
subjective benefits but could not select one 
of the two operational procedures proposed 
(mainly because of uncertainties on legal 
interpretations). As a consequence, only the 
technical enablers (CTE-S03g and ER-APP-
ATC 68) are mature. 

CM-0808 Enhanced Airborne 
Collision Avoidance 
adapted to Trajectory 
based operations 

The project developed operational 
requirements for an enhancement of current 
TCAS through optimized RA thresholds and 
assessed the benefits. This improvement 
was not progressed further as there was no 
support from the standardization groups to 
improve current TCAS. The project then 
switched to supporting the development of 
the solution chosen by FAA and the 
standardisation groups, a new ACAS 
developed from scratch. The project 
developed European requirements and 
European acceptability criteria for this 
system. Regular evaluation of the 
development version (until the previous to 
last version) allowed to feed FAA with 
identified areas of improvement for Europe. 

V1 V2 

Note that the project also assessed the feasibility, qualitative safety benefits and costs of using Mode 74 
S EHS data in other G-SNETs than STCA (MSAW, APM and APW), identifying the most promising 75 
options and producing requirements but those options were not validated further than V2. 76 

 77 

As part of the Priority Business Need related to Conflict Management and Automation, the project 78 
delivered three SESAR solutions: 79 

Sol ID Sol Name OI step(s) Coverage Supporting Enabler(s) 

#60 Enhanced Short Term Conflict 
Alert (STCA) for Terminal 
Manoeuvring Areas (TMAs) 

CM-0811 Full APP ATC 136 

#69 Enhanced STCA with down-
linked parameters 

CM-0807-A Full ER APP ATC 14 

GSURV-0101 

REG-0503 

N/A Enhanced ACAS operations 
using autoflight systems 

CM-0803 Full A/C-21 

PRO-A/C-21 

The project also contributed to the development projects 10.04.03 / 10.04.03 of the following SESAR 80 
technical solution: 81 

Sol ID Sol Name Enabler(s) Coverage Supported OI step(s) 
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#100 ACAS Ground Monitoring and 
Display System  

CTE-S03g 

ER-APP-
ATC-68 

Full CM-0802

82 

1.2 Project achievements 83 

Results for STCA 84 

The project allowed STCA to be used in at least low to medium density TMAs. Indeed, the project 85 
generalized an existing concept that avoids triggering an excessive number of unnecessary alerts in 86 
airspace with many aircraft trajectory changes, by taking into account several hypotheses: the classic 87 
linear extrapolation and additional non-linear extrapolations based on possible crew intents linked to 88 
traffic patterns and ATC practices. 89 

The project also improved STCA performance through better trajectory prediction, taking into account 90 
additional non-linear extrapolations based on real crew intents, as reflected in SFL and TAR DAPs. 91 
This resulted in a reduction of unnecessary RAs by up to 26%, with increased warning times when it 92 
mattered. 93 

Note that a reduction of unnecessary RA has an indirect positive effect on safety as controllers will not 94 
have to spend their time to process such an alert. 95 

96 

Results for all G-SNETs 97 

The project identified other promising potential uses of EHS data in G-SNETS (aside from the SFL 98 
and TAR use in STCA) that could be assessed within SESAR 2020: 99 

 Use of FMS Selected Altitude within STCA to cover the case when the target altitude is the100 
FMS Altitude101 

 Use of Roll Angle and Track Angle Rate within APM to detect a turn earlier and model it more102 
precisely;103 

 Use of Magnetic Heading within APM for a conformance check with runway magnetic heading104 

Likewise but in a context of trajectory-based operations, the project identified the most promising 105 
potential uses of ADS-B and SWIM data in G-SNETS that could be assessed within SESAR 2020: 106 

 trajectory data to improve trajectory prediction (in STCA and APW);107 

 trajectory data to provide Resolution Advisories to air traffic controllers (in STCA);108 

 trajectory data to determine eligibility of aircraft for safety net protection (in APW);109 

 trajectory data to determine safety net parameters for alert generation (in STCA);110 

 SWIM airspace data to accommodate dynamic airspace configuration (in APW);111 

 SWIM airspace data to accommodate Advanced Flexible Use of Airspace (in APW);112 

 trajectory data to alert military aircraft excursions from danger/restricted areas (in APW);113 

114 

Results for ACAS 115 

The project confirmed that displaying RAs on the controller working position increases controller’s 116 
situational awareness, and that the technical system produced by projects 10.04.03 and 10.04.03 117 
(“ACAS ground monitoring and display system”) provide timely and useful RA information for use by 118 
the controller. Two operational procedures for this use were proposed a way forward to select one of 119 
them was produced. 120 
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1.5 Project Conclusion and Recommendations 163 

The project successfully worked towards its aims of improving safety nets performance and adapting 164 
them to future operations. From an ATM Master Plan perspective, this success is shown by the 165 
completion of three OI steps and significant progress of two OI steps. 166 

From a programme perspective, this success is materialised by: 167 

 the production of two solutions related to STCA and one related to ACAS, allowing significant 168 
improvements to safety and operational acceptability; 169 

 the highlighting of potential improvements of G-SNETs performance using availability of new 170 
or more accurate trajectory and airspace data (from EHS, ADS-B and SWIM); 171 

 good progress on the way to avoid possible contradictions between STCA-triggered controller 172 
instructions and ACAS-triggered pilot manoeuvres; 173 

 a significant contribution to the development of the new ACAS system, with a focus on 174 
bringing benefits for the European airspace. 175 

 176 

To get the full benefits of the project successes, it is recommended (in no priority order) that: 177 

 the availability of the three mature solutions be advertised to the appropriate stakeholders for 178 
consideration of implementation; 179 

 due to its network-wide nature, the solution that improves ACAS operations be taken onboard 180 
by the deployment manager and incentives for airlines to equip be established; 181 

 future R&D activities build on the project results on the uses of Mode S DAPs and ADS-B / 182 
SWIM data to progress further the evolution of G-SNETs adapted to trajectory-based 183 
operations. Work to be progressed include to refine the expected benefits from the most 184 
promising options identified by the project and to fully develop the concepts (and associated 185 
systems and interfaces) for which the benefits and feasibility are confirmed; 186 

 future R&D activities complete the validation of ACAS Xa to ensure that the final development 187 
stage takes into account European safety and performance requirements anticipated for 188 
trajectory-based operations, and addresses properly the essential human factor issue of pilot 189 
acceptability. Input to RTCA/EUROCAE meetings will be needed in order to produce the 190 
associated MOPS. 191 

 future R&D activities complete the development and the safety assessment of the operational 192 
concept for the use by the controller of RA information displayed on the CWP. 193 



Project 04.08.01 00.01.02 
D000 - Final Project Report 

 19 of 24 

©SESAR JOINT UNDERTAKING, 2016. Created by DSNA for the SESAR Joint Undertaking within the frame of the SESAR 
Programme co-financed by the EU and EUROCONTROL. Reprint with approval of publisher and the source properly 
acknowledged 

 
 

2 References 194 

[1] SESAR Programme Management Plan, Edition 03.00.01 195 

[2] European ATM Master Plan 196 

[3] Multilateral Framework Agreement (“MFA”) signed between the SJU, EUROCONTROL and its 197 
15 selected members on August 11, 2009, amended on 14 June 2010, 19 October 2010 and 2 198 
July 2012 199 

[4] SESAR P04.08.01, SPR-STCA-V2 Consolidated baseline framework for safety and performance, 200 
D03, 00.01.00 201 

[5] SESAR P04.08.01, VP-TMA-STCA-V3 Final validation plan (V3) for enhanced STCA for TMA 202 
specific operations, D04, 00.01.00 203 

[6] SESAR P04.08.01, VR-TMA-STCA-V3 Operational evaluation of industrial STCA prototype for 204 
TMA, D05, 01.00.00 205 

[7] SESAR P04.08.01, DP-G-SNET-STEP1 Initial development plan for G-SNETs evolution using 206 
DAPs, D06, 00.01.00 207 

[8] SESAR P04.08.01, DP-DAP-G-SNET-V2 Initial development plan for the use of existing down-208 
link parameters in ground-based safety nets, D10, 00.01.00 209 

[9] SESAR P04.08.01, VP-DAP-G-SNET-V2 Validation Plan (V2) for G-SNETs using DAP, D11, 210 
00.01.00 211 

[10] SESAR P04.08.01, VR-Feasibility-DAP-G-SNET-V2 Feasibility and options for use of DAP in G-212 
SNETs, D12, 00.01.01 213 

[11] SESAR P04.08.01, VR-Benefits-DAP-STCA-V2 Model-based performance evaluation of STCA 214 
using DAP, D13, 00.01.01 215 

[12] SESAR P04.08.01, VR-Benefits-DAP-Other-G-SNET-V2 Evaluation of safety benefits of other G-216 
SNETs using DAP, D14, 00.01.01 217 

[13] SESAR P04.08.01, SAR-Safety-DAP-G-SNET-V2 Safety assurance elements for the use of 218 
existing down-linked aircraft parameters in ground-based safety nets, D15, 00.01.00 219 

[14] SESAR P04.08.01, VR-Costs-DAP-G-SNET-V2 Estimated costs for the use of DAP in G-SNETs, 220 
D16, 00.01.00 221 

[15] SESAR P04.08.01, OR-DAP-G-SNET-V2 Preliminary OR for the use of DAP in G-SNETs, D17, 222 
01.01.00 223 

[16] SESAR P04.08.01, SPR-DAP-G-SNET-V2 Preliminary SPR for G-SNETs using DAP, D18, 224 
00.01.00 225 

[17] SESAR P04.08.01, VALP-DAP-G-SNET-V3 Validation Plan -V3- for enhanced STCA using DAP, 226 
D19, 00.01.00 227 

[18] SESAR P04.08.01, VALR-DAP-G-SNET-V3 Operational evaluation of enhanced STCA using 228 
DAP, D20, 00.01.01 229 

[19] SESAR P04.08.01, DP-34D-G-SNET-V1 Initial development plan for G-SNETs evolution for 230 
future 3/4D trajectory operations with ground-based separation, D21, 00.01.01 231 

[20] SESAR P04.08.01, OSED-TRAJ-G-SNET-V1 Initial operational concept for G-SNETs adapted to 232 
3-4D TRAJ, D22, 00.01.00 233 

[21] SESAR P04.08.01, VALP-TRAJ-G-SNET-V2 Validation plan (V2) for G-SNETs adapted to 3-4D 234 
TRAJ, D24, 00.01.00 235 

[22] SESAR P04.08.01, VALR-TRAJ-G-SNET-V2 Validation report (V2) for G-SNETs adapted to 3-236 
4D TRAJ, D25, 00.01.00 237 

[23] SESAR P04.08.01, OSED-TRAJ-G-SNET-V2 Preliminary OR for G-SNETs adapted to 3-4D 238 
TRAJ, D29, 00.01.00 239 



Project 04.08.01 00.01.02 
D000 - Final Project Report 

 20 of 24 

©SESAR JOINT UNDERTAKING, 2016. Created by DSNA for the SESAR Joint Undertaking within the frame of the SESAR 
Programme co-financed by the EU and EUROCONTROL. Reprint with approval of publisher and the source properly 
acknowledged 

 
 

[24] SESAR P04.08.01, OSED-DAP-G-SNET-V3 Final OSED for the use of DAPs in G-SNETs, D80, 240 
00.01.03 241 

[25] SESAR P04.08.01, VALP-RADL-V2 Preliminary validation plan of proposed display and use of 242 
ACAS RA downlinked information by the controller, D82, 00.01.00 243 

[26] SESAR P04.08.01, VALR-RADL-V2 Preliminary validation report on proposed display and use of 244 
ACAS RA downlinked information by the controller, D83, 00.01.00 245 

[27] SESAR P04.08.01, OSED-RADL-V2 ATC operations including the display of ACAS RA 246 
downlinked information to the controller, D84, 00.01.01 247 

[28] SESAR P04.08.01, VALP-RADL-V3 Final validation plan of proposed display and use of ACAS 248 
RA downlinked information by the controller, D85, 00.01.00 249 

[29] SESAR P04.08.01, VALR-RADL-V3 Final validation report on proposed display and use of ACAS 250 
RA downlinked information by the controller, D86, 00.01.02 251 

[30] SESAR P04.08.01, OSED-RADL-V3 ATC operations including the display of ACAS RA 252 
downlinked information to the controller, D87, 00.01.03 253 

[31] SESAR P04.08.01, SPR-ACASX-CURRENT Safety assessment of ACAS Xa in Europe, D88, 254 
00.01.02 255 

[32] SESAR P04.08.01, VALR-ACASX-CURRENT Validation report for the evaluation of ACAS Xa in 256 
Europe, D89, 00.01.01 257 

[33] SESAR P04.08.01, SPR-ACASX-OPT1 Requirements of an optimized ACAS Xa logic for current 258 
European operations, D90, 00.01.02 259 

[34] SESAR P04.08.01,  VALP-ACASX-OPT1 Validation plan for the evaluation of ACAS Xa 260 
optimized for Europe, D91, 00.01.00 261 

[35] SESAR P04.08.01, VALR-ACASX-OPT1 Validation report for the evaluation of ACAS Xa 262 
optimized for Europe, D92, 00.01.01 263 

[36] SESAR P04.08.01, VALP-ACASX-HP Validation plan for the assessment of performance 264 
aspects of ACAS Xa, D94, 00.01.01 265 

[37] SESAR P04.08.01, VALR-ACASX-HP Validation report for the assessment of human 266 
performance aspects of ACAS Xa, D95, 00.01.00, 20/06/2016 267 

[38] SESAR P04.08.01, GEN-Roadmap-EM Initial Step 2 Technical Note: Roadmap for European (or 268 
Global) Encounter Models, D97, 00.01.02 269 

[39] SESAR P04.08.01, GEN-ACASX-Acceptability SESAR vision of European acceptability criteria 270 
for ACAS Xa development, 101, 00.01.02 271 

[40] SESAR P04.08.01, GEN-Roadmap-EM2 Updated roadmap for European encounter models and 272 
validation platform, D98, 00.01.10 273 

[41] SESAR P04.08.01, GEN-Input-CONOPS Input for Global Concept of Operation for Collision 274 
Avoidance, D99, 00.01.01 275 

[42] SESAR P04.08.02, VP-TCAP Validation plan for new possible altitude capture laws, D02, 276 
00.01.00 277 

[43] SESAR P04.08.02, VR-TCAP Validation report for new possible altitude capture laws, D03, 278 
00.01.01 279 

[44] SESAR P04.08.02, SPR-TCAP Safety and Performance Requirements for new possible altitude 280 
capture laws, D04, 00.01.00 281 

[45] SESAR P04.08.02, VP-APFD Validation plan for automatic responses to ACAS RA, D05, 282 
00.01.00 283 

[46] SESAR P04.08.02, VR-APFD Validation report for automatic responses to ACAS RA, D06, 284 
00.01.01 285 

[47] SESAR P04.08.02, SPR-APFD SPR for automatic responses to ACAS RAs, D07, 00.01.01 286 



Project 04.08.01 00.01.02 
D000 - Final Project Report 

 21 of 24 

©SESAR JOINT UNDERTAKING, 2016. Created by DSNA for the SESAR Joint Undertaking within the frame of the SESAR 
Programme co-financed by the EU and EUROCONTROL. Reprint with approval of publisher and the source properly 
acknowledged 

 
 

[48] SESAR P04.08.02, OSED-INITIAL-ACAS ACAS modifications for time & trajectory based 287 
operations initial OSED, D08, 00.01.00 288 

[49] SESAR P04.08.02, VP-CURRENT Validation plan of possible ACAS modifications for time & 289 
trajectory-based operations, D09, 00.01.00 290 

[50] SESAR P04.08.02, VALR-OT Validation Report on Optimising ACAS RA Thresholds, D10, 291 
00.01.01 292 

[51] SESAR P04.08.02, VR-NONACAS Validation report on potentially improving compatibility of non-293 
ACAS aircraft with ACAS, D11, 00.01.00 294 

[52] SESAR P04.08.02, VR-TRAJ Feasibility report of using trajectory data in ACAS, D12, 00.01.01 295 

[53] SESAR P04.08.02, OSED-IT1, ACAS modifications for trajectory based operations - Updated 296 
OSED (Iteration 1), D23, 00.01.00 297 

[54] SESAR P04.08.02, OSED-ACASX-CURRENT Operational and Performance requirements for 298 
ACAS Xa in Europe, D36, 00.01.01 299 

[55] SESAR P04.08.03, PR-RADL Performance Specifications of ACAS Monitoring System for the 300 
collection of ACAS RA downlink information, D05, 00.01.00 301 

[56] SESAR P04.08.03, OCD-RADL ATC operations including the display of ACAS RA downlinked 302 
information to the controller - initial version, D07, 00.01.00 303 





Project 04.08.01 00.01.02 
D000 - Final Project Report 

 23 of 24 

©SESAR JOINT UNDERTAKING, 2016. Created by DSNA for the SESAR Joint Undertaking within the frame of the SESAR 
Programme co-financed by the EU and EUROCONTROL. Reprint with approval of publisher and the source properly 
acknowledged 

 
 

As the validation experts will have been inactive on ACAS Xa for a long time, there will be a loss of 329 
European expertise in ACAS. If an ACAS Xa implementation issue arises in Europe, it will be more 330 
difficult and more costly to address it, both because of the loss of expertise and because of the late 331 
detection of the issue (after the standardization). 332 

On the other hand, if ACAS Xa is not authorized to fly in Europe without a complete European 333 
validation, performance improvements expected from ACAS Xa will be not be delivered on time. Also, 334 
in this case, companies equipped with ACAS Xa and operating transatlantic flights will have to also 335 
remain equipped with TCAS v7.1 which will be an additional cost. 336 

 337 

As of the delivery of this Final Project Report, the only remaining mitigation is that all the desirable 338 
validation activities are conducted for Run 15, otherwise issues may go undetected until ACAS Xa 339 
has been deployed in Europe. Hopefully, FAA will be able to minimize the newly identified issues, 340 
although in a lesser extent than if they had been detected in Run 14, and maybe not to a level where 341 
ACAS Xa is acceptable for Europe. 342 
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