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EUROCAE Industrial Standardisation

Minimum aviation system performance
specifcations for remote tower optical systems (WG100/ED240A)

Jorn Jakobi (DLR)

EUROCAE WG100 Chairman &
SESAR PJO5 Project Coordinator
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EASA Rule Making Group (RMT.0624)

*“Technical requirements for remote tower operations”

* Adoption of industry standards (EUROCAE ED-240).

 EXisting publication:

* Guidance Material on “Single”,
via ED Decision 2015/014/R

& High-Level Guidance/Requirements on ATCO licensing,
via ED Decision 2015/015/R

* Amendments w.r.t. “multiple and more complex mode of
operations” by end of 2018
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https://www.easa.europa.eu/document-library/agency-decisions/ed-decision-2015014r
https://www.easa.europa.eu/document-library/agency-decisions/ed-decision-2015015r
https://www.easa.europa.eu/document-library/agency-decisions/ed-decision-2015015r
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ICAQO Consideration 1/4

Establishment of an aerodrome control service does not
necessarily imply the immediate provision of a

...adequately qualified ATC personnel, having means and

facilities at their disposal
(ICAO doc 9426%*)

*|CAO Doc 9426 (Dez. 1992) - Air Traffic Services Planning Manual
PART 1 — SECTION 2 — Establishment of Air Traffic Services
Chapter 1 — Need for Air Traffic Services / Paragraph 1.5.3
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ICAQO Consideration 2/4

The tower must permit the controller to survey
the aerodrome and its vicinity over

The tower must be equipped so as to permit the controller rapid and
with aircraft with which he is concerned.

(ICAO doc 9426%*)

ESSENTIAL OPERATIONAL REQUIREMENT

*|CAO Doc 9426 - Air Traffic Services Planning Manual
PART IIl — Section 2 — Facilities required by Air Traffic Services
Chapter 2 - Specific Requirements for an Aerodrome Control Tower / Paragraph 2.1.1
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ICAQO Consideration 3/4

The controller must be able to between aircraft and

between aircraft and vehicles while they are on the same or different

runways and/or taxiways.
(ICAO doc 9426%*)

ESSENTIAL OPERATIONAL REQUIREMENT

*|CAO Doc 9426 - Air Traffic Services Planning Manual
PART IIl — Section 2 — Facilities required by Air Traffic Services
Chapter 2 - Specific Requirements for an Aerodrome Control Tower / Paragraph 2.1.2
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ICAO Consideration 4/4

ICAO ATMOPSP/WG/3 Proposal for PANS-ATM, Doc 4444

7.1.1.2.1
Visual observation shall be achieved through direct out of the

window observation or through indirect observation utilizing
a visual survelllance system...
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EUROCAE WG100 a
,Remote and Virtual Tower*

ICAO Doc4444
amendment proposal

EASA RMG.0624 EASA NPA 2017-21
Launch of ED Decision 2015/014/R ED Decision 2015/014/R

with updated GM & AMC to

EUROCAE WG-100 20 4 EU 2015/340

D L R EL x‘vj-._. ;;: F

’ L S R T . ' 4 Nl =
fﬁv “- ‘, . 'h . p., - “r A "‘ P




9/2 > Jakobi > EUROCAE Industrial Standardisation > DAT2018 - Hamburg, 2018-10-25

EUROCAE ED-240: “Remote Tower Optical System”

conceptual building _
blocks e
Aerodrome Operatorat RTM
Optical
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EUROCAE ED-240A: “Remote Tower Optical System”

conceptual building
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ED-
D-240A Requirements

section [REQ] Name Value

321 [REQ 01} Detection and Recognition Range (DRRF) Operator Acceptance
322 [REQ 02] =1s

323 [REQ 03) Video Update Rate >1 fps

323 [REQ 04] Video Updateé Rate Operatof Acceptance
324 [REQ 05) Video Failure Notification Time <=2%

325 [REQ 06} PTZ Function Control Latency <= 250 ms ‘,
326 [REQ 07) 577 Pan Speed >=60°/s |
326 [REQ 08] PTZ Tit Speed >=60°Is

326 [REQ 09] pTZ Pan Positioning <=125

326 [REQ 10} PTZ Tit Positioning <=28

327[REQ 1) Time Synduonisa!ion <= 100 ms

328 [REQ 12] Video Jitter Buffer NA

328 REQ 13] Video Jitter Threshold Operator Acceptance
329[REQ 14} Packet LosS Monitoning N/A

329 [REQ 15) Packet LOSS Threshold Operator Acceptance
33.1[REQ 16] Visual Tracking Range (VTRP) Operator specified
332 [REQ 17 Number of unwanted Object Indications (NUOT) Operatof Acceptance
333 [REQ 18] Object Indication Tracking Update Rate (OITUR) >=1Hz

334 [REQ 19] Position Renewal Time-out Penod (PRTOP) Operator specified
335 [REQ 20) Object Augmentation Initiation Time (OAIT) Operatof specified
34 1[REQ 21] Probability of PTZ Object Following LOSS (POL) Operator specified
411[REQ 22) integrity Monitor Response Time (IMRT) «=108s

s sepmoace Viean Time Between Critical Failures (MTBCF) >= 20 000 hrs
—_ a TTR) = 2 hrs
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Detection & Recognition Requirements Performance
(DRRP)

Optical Sensor (Camera)
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g

DRRP

DROME SPECIFIC

range (M) fo
(D) and Recod

R CREATING AERO

TABLE 3: EXAMPLE MATRIX FO

D

— et sze ()

{DRRP Rea 1] Final Approach Medium Aircraft
[DRRP REQ 3] Manoeuvring Area | Persons | Animals 18x05x0 5

{DRRP REQ 4] Manoeuvring Area

etice %

Manoeuvring Area Obstructions

[DRRP REQ 5]
e [ [ asanes
wm

oarenng | Animals
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ED-
D-240A Requirements

section [REQ] Name Value

321 [REQ 01} Detection and Recognition Range (DRRF) Operator Acceptance
322 [REQ 02] y =15

323 [REQ 03) Video Update Rate >1 fps

323 [REQ 04] Video Updaté Rate Operatof Acceptance
324 [REQ 05) Video Failure Notification Time <=2%

325 [REQ 06) PTZ Function Control Latency <= 250 ms

326 [REQ 07} PTZ Pan Speed >=60°/s

326 [REQ 08] PTZ Tit Speed >=60°Is

326 [REQ 09] pTZ Pan Positioning <=125

326 [REQ 10} PTZ Tit Positioning <=28

327[REQ 1) Time Synduonisa!ion <= 100 ms

328 [REQ 12] Video Jitter Buffer NA

328 REQ 13] Video Jitter Threshold Operator Acceptance
329[REQ 14} Packet LosS Monitoning N/A

329 [REQ 15) Packet LOSS Threshold Operator Acceptance
33.1[REQ 16] Visual Tracking Range (VTRP) Operator specified
332 [REQ 17 Number of unwanted Object Indications (NUOT) Operatof Acceptance
333 [REQ 18] Object Indication Tracking Update Rate (OITUR) >=1Hz

334 [REQ 19] Position Renewal Time-out Penod (PRTOP) Operator specified
335 [REQ 20) Object Augmentation Initiation Time (OAIT) Operatof specified
34 1[REQ 21] Probability of PTZ Object Following LOSS (POL) Operator specified

211(REQ 22)

s aanat S

integnty Monitor Response Time (IMRT) <«=10 8
Mean Time Between Critical Failures (MTBCF) >= 20 000 hrs

—_ a TTR) «=2hrs
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Study to investigate Lower Frame Rates in a Remote

Tower Environment
) 5~

DLR Remote Tower Field Test Platform
. at Braunschweig-Wolfsburg Airport
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What are the effects of
low frame rates on:

 Physiological Stress
* Visual Detection Performance
* Perceived Video quality

Perceived System operability

Simulator Sickness Questionnaire (55Q)
by Kennedy, Lane et al. (1993)

i DLR

o% ] 100%

A - Current Mental and Physiological State

The following 16 questions are designed to measure your current mental and physiological state.

Please indicate how you feel right now by selecting your preferred answer amongst four possible choices.

You can only select one answer per item.

If you feel uncertain about the meaning of the items, just ask the experimentor.

General Discomfort
Fatigue

Headache

Eye Strain

Difficulty Focusing
Increased Salivation
Sweating

Nausea

Difficulty Concentrating
Fullness of Head
Blurred Vision

Dizzy (Eyes Open)
Dizzy (Eyes Closed)

Vertigo (Vertigo is a
disordered state in
which the person or
his/her surroundings
seem to whirl dizzily)

Stomach Awareness
(Stomach awareness is
usually used to indicate

a feeling of discomfort
which is short of
nausea)

Burping

None Slight Moderate Severe
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Physiological stress

TSS
2000

1600

1200

800

400

Max. SSQTSS 2352

Mean SSQTSS 1176

mSSQTSS
Sl Ml 2. 315 283 erage

base 2-fps 5-fps 10-fps 15-fps

Figure 2. Total Sickness Scores before (base) and for four different FR

test conditions.
TP

e 8
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Conclusions

 Physiological stress not affected !

* Visual detection range performance uneffected
* Check blinking lights performance in < 5 fps conditions

* Preference for higher vs. lower frame rates

* Perceived Operability agreed for 5 /10 / 15 fps but not for
2 fps in this setting

Full study results on
www.remote-tower.eu



http://www.remote-tower.eu/
http://www.remote-tower.eu/
http://www.remote-tower.eu/
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ED-
D-240A Requirements

section [REQ] Name Value

321 [REQ 01} Detection and Recognition Range (DRRF) Operator Acceptance
322 [REQ 02 =15

323 [REQ 03) Video Update Rate >1 fps

323 [REQ 04] Video Updateé Rate Operatof Acceptance
324 [REQ 05) Video Failure Notification Time <=2%

325 [REQ 06) PTZ Function Control Latency <=250 ms

326 REQ 07) 577 Pan Speed 5= 60°ls |
326 [REQ 08] PTZ Tit Speed >=60°ls

326 [REQ 09] pTZ Pan Positioning <=125

326 [REQ 10} PTZ T Positioning <=28

327[REQ 1) Time Syndtronisation <= 100 ms

328 [REQ 12] Video Jitter Buffer NA

328 [REQ 13] Video Jitter Threshold Operator Acceptance
32 9[REQ 14} Packet LosS Monitoning N/A

329 [REQ 15) Packet LOSS Threshold Operator Acceptance
331 [REQ 16] Visual Tracking Range (VIRP) Operator specified
332 (REQ 17] Number of Jnwanted Object Indications o) | | Operator Acceptance
333 [REQ 18] Objectlndiln Updaie Rate | o= 1 H2

334 [REQ 19] Position Renewal Time-out Penod (PRTOP) Operator specified
335 [REQ 20) Object Augmentation Initiation Time (OAIT) Operatof specified
341[REQ 21] Probability of PTZ Object Following LOSS (POL) Operator specified
411[REQ 22) integnty Monitor Response Time (IMRT) «=10s

s sepmoace Viean Time Between Critical Failures (MTBCF) >= 20 000 hrs
—_ aTTR) = 2 h's
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Box&Follow i ' Ing Environment
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Object of interest Object not of interest

Object not
tracked

EUROCAE WG100 ED-240A in accordance to
Signal Detetcion Theory (Wickens, 2002)

i DLR




Experimental Design

Location - Runway Taxiway Final Approach Traffic Pattern

D""e'\L“me BL Al A2 A3 [BL Al A2 A3 [BL A1 A2 A3 [BL Al A2 A3
30 sec oloflo|7|o|lo|7]|1]lo|lolo|7]|o]lo| o] 7
5 sec o|lo| 7|14l o |7 |2a|28|0 |7 |7 |1|o0o]|7]| 7|14
2 sec 0 |24 |28 | 42| 0o | 14| 28|42 | 0 | 24| 28|42 o | 70| 240 | 210

i DLR
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Acceptance 3point Likert Scale (mid-run)
3

During the past 5 minutes | found the ,Visual Tracking":

2

M Acceptance of
Tracking
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Acceptance (post-run) (unwanted)

6

5 _
| experienced unwanted Boxes

4 - )
(nuisance boxes) but they popped

— up in an acceptable amount that

3 - did not prevent me from working
in a safe and efficient manner
Strongly Disagree Somewhat | Somewhat | Agree Strongly

2 - disagree disagree agree agree
M Acceptance Post-run

likert 1-6
1 _
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Crosser detection

Overflight without radio contact

Sichtflugkarte BRAUNSCHWEIG-WOLFSBURG
Visual Operation Chart ELEV 285 EDVE
a n d C I e a, r a, n C e FIS VDF 120.050 BRAUNSCHWEIG TOWERTURM andemfalisiotherwise
BREMEN INFCRMATION ILS 26 108.50 120.050 EnvGe* 369.025 En* BRAUNSCHWEIG INFO 120050 EnvGe*
118.825 “{25 NI 4C00 L GND}

-Qvemgh of popu

T T [ 1T [wel [T Tee T [ ] [e=] [T Jom]
,Uberfﬂga besiedeller Goolete|sing sowe ‘tmoéhchzuvﬂnnemn % i non !In ' :
M&? o4 be. | INTR v | ,- o
< j | ) — 7 . = 5 8“

Loz INr vl

 Without tracking 0/7
* With tracking 4/7

000} 'UOLEIEA 'SO8IEY0  (UOI0ALOT

‘agelbodo] 'Bunsamssy ‘siwaou Bunisaues

Hqws Buruayisfingd aupsineq S4a <

Friedman-Test: 2 (3) = 12.000, p =.007
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Maintanance Car detection

During a take-off it crossed without
clearance

» Without tracking 4/7
* With tracking 7/7
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Conclusions

“Unwanted” Boxes disturb less than expected

Minimum performance value for “unwanted”
hard to quantify

Visual Tracking is not a control tool — similar to
non-cooperative radar information

Increase “hit” rate from 88% close to 100% on
eventual costs of more “Unwanted” Boxes
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ED-
D-240A Requirements

section [REQ] Name Value

321 [REQ 01} Detection and Recognition Range (DRRF) Operator Acceptance
322 [REQ 02 =15

323 [REQ 03) Video Update Rate >1 fps

323 [REQ 04] Video Updateé Rate Operatof Acceptance
324 [REQ 05) Video Failure Notification Time <=2%

325 [REQ 06) PTZ Function Control Latency <=250 ms

326 REQ 07) 577 Pan Speed 5= 60°ls |
326 [REQ 08] PTZ Tit Speed >=60°ls

326 [REQ 09] pTZ Pan Positioning <=125

326 [REQ 10} PTZ T Positioning <=28

327[REQ 1) Time Syndtronisation <= 100 ms

328 [REQ 12] Video Jitter Buffer NA

328 [REQ 13] Video Jitter Threshold Operator Acceptance
32 9[REQ 14} Packet LosS Monitoning N/A

329 [REQ 15) Packet LOSS Threshold Operator Acceptance
331 [REQ 16] Visual Tracking Range (VIRP) Operator specified
332 (REQ 17] Number of Jnwanted Object Indications o) | | Operator Acceptance
333 [REQ 18] Objectlndiln Updaie Rate | o= 1 H2

334 [REQ 19] Position Renewal Time-out Penod (PRTOP) Operator specified
335 [REQ 20) Object Augmentation Initiation Time (OAIT) Operatof specified
341[REQ 21] Probability of PTZ Object Following LOSS (POL) Operator specified
411[REQ 22) integnty Monitor Response Time (IMRT) «=10s

s sepmoace Viean Time Between Critical Failures (MTBCF) >= 20 000 hrs
—_ aTTR) = 2 h's
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The modernisation of air traffic management is one of the main challenges of current aeronautics research.The I b ' ) (SESAR)
project defines, develops and deploys what is needed o increase ATM performance and build Europe’s intelligent air transport system. The current programme
JOINT UNDERTAKING is Si f , running from 2016 to 2024 with a budget of 1.6 billion Euro, supports pro S to deliver solutions in four key areas, namely alrport operations,

network operations, air traffic services and technology enablers.

Part of SESAS Is the Project PJ05 “"Remote Tower for Multiple Airports™ with focus on the safe and efficient
concept of remotely controlling multiple airports to a higher maturity level, the 5S¢ project aims at providing small and medium sized airports with more

alrport of the future, By bringing the

cost-efficient and seérvice tailored air traffic services

The project was launched in November 2016 and runs in its first wave over 37 months supported by t L f from industry, air navigation
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