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APPENDIX A Shannon Airport
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PUBLISHED BY THE DIRECTOR, ORDNANCE SURVEY, PHOENIX PARK, DUBLIN.
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Figure A-1: Shannon Airport Layout (Irish Aviation Authority, 2019)
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Figure A-2: Shannon Airport Ground Layout (Irish Aviation Authority, 2019)
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Airport Hourly Departure Distribution?

Hour | Totals | 2017/01 [ 2017/02 | 2017/03 | 2017/04 | 2017/05 | 2017/06 | 2017/07 [ 2017/08 | 2017/09 | 2017/10 | 2017/11 | 2017/12 | 2018/01 | 2018/02 | 2018/03 | 2018/04 | 2018/05 | 2018/06 | 2018/07 | 2018/08
Departure 00:00-00{ 119 6 6 3 7 1 1 1 1 9 1 3 2 6 18 6 7 5 1 8
Departure 01:00- 01 % 2 5 7 4 2 2 4 2 2 11 6 3 6 4 7 9 3 3 10 4
Departure 02:00- 02 82 3 6 2 2 3 1 2 2 13 2 6 6 3 4 7 5 6 5 4
Departure 03:00- 03 89 6 2 3 6 1 1 1 1 11 6 5 5 4 13 3 4 6 5 6
Departure 04:00-04] 114 3 6 4 3 2 3 1 3 2 4 8 9 4 9 7 6 6 20 6 3
Departure 05:00-05] 166 5 7 8 7 1 3 9 2 6 15 9 4 4 3 9 5 21 10 3
Departure 06:00-06] 331 10 17 13 4 9 35 73 2 4 15 19 2 20 10 12 9 17 18 9 13
Departure 07:00-07{ 1,661 38 29 52 ) 112 118 117 109 97 103 63 59 55 54 63 84 99 113 95 109
Departure 08:00-08] 592 57 50 60 7 29 21 29 14 18 40 33 2 2% 32 3 27 20 20 2 2
Departure 00:00-09 1,039 55 38 70 47 74 100 88 74 63 59 48 33 44 29 43 31 34 46 25 33
Departure 10:00-10{ 1,203 80 56 61 52 58 79 44 54 64 44 86 39 53 65 94 57 58 51 51 57
Departure 11:00-11{ 2,518 12 88 118 119 148 171 163 137 148 119 109 89 9% 73 123 120 145 160 148 132
Departure 12:00-12{ 2,742 64 50 106 137 146 172 154 159 155 134 108 87 121 9 159 152 165 200 198 183
Departure 13:00-13] 1,134 71 62 36 50 44 66 54 ) 71 43 36 47 72 57 79 49 54 61 52 38
Departure 14:00-14] 1,140 53 65 68 78 58 64 48 38 73 56 46 50 56 51 50 53 45 58 72 58
Departure 15:00-15{ 1,167 56 57 63 0 46 51 58 51 66 75 56 54 44 52 54 63 65 73 32 59
Departure 16:00-16] 931 52 43 39 48 52 50 46 30 47 65 25 45 35 43 0 38 73 58 51 49
Departure 17.00-17{ 1,533 65 52 75 9% 107 85 80 56 106 89 57 56 65 52 55 72 71 101 91 102
Departure 18:00- 18] 1,174 46 27 39 55 81 93 79 78 90 72 26 2% 35 28 41 62 68 86 74 70
Departure 19:00-19{ 1,324 58 53 61 58 74 79 78 79 3 60 53 45 55 51 52 51 73 83 97 81
Departure 20:00-20{ 966 40 39 51 39 57 S5 51 59 46 48 44 36 50 46 39 45 53 58 55 55
Departure 21:00-21{ 604 57 40 41 21 27 29 3 2 27 41 47 32 37 39 35 17 15 23 16 1
Departure 2:00-22{ 423 2 17 13 2 1 16 2% 15 21 31 16 16 20 21 30 19 20 2% 30 32
Departure 23:00-23] 189 7 7 5 6 3 2 7 4 5 19 8 6 6 11 14 16 8 23 17 10

1 Source: Shannon Airport Authority
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APPENDIX B Cork Airport Layout

RUNWAY INCURSION HOTSPOT ADDED TO TAXIWAY F

CHANGES : TAXIWAY F DESIGNATION;

AP IRELAND EICK AD 2.24-1
TWR 119.300 CONSULT NOTAM
AERODROME CHART — icA0 > >0 2857 N ELEV 502 FT GND 121.850 FOR LATEST CORK AIRPORT/ IRELAND
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17 166° 5151 0097 N | 008 29 47.18 W | ooy oo o g rr ::gmn .?.
35 346" 51 49 5616 N | 008 29 08.84 W g
07 069" 51 50 29.78 N | 008 29 45.59 W
RUNWAY HOLDING POSITION MARKINGS —
25 249' 5150 49.27 N | 008 28 4434 W | O S/RICMA
% RUNWAY INCURSION HOT SPOTS O

BEARINGS ARE MAGNETIC.

LINEAR DIMENSIONS IN METRES.

ELEVATIONS IN FEET AMSL

HEIGHTS IN FEET ABOVE AERODROME ELEVATION SHOWN IN BRACKETS.

AT sun sermoncy ii
. LIGHTING SYSTEM *
B X 150M
AHNUAL RATE OF CHANGE =11" W
SCALE 1:25000
METRES
0 1000
;'l' 'l'l T ! T T .
1000 0 1000 2000 3000

ROTE 1: ALL TAXIWAYS 23M WIDE EXCEPT TWY A 27M E 13M,
AND TWY F: 10.5M

NOTE 2 RWY 17/35 IS PROVIDED WITH 7.5M WIDE SHOULDERS.

o1 X 150 6_ ur

= Oe———————=—=—18

MARKING AIDS RUNWAY 07/25 — NOT TO SCALE
X-—%———-——l—',—;—: ————— — 1 |
MARKING AIDS RUNWAY 17/35 — NOT TO SCALE

S I S S T E S S e G E R S DB EES

LIGHTING AIDS RUNWAY 17/35 — NOT TO SCALE

NOTE: LIGHTING AIDS ON RUNWAY 07/25 CONSIST OF EDGE LIGHTS AND RUNWAY END LIGHTS.

PUBLISHED BY THE DIRECTOR, ORDNANCE SURVEY, PHOENIX PARK, DUBLIN. AERONAUTICAL INFORMATION 02 FEB 2017

Figure B-3: Cork Airport Layout (Irish Aviation Authority, 2019)
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NOTE 1
NOTE 2 :
NOTE 3 :
NOTE 4 :

NOTE 5 -
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£
=
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ANNUAL RATE OF CHENGE —11° W

TAKIWAY & - PN B3/R/B,W/T.

TAXIWATS B, C AND WAIN APRON — PCH 50,R/B/W/U.
TAXIWAY E : LGHT AIRCRAFT WTOW 5,700Kg.
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|APROM SERYICE ROAD =====:=3
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Figure B-4: Cork Airport Layout Aircraft Parking/Docking Chart (Irish Aviation Authority, 2019)
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APPENDIX C Notes from the Hazard Identification and
Initial Analysis HET

HET Template Departure procedure

Stepl
Pushback approval

[ 1.1 Check apronon OTW ]1
[ 1.2 Issuance of pushback clearance ] -
[ 1.3 Move EFS on board ] -
[ 1.4 Scan other airport's OTW and RDP ] +
[ 1.5 Monitor the pushback ] -
|' 2.1 Check apronon OTW ]-1
[ 2.2 Check EFS for other aircraft ] +
[ 2.3 Issuance of taxi instruction ] -
[ 2.4 Move EFS on board ] +
[ 2.5 Scan other airport’s OTW and RDP ] +
[ 2.6 Monitor taxying aircraft ] -

l 3.1Lineupclearance -+

| 3.2 Move EFS on board -

l 3.4 Scan airport runway

&

Step 2
Taxi instruction

l 3.3 Reques a departure from APP ]-1

[ 3.5 Scan other airport’sOTW and RDP |-

Step 3
Line up instruction

[ 4.1 Scan airport runway ] -+
[ 4.2 Issuance of take-off clearance ] -+
[ 4.3 Interact withEFS ]-1
[ 4.4 Scan other airport’'s 0TW and RDP ] 4

l 5.1 Monitor take-off roll/departure ]1

Step 4
Take off instruction

l

[ 5.2 Scan other airport’s OTW and RDP ] +

6.1 Issues transfer clesranceto next -+
AT unit

| 6.2 Interact with EFS J‘

ATC actions

—_
[:] forthe second
airport

Step 5
Monitor take-off roll

|

Step 6
Handover to the next ATS unit
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Scenario: Departure Procedure

Task step 1.1: Pushback approval/ Check apron on the OTW

e Likelihood | Criticality
Error Mode TICK | Description Outcome HIMIL alIMIL PASS | CAUTION
Lack of
ATCO does not situational
Fail to execute \ checkapron on | awareness \ V|V
the OTW regarding aircraft
on apron.
Lack of
. ATCO fails to situational
Task execution
incomplete \Y scan apron awareness \' Viv
P thoroughly. regarding aircraft
on apron.
Lack of
. ATCO scans situational
Task executed in
. . \4 apron at wrong | awareness \% VIV
wrong direction . . .
airport. regarding aircraft
on apron.
ATCO performs Eifl]; t?(f)nal
Wrong task v other tasks and Awareness v viv
executed not scans apron reoardine aircraft
on the OTW. 5 g
on apron.
R
Task repeated \Y apron multiple . p: P \ V|V
. interaction with
times. .
other interfaces.
Task executed on
wrong interface
element
Task executed too ATCO scans ATC_O ha.ls to scan
\ again. Time \ V|V
early apron too early. .
consuming.
Lack of
ATCO fails to situational
Task executed too
late \% scan apron at awareness \% VIV
this time. regarding aircraft
on apron.
Less interaction
with other
Continuous interfaces.
;ausfhexecuted too \% scanning of Distracts from \% V|V
apron. attending to
situation in both
airports.
Lack of
ATCO does not situational
Task executed too awareness
. \% scan apron . . \% VIV
little regarding aircraft
thoroughly.
on apron.
ATCO does not Lack of
Misread fully situational
. . \ comprehend awareness \ \Y \Y
information . )
the apron regarding aircraft
situation. on apron.
Other
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Scenario: Departure Procedure

Task step 1.2: Pushback approval/ Issuance of pushback

clearance
e Likelihood | Criticality
Error Mode TICK | Description Outcome HIMIL alIMIL PASS | CAUTION
ATCO fails to .
Fail to execute \% issue push back Aircraft delayed \% V|V
on the apron.
clearance.
ATCO issues Confirmation
. ) sought by the
Task execution incomplete . .
incomplete v push back pll(.)t leadlng to v ViV
learance. an increase in
¢ ATCO’s workload.
Task executed in
wrong direction
ATCO performs
other tasks )
Wrong task v when he meant a/c departure is v viv
executed ) delayed
to issue push
back clearance.
ATCO issues
Task repeated v push back Increased v viv
clearance workload
several times.
Task executed on
wrong interface
element
ATCO issues
Task executed too v pushback No impact v viv
early clearance too
early.
Increased
ATCO issues coordination
Task executed too push back with APP
\Y% . \Y% VA%
late clearance too required ->
late. increased
workload.
Task executed too
much
Task executed too
little
Misread
information
Other
Scenario: Departure Procedure Task step 1.3: Pushback approval/Move EFS on board
I Likelihood | Criticality
Error Mode TICK | Description Outcome HIiMILIuIMIL PASS | CAUTION
EFS does not
accurately
Fail to execute v No strip moved | represent traffic v viv
into on EFS. situation. No
indication of
aircraft pushback
Task execution
incomplete
Task executed in Inserting strip EFS does not v viv
wrong direction into an accurately
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incorrect bay on
EFS

represent traffic
situation. No
indication of
aircraft pushback

EFS does not
accurately
Wrong task Incorrect strip represent traffic
\ ) o \' VIV
executed moved into bay. | situation. No
indication of
aircraft pushback
Task repeated
Task executed on
wrong interface \'
element
EFS does not
accurately
Task executed too Strip is put too represent traffic
v o \Y% V|V
early early. situation. No
indication of
aircraft pushback
EFS does not
accurately
Task executed too v Strip is put too represent traffic v viv

late

late.

situation. No
indication of
aircraft pushback

Task executed too
much

Task executed too
little

Misread
information

Other

Scenario: Departure Procedure

Task step 1.4: Pushback approval/ Scan the other airport

OTW+RDP
I Likelihood | Criticality
Error Mode TICK | Description Outcome HIiMILIuIMIL PASS | CAUTION
Runway
incursion - miss
ATCO does not obstacle on the
Fail to execute \Y% scan the airport runway. Lack of ViV \%
or look at RDP. situational
awareness
regarding the
other airport.
Runway
incursion - miss
ATCO fails to obstacle on the
Task execution scan the other runway. Lack of viv v
incomplete airport situational
thoroughly. awareness
regarding the
other airport.
Task executed in ATCO scans .Runwe.ly )
wrong direction OTW and RDP fneursion = miss ViV v
obstacle on the
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at wrong runway. Lack of
airport. situational
awareness
regarding the
other airport.
Time consuming
and impacts upon
ATCO interaction with
Wrong task continually other interfaces.
executed scans OTW and | Distracts from
RDP. attending to
situation in other
airports.
Time consuming
and impacts upon
ATCO scans interaf:tion with
Task repeated OTW and RDP other interfaces.

multiple time.

Distracts from
attending to
situation in other
airports.

Task executed on
wrong interface

element
Task executed too ATCO scans ATCO scans OTW
earl OTW and RDP and RDP again.
Y too early. Time consuming.
Runway
incursion - miss
ATCO fails to obstacle on the
Task executed too scan OTW and runway. Lack of
late RDP at this situational
time. awareness
regarding the
other airport.
Time consuming
and impacts upon
Continuous interaction with
Task executed too . other interfaces.
much scanning of Distracts from
OTW and RDP. .
attending to
situation in other
airports.
Runway
incursion - miss
ATCO does not obstacle on the
Task executed too scan OTW and runway. Lack of
little RDP situational
thoroughly. awareness
regarding the
other airport.
ATCO fails to Runway
. incursion - miss
notice
. obstacle on the
. obstruction on
Misread runway. Lack of
. . OTW and take . .
information . situational
cognizance of
. e awareness
aircraft position .
regarding the

on RDP.

other airport.

Other

13
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Scenario: Departure Procedure

Task step 1.5: Pushback approval/Monitor the pushback

Likelihood

Criticality

Error Mode TICK | Description Outcome HiMlLlolmliL PASS | CAUTION
ATCO fails to Loss of
Fail to execute \Y monitor situational \Y V|V
position. awareness.
ATCO fails to
Task execution accuratel Loss of
. . y situational \'% VIV
incomplete monitor
" awareness
position.
Task executed in
wrong direction
ATCO looks at
Wrong task one airport Loss of
executed v instead of the situational v ViV
awareness
other.
Time consuming,.
Impacts upon
Task repeated A_TCO looks_at available time to \Y V|V
aircraft again. .
monitor other
interfaces
Task executed on
wrong interface \%
element
ATCO to monitor
again - Time
. consuming.
Z‘;\rslk executed too v Atlrsc;ianft rtl)(;‘i l};‘et Impacts upon v viv
y p § ’ available time to
monitor other
interfaces
ATCO doesn’t
Task executed too monitor Loss of
\Y situational \Y V|V
late pushback
awareness
enough.
Time consuming,.
Task executed too ATC(.) Imp_acts u;l)on
much continuously available time to \% V|V
looks at aircraft. | monitor other
interfaces
Task executed too
little
Misread
information
...if an increase
in the workload
occurs - the
Other likelihood of \"
certain error
modes may
increase as well
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Scenario: Departure Procedure

Task step 2.1: Taxi Instruction/ Check apron on the OTW

e Likelihood | Criticality
Error Mode TICK | Description Outcome HiMlLlolmliL PASS | CAUTION
Lack of
ATCO does not situational
Fail to execute \ checkapronon | awareness \ V|V
the OTW regarding aircraft
on apron.
Lack of
. ATCO fails to situational
Task execution
incomplete \% scan apron awareness \% VIV
thoroughly. regarding aircraft
on apron.
Lack of
. ATCO scans situational
Task executed in
. . \%4 apron at wrong | awareness \% \ \
wrong direction . . .
airport. regarding aircraft
on apron.
ATCO performs ;ifll; t(i)(f)nal
Wrong task other tasks and
\ awareness \' \' \'
executed not scans apron resarding aircraft
on the OTW. & g
on apron.
coscans | T omsring
Task repeated \Y apron multiple . P: P \ V|V
times interaction with
) other interfaces.
Task executed on
wrong interface
element
Task executed too ATCO scans ATC.O h:_as to scan
\% again. Time \% VIV
early apron too early. .
consuming.
Lack of
Task executed too ATCO fails to situational
late \% scan apron at awareness \% \ \
this time. regarding aircraft
on apron.
Less interaction
with other
Continuous interfaces.
Lausl(hexecuted too \Y% scanning of Distracts from \Y% A%
apron. attending to
situation in both
airports.
Lack of
Task executed too ATCO does not situational
little \Y scan apron awareness \' V|V
thoroughly. regarding aircraft
on apron.
ATCO does not L-ack (.)f
. situational
Misread fully
. . \ awareness \' V|V
information comprehend the . .
. . regarding aircraft
apron situation.
on apron.
Other

15
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Scenario: Departure Procedure

Task step 2.2: Taxi Instruction/ Check EFS for vehicle/aircraft

Likelihood

Criticality

Error Mode TICK | Description Outcome HiMlLlolmliL PASS | CAUTION
Lack of
ATCO does not situational
Fail to execute \Y% check for awareness \Y% A%
vehicle/aircraft | regarding aircraft
on apron.
ATCO fails to ];iil;gcf)nal
Task execution check EFS for
. . . awareness \' V|V
incomplete vehicle/aircraft . .
regarding aircraft
thoroughly.
on apron.
ATCO check EFS | Lack of
. for situational
Task exe.cute.d n vehicle/aircraft | awareness \% VIV
wrong direction . .
at wrong regarding aircraft
airport. on apron.
ATCO performs | Lack of
W task other tasks and | situational
rong tas \% not check EFS awareness \% V|V
executed . .
for regarding aircraft
vehicle/aircraft. | on apron.
ATCO check EFS | Time consuming
for and impacts upon
Task repeated vehicle/aircraft | interaction with v Vv
multiple times. other interfaces.
Task executed on
wrong interface \%
element
ATCO checks ATCO has to scan
Task executed too EFS for -
\Y% . . again. Time \ V|V
early vehicle/aircraft .
consuming.
too early.
ATCO fails to ];iil;gcf)nal
Task executed too check EFS for
\% . . awareness \% V|V
late vehicle/aircraft recarding aircraft
at this time. 8 8
on apron.
Less interaction
with other
Task executed too Continuous interfaces.
check of EFS for | Distracts from \% V|V
much . . .
vehicle/aircraft. | attending to
situation in both
airports.
ATCO does not Lack of
check EFS for situational
Task executed too . .
little vehicle/aircraft | awareness \% V|V
apron regarding aircraft
thoroughly. on apron.
Lack of
ATCO does not . .
) situational
Misread fully
. . awareness \' V|V
information comprehend the . .
. . regarding aircraft
apron situation.
on apron.
Other
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Scenario: Departure Procedure

Task step 2.3: Taxi Instruction/ Issuance of taxi instruction

e Likelihood | Criticality
Error Mode TICK | Description Outcome HiMlLlolmliL PASS | CAUTION
ATCO fails to .
Fail to execute \% issue taxi Aircraft delayed \% VIV
on the apron.
clearance.
Confirmation
Task execution ATCO issues s9ught by. the
. incomplete taxi | pilotleading to \% V|V
incomplete . ;
clearance. an increase in
ATCO’s workload.
Task executed in
wrong direction
ATCO performs
other tasks .
Wrong task v when s/he a/c departure is v viv
executed ) delayed
meant to issue
taxi clearance.
ATCO issues Increased
Task repeated taxi clearance \Y% ViV
. workload
several times.
Task executed on
wrong interface
element
ATCO issues
Zz?:lk executed too \Y taxi clearance No impact \Y V|V
Y too early.
Increased
. coordination
Task executed too AT.CO 1ssues with APP
\% taxi clearance . \% V|V
late required ->
too late. .
increased
workload.
Task executed too v viv
much
Task executed too
little
Misread
information
Other
Scenario: Departure Procedure Task step 2.4: Taxi Instruction/ Move EFS on board
I Likelihood | Criticality
Error Mode TICK | Description Outcome HIiMILIHIMIL PASS | CAUTION
EFS does not
accurately
Fail to execute v No strip moved rtlepreéent traffic v viv
into on EFS. situation. No
indication of
aircraft pushback
Task execution
incomplete
Inserting strip EFS does not
Task executed in into an accurately
. ) . ) \' V|V
wrong direction incorrect bay on | represent traffic
EFS situation. No
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indication of
aircraft pushback

EFS does not
accurately

Wrong task Incorrect strip represent traffic

Vv . ) . \'% VI iV

executed moved into bay. | situation. No
indication of
aircraft pushback

Task repeated

Task executed on

wrong interface \

element
EFS does not
accurately

Task executed too v Strip is put too represent traffic v viv

early early. situation. No
indication of
aircraft pushback
EFS does not
accurately

Task executed too Strip is put too represent traffic

Vv ) . \Y VIV

late late. situation. No
indication of
aircraft pushback

Task executed too

much

Task executed too

little

Misread

information

Other

Scenario: Departure Procedure

Task step 2.5: Taxi Instruction/ Scan of the other airport

OTW+RDP
e Likelihood | Criticality
Error Mode TICK | Description Outcome HiMlLlolmliL PASS | CAUTION
Runway
incursion - miss
ATCO does not :;;z?’:le in tl?ef
Fail to execute \% scan the airport . Ay Lacko VIV \Y
or look at RDP. situational
awareness
regarding the
other airport.
Runway
incursion - miss
ATCO fails to obstacle on the
Task execution scan the other taxiway. Lack of viv v
incomplete airport situational
thoroughly. awareness
regarding the
other airport.
Runway
ATCO scans incursion - miss
Task executed in OTW and RDP obstacle on the
o . V|V \Y
wrong direction at wrong taxiway. Lack of
airport. situational
awareness
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regarding the
other airport.

Time consuming
and impacts upon

ATCO interaction with
Wrong task continually other interfaces.
executed scans OTW and Distracts from
RDP. attending to
situation in other
airports.
Time consuming
and impacts upon
ATCO scans intera.ction with
Task repeated OTW and RDP other interfaces.

multiple time.

Distracts from
attending to
situation in other
airports.

Task executed on
wrong interface

element
Task executed too ATCO scans ATCO scans QTW
carly OTW and RDP and RDP again.
too early. Time consuming.
Runway
incursion - miss
ATCO fails to obstacle on the
Task executed too scan OTW and taxiway. Lack of
late RDP at this situational
time. awareness
regarding the
other airport.
Time consuming
and impacts upon
Continuous interaction with
Task executed too . other interfaces.
much scanning of Distracts from
OTW and RDP. .
attending to
situation in other
airports.
Runway
incursion — miss
ATCO does not obstacle on the

Task executed too

scan OTW and

taxiway. Lack of

little situational
RDP thoroughly.
awareness
regarding the
other airport.
. Runwa
ATCO fails to . _y .
Hotice incursion - miss
. obstacle on the
Misread obstruction on taxiway. Lack of
. . OTW and take . -
information . situational
cognizance of
. e awareness
aircraft position .
regarding the

on RDP.

other airport.

Other

19
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Scenario: Departure Procedure

Task step 2.6: Taxi Instruction/ Monitoring taxiing aircraft

e Likelihood | Criticality
Error Mode TICK | Description Outcome HiMlLlolmliL PASS | CAUTION
ATCO fails to Loss of
Fail to execute \Y monitor situational \Y V|V
position. awareness.
ATCO fails to
Task execution accurately Loss of
. . situational \% V|V
incomplete monitor
position, awareness
Task executed in
wrong direction
ATCO looks at
Wrong task one airport L.OSS O.f
\% ) situational \% V|V
executed instead of the
other. awareness
Time consuming,.
Impacts upon
Task repeated A_TCO looks_at available time to \Y V|V
aircraft again. .
monitor other
interfaces
Task executed on
wrong interface \%
element
ATCO to monitor
again - Time
Task executed too v Air.craft not yet ;:;I;)Saucrtl:ﬂrg)'on v viv
early taxing. . .
available time to
monitor other
interfaces
ATCO doesn’t Loss of
il:isek executed too \Y monitor taxing situational \ V|V
enough. awareness
Time consuming.
Task executed too ATC(.) Imp_acts u;l)on
much continuously available time to \% V|V
looks at aircraft. | monitor other
interfaces
Task executed too
little
Misread
information
...if an increase
in the workload
occurs - the
Other likelihood of \'%
certain error
modes may
increase as well
Scenario: Departure Procedure Task step 3.1: Line up instruction/ Line up clearance
e Likelihood | Criticality
Error Mode TICK | Description Outcome HiMlLlolmliL PASS | CAUTION
ATCO does not a/cis delayed
Fail to execute \ issue line up \ V|V
clearance
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ATCO issues an Confirmation
Task execution incomplete line S(_)ught by. the
. up clearance pilot leading to \ V|V
incomplete . i
an increase in
ATCO’s workload.
Task executed in
wrong direction
ATCO performs | a/cis delayed
other tasks
Wrong task \Y% when he meant \Y% A%
executed ) )
to issue a line
up clearance
ATCO issues Increased
line up workload leading
Task repeated clearance to a loss of time \% V|V
repeatedly to perform other
tasks.
Task executed on E;E;r:rlzce Runway conflict
wrong interface \% ) \Y \Y \%
issued for
element .
wrong airport
ATCO issues No impact
Task executed too v line up v viv
early clearance too
early
ATCO issues a/cis delayed
Task executed too v line up v viv
late clearance too
late
Task executed too ATCO (.ioes not a/cis delayed
issue line up \ V|V
much
clearance
ATCO issues an Confirmation
Task executed too incomplete line 59ught by. the
little up clearance pilot leading to \% V|V
an increase in
ATCO’s workload.
Misread
information
Other
Scenario: Departure Procedure Task step 3.2: Line up instruction/ Move EFS on board
I Likelihood | Criticality
Error Mode TICK | Description Outcome HIiMILIHIMIL PASS | CAUTION
EFS does not
accurately
Fail to execute v No strip moved | represent traffic v viv
on EFS. situation. No
indication
Runway blocked
Task execution
incomplete
EFS does not
Inserting strip accurately
Task executed in into an represent traffic
A ) . . . \Y% A%
wrong direction incorrect bay on | situation. No
EFS indication
Runway blocked

21
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EFS does not
accurately
Wrong task Incorrect strip represent traffic
\Y% . . \Y% A%
executed moved. situation. No
indication
Runway blocked
Task repeated
Task executed on
wrong interface \%
element
EFS does not
Task executed too Strip is put too accurately
\Y% i \Y% ViV
early early. represent traffic
situation
EFS does not
accurately
Task executed too Strip is put too represent traffic
\Y% . . \Y% A%
late late. situation. No
indication
Runway blocked.

Task executed too
much

Task executed too
little

Misread
information

Other

Scenario: Departure Procedure

Task step 3.3: Line up instruction/ Request departure from APP

I Likelihood | Criticality
Error Mode TICK | Description Outcome HiMIlLlolmIL PASS | CAUTION
ATCO fails to
Fail to execute v request Aircraft dglayed v viv
departure from | on the taxiway.
APP clearance.
ATCO Confirmation
. ) sought by the
Task execution incomplete . )
. pilot leading to \% V|V
incomplete request from . ;
APP an increase in
) ATCO’s workload.
Task executed in
wrong direction
ATCO performs
other tasks
when s/he is .
Wrong task v meant to a/c departure is v viv
executed delayed
request
departure from
APP.
ATCO requests
departure from | Increased
Task repeated APP multiple workload v Vv
times.
Task executed on
wrong interface
element
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Task executed too ATCO requests
carly \% APP departure No impact \% V|V
too early.
Increased
coordination
Task executed too ATCO requests with APP
\% departure from . \'4 V|V
late required ->
APP too late. .
increased
workload.
Task executed too
much
Task executed too
little
Misread
information
Other

Scenario: Departure Procedure

Task step 3.4: Line up instruction/ Scan airport runway

e Likelihood | Criticality
Error Mode TICK | Description Outcome HiMlLlolmliL PASS | CAUTION
Runway
Fail to execute v ATCO does not incursion - miss vivlv v v
scan runway. obstacle on the
runway.
. ATCO fails to Runway =
Task execution incursion - miss
. scan runway VI V|V Vv A%
incomplete obstacle on the
thoroughly.
runway.
Task executed in
wrong direction
ATCO performs | Runway
Wrong task v other task and incursion - miss vivlv v v
executed does not scan obstacle on the
runway. runway.
I
Task repeated continually . p: P \Y% ViV
interaction with
scans runway. )
other interfaces.
Task executed on fE:M?aSCZ? i ﬁll::?l‘ll‘vsallzn - miss
wrong interface \4 . Y VI V|V \' \'
incorrect obstacle on the
element .
airport. runway.
Task executed too ATCO scans ATCO scans
carly \ runway too runway again. \ V|V
early. Time consuming.
ATCO fails to Runway =
Task executed too incursion - miss
\% scan runway at VI V|V Vv A"
late o obstacle on the
this time.
runway.
Continuous Less interaction
Task executed too scanning of with other \Y% VA%
much .
runway. interfaces.
ATCO does not Bunwa_ly .
Task executed too incursion - miss
. scan runway VI V|V Vv A"
little obstacle on the
thoroughly.
runway.
Mlsread . AT(_)O fails to Bunwa_ly _ vivlv v v
information notice incursion - miss

23
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obstruction on
runway.

obstacle on the
runway.

Other

* .ifan
increase in the
workload
occurs = the
likelihood of
certain error
modes may
increase as well

Scenario: Departure Procedure

Task step 3.5: Line up instruction/ Scan the other airport

OTW+RDP
I Likelihood | Criticality
Error Mode TICK | Description Outcome HIiMILIaIMIL PASS | CAUTION
Runway
incursion - miss
ATCO does not obstacle on the
Fail to execute \' scan the airport runway. Lack of VIV, |V \' \'
or look at RDP. situational
awareness
regarding the
other airport.
Runway
incursion - miss
ATCO fails to obstacle on the
'_I‘ask execution scan the other runway. Lack of vIviv v v
incomplete airport situational
thoroughly. awareness
regarding the
other airport.
Runway
incursion - miss
ATCO scans obstacle on the
Task executed in OTW and RDP runway. Lack of
o . . V| V]|V \ \'%
wrong direction at wrong situational
airport. awareness
regarding the
other airport.
Time consuming
and impacts upon
ATCO interaction with
Wrong task v continually other interfaces. v viv
executed scans OTW and | Distracts from
RDP. attending to
situation in other
airports.
Time consuming
and impacts upon
ATCO scans intera.ction with
Task repeated OTW and RDP ot_her interfaces. \% V|V
multiple time. Dlstra(fts from
attending to
situation in other
airports.
Task executed on
wrong interface \%
element
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Task executed too ATCO scans ATCO scans OTW
earl \% OTW and RDP and RDP again. \% V|V
Y too early. Time consuming.
Runway
incursion - miss
ATCO fails to obstacle on the
Task executed too v scan OTW and r}mwa.\y. Lack of vivlv v v
late RDP at this situational
time. awareness
regarding the
other airport.
Time consuming
and impacts upon
. interaction with
Continuous .
Task executed too . other interfaces.
much scanning of Distracts from v Vv
OTW and RDP. .
attending to
situation in other
airports.
Runway
incursion - miss
Task executed too ATCO does not I?Erslf/i;le E:ctl?gf
; scan OTW and unway. VIv]|v v v
little situational
RDP thoroughly.
awareness
regarding the
other airport.
ATCO fails to Runway
Hotice incursion - miss
. obstacle on the
Misread obstruction on runway. Lack of
. . OTW and take . ! V| V]|V \' \%
information . situational
cognizance of
. o awareness
aircraft position .
regarding the
on RDP. .
other airport.
Other

Scenario: Departure Procedure

Task step 4.1: Take off instruction/ Scan the airport runway

e Likelihood | Criticality
Error Mode TICK | Description Outcome HIMILlgIMIL PASS | CAUTION
Runway
Fail to execute v ATCO does not incursion - miss vivlv v v
scan runway. obstacle on the
runway.
. ATCO fails to Runway =
Task execution incursion - miss
. scan runway VI V|V Vv A"
incomplete obstacle on the
thoroughly.
runway.
Task executed in
wrong direction
ATCO performs | Runway
Wrong task v other tasks and | incursion - miss vivlv v v
executed does not scan obstacle on the
runway airport. | runway.
ATCO and impacts upen
Task repeated continually . b: P \Y% ViV
interaction with
scans runway. )
other interfaces.
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ATCO scans Runway
Task executed on runway at incursion - miss
wrong interface \Y% . Y VAR'ARY Vv \'%
incorrect obstacle on the
element .
airport. runway.
ATCO scans ATCO scans
Task executed too .
carly \% runway too runway again. \% VIV
early. Time consuming.
. R
ATCO fails to . unwa_ly .
Task executed too incursion - miss
\Y scan runway at VI V|V \' \'%
late o obstacle on the
this time.
runway.
Task executed too Contir}uous Le_ss interaction
scanning of with other
much .
runway. interfaces.
R
ATCO does not . unwa_ly .
Task executed too incursion - miss
. scan runway VI V|V \' \'%
little obstacle on the
thoroughly.
runway.
ATCO fails to Runway
Mi d i . C
! isrea . notice . incursion - miss v vy v v
information obstruction on obstacle on the
runway. runway.
* .ifan
increase in the
workload
occurs - the
Other o 1.
likelihood of
certain error
modes may

increase as well

Scenario: Departure Procedure

Task step 4.2: Take off instruction/ Issuance take off clearance

Likelihood

Criticality

Error Mode TICK | Description Outcome HiMlLlolmliL PASS | CAUTION
ATCO fails to .
Fail to execute \Y% issue take off Aircraft delayed \Y% VA%
on the runway.
clearance.
ATCO issues Confirmation
. : sought by the
Task execution incomplete . .
. pilot leading to \% V|V
incomplete take-off . ;
clearance an increase in
) ATCO’s workload.
Task executed in
wrong direction
ATCO performs
other tasks .
Wrong task v when he meant a/c departure is v viv
executed , delayed
to issue take off
clearance.
ATCO issues
Task repeated take off Increased v viv
clearance workload
several times.
Take off
Task executed on instruction
wrong interface \Y% issued on the VI V|V \'
element wrong
frequency
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ATCO issues
Task executed too v take off No impact v viv
early clearance too
early.
Increased
ATCO issues coordination
Task executed too v take off with APP v
late clearance too required ->
late. increased
workload.

Task executed too
much

Task executed too
little

Misread
information

Other

Scenario: Departure Procedure

Task step 4.3: Take off instruction/ Interact with EFS

I Likelihood | Criticality
Error Mode TICK | Description Outcome HIiMILIaIMIL PASS | CAUTION
EFS does not
accurately
Fail to execute v No strip moved r_epre.sent traffic v viv
on EFS. situation. No
indication
Runway blocked
Task execution
incomplete
EFS does not
Inserting strip accurately
Task executed in into an represent traffic
o . . . \' VIV
wrong direction incorrect bay on | situation. No
EFS. indication
Runway blocked
EFS does not
accurately
Wrong task v Incorrect strip represent traffic
executed moved. situation. No
indication
Runway blocked
Task repeated
Task executed on
wrong interface \Y% \Y% A%
element
EFS does not
Task executed too Strip is put too accurately
\' ) \' VIV
early early. represent traffic
situation
EFS does not
accurately
Task executed too Strip is put too represent traffic
\' . . \' VIV
late late. situation. No
indication
Runway blocked.
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Task executed too
much

Task executed too
little

Misread
information

Other

Scenario: Departure Procedure

Task step 4.4: Take off instruction/ Scan the other airport

OTW+RDP
e Likelihood | Criticality
Error Mode TICK | Description Outcome HiMlLlolmliL PASS | CAUTION
Runway
incursion - miss
ATCO does not obstacle on the
Fail to execute \Y% scan the airport runway. Lack of ARR'ARY \% \'%
or look at RDP. situational
awareness
regarding the
other airport.
Runway
incursion - miss
ATCO fails to obstacle on the
Task execution sFan the other r}mwa.\y. Lack of vivlv v v
incomplete airport situational
thoroughly. awareness
regarding the
other airport.
Runway
incursion - miss
ATCO scans obstacle on the
Task executed in OTW and RDP runway. Lack of
o . . VI V| Vv \Y \%
wrong direction at wrong situational
airport. awareness
regarding the
other airport.
Time consuming
and impacts upon
ATCO interaction with
Wrong task v continually other interfaces. v viv
executed scans OTW and | Distracts from
RDP. attending to
situation in other
airports.
Time consuming
and impacts upon
ATCO scans interaf:tion with
Task repeated OTW and RDP ot_her interfaces. \Y% A%
multiple time. Dlstrac.ts from
attending to
situation in other
airports.
Task executed on
wrong interface \Y%
element
Task executed too ATCO scans ATCO scans OTW
carly \% OTW and RDP and RDP again. \% V|V
too early. Time consuming.
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Runway
incursion - miss

ATCO fails to obstacle on the
Task executed too scan OTW and runway. Lack of
late v RDP at this situational Viivv v v
time. awareness
regarding the
other airport.
Time consuming
and impacts upon
Continuous interaction with
Task executed too . other interfaces.
much scanning of Distracts from v Vv
OTW and RDP. -
attending to
situation in other
airports.
Runway
incursion - miss
Task executed too ATCO does not ;’:rslfj;;le E:cilce)f
. scanOTWand | - oway: v v|v v v
little situational
RDP thoroughly.
awareness
regarding the
other airport.
ATCO fails to Runway
- incursion - miss
notice
. obstacle on the
Misread obstruction on runway. Lack of
. . OTW and take . 7 VI V|V \ \'%
information . situational
cognizance of
. o awareness
aircraft position ding the
on RDP. regarcing
other airport.
Other
) Task step 5.1: Monitor take-off roll/ Monitor take off
Scenario: Departure Procedure
roll/departure
e Likelihood | Criticality
Error Mode TICK | Description Outcome HiMlLlolmliL PASS | CAUTION
ATCO fails to Loss of
Fail to execute \% monitor situational VI V|V \Y A%
position. awareness.
ATCO fails to
. accurately Loss of
'_I‘ask execution monitor take off | situational VI V|V \ \'%
incomplete
roll/departure awareness
position.
Task executed in
wrong direction
ATCO looks at
Wrong task one airport Loss of
executed v instead of the situational Viiviv v v
awareness
other.
Time consuming,.
Impacts upon
Task repeated A_TCO looks_at available time to \ V|V
aircraft again. .
monitor other
interfaces

29
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Task executed on

wrong interface \%
element
ATCO to monitor
take off
roll/departure
again - Time
Task executed too Aircraft notyet | consuming.
\' ) \' VIV
early taxing. Impacts upon
available time to
monitor take off
roll/departure
other interfaces
ATCO doesn’t
Task executed too monitor take off Loss of
\Y% situational VI V|V \' \'%
late roll/departure
X awareness
taxing enough.
Time consuming.
Impacts upon
Task executed too ATC(.) available time to
continuously \% V|V

much

looks at aircraft.

monitor take off
roll/departure
other interfaces.

Task executed too
little

Misread

information
...if an increase
in the workload
occurs - the

Other likelihood of
certain error
modes may

increase as well

Scenario: Departure Procedure

Task step 5.2: Monitor take-off roll/ Scan the other airport

OTW+RDP
e Likelihood | Criticality
Error Mode TICK | Description Outcome HiMlLlolmliL PASS | CAUTION
Runway
incursion - miss
ATCO does not :Erslf;l;le E:Cilz f
Fail to execute \% scan the airport . .y. V| V]|V \% A"
situational
or look at RDP.
awareness
regarding the
other airport.
Runway
incursion - miss
ATCO fails to obstacle on the
Task execution sFan the other r}mwally. Lack of vivlv v v
incomplete airport situational
thoroughly. awareness
regarding the
other airport.
ATCO scans ﬁll::?l‘ll‘vsallzn - miss
Task exe.cute.d in OTW and RDP obstacle on the vivlv v v
wrong direction at wrong
. runway. Lack of
airport. . .
situational
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awareness
regarding the
other airport.

Time consuming
and impacts upon

ATCO interaction with
Wrong task continually other interfaces.
executed scans OTW and Distracts from
RDP. attending to
situation in other
airports.
Time consuming
and impacts upon
ATCO scans intera.ction with
Task repeated OTW and RDP other interfaces.

multiple time.

Distracts from
attending to
situation in other
airports.

Task executed on
wrong interface

element
Task executed too ATCO scans ATCO scans OTW
earl OTW and RDP and RDP again.
Y too early. Time consuming.
Runway
incursion - miss
ATCO fails to obstacle on the
Task executed too scan OTW and runway. Lack of
late RDP at this situational
time. awareness
regarding the
other airport.
Time consuming
and impacts upon
Continuous interaction with
Task executed too . other interfaces.
much scanning of Distracts from
OTW and RDP. -
attending to
situation in other
airports.
Runway
incursion - miss
ATCO does not obstacle on the
Task executed too runway. Lack of
little scan OTW and situational
RDP thoroughly.
awareness
regarding the
other airport.
. R
ATCO fails to sunway .
Hotice incursion - miss
. obstacle on the
Misread obstruction on runway. Lack of
. ) OTW and take Lo
information . situational
cognizance of
. o awareness
aircraft position .
regarding the

on RDP.

other airport.

Other
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Scenario: Departure Procedure

Task step 6.1: Handover to the next ATS unit/ Issue transfer
clearance to the next ATS unit

L Likelihood | Criticality PASS
Error Mode TICK | Description Outcome q MILIaIMIL CAUTION
ATCO fails to
issue transfer .
Fail to execute Vv clearance to Aircraft delayed \Y V|V
the next ATS on handover.
unit.
ATCO issues Confirmation
incomplete sought by the
Task execution transfer pilot leading to v v|v
incomplete clearance to an increase in
the next ATS ATCO’s
unit. workload.
Task executed in
wrong direction
ATCO
performs
other tasks
Wrong task v Vn:}elzlr:thtf) a/c handover is v viv
executed . delayed
issue transfer
clearance to
the next ATS
unit.
ATCO issues
transfer
clearance to Increased
Task repeated the next ATS workload v ViV
unit several
times.
Task executed on
wrong interface \
element
ATCO issues
transfer
Z;:]l; executed too Vv clearance to No impact \Y V|V
the next ATS
unit too early.
ATCO issues [ncreallsed_
transfer coordination
Task executed too with APP
late \Y clearance to required ->
the next ATS .
unit too late. increased
workload.
Task executed too
much
Task executed too
little
Misread
information
Other

Scenario: Departure Procedure

Task step 6.2: Handover to the next ATS unit/ Interact with EFS

Error Mode

TICK

Description

Outcome

Likelihood

Criticality

H{M|L

HlM]|L

PASS

CAUTION
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EFS does not
accurately
. No strip moved rfepre.sent traffic
Fail to execute situation. No
on EFS. e
indication
aircraft is
transferred.
Task execution
incomplete
Inserting strip EFS does not
Task executed in into an accurately
wrong direction incorrect bay on | represent traffic
EFS. situation.
EFS does not
Wrong task Incorrect strip accurately
executed moved. represent traffic
situation.
Task repeated
Task executed on
wrong interface
element
EFS does not
Task executed too Strip is put too accurately
early early. represent traffic
situation
EFS does not
accurately
Task executed too Strip is put too represent traffic
late late. situation. No
indication
Runway blocked.

Task executed too
much

Task executed too
little

Misread
information

Other
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HET Template Arrival Procedure

| 11ATCAnswer Phone ]‘

l 1.2 Record Transponder Code -+

| APPENDIX C Notes from the Hazard Identification and Initial Analysis HET

[ 1.3 Make crosscheck onother airport ]1.

l 1.4 Insert Stripinto arrival sequence +

[ 2.1 Acknowledzement Callplusreply |+

A

J
J

l 2.2 Assume EFSfor aircraft

Step 1
Coordination call received from
APP Controller

[ 2.3 Make crosscheck onother airport ]:

| 2.4 Cross check position of RDP

e

-

2.5 Utilizethe OTW picture to idertify )
aircraft onapproach

2.6 Scan predicted aircraft tradk using |
the OTW picture

e

3.1 Scan Runway for obstructions ]'l

3.2 Transmit Landing Clearance ]"

Step 2
First Contact with Arriving Aircraft

"

l 3.3 Record Clearanceto land on EFS ]"
[ 3.4 Make crosscheck onother airport J

| 4.1 Scan Runway Jq

(4.2 Scan anemometer for surface ]‘
I wind vector

Step 3
Landing Clearance Issuance

[ 4.3 Make crosscheck onother airport ]:

l 4.4 Scan Runway ]-c

(45 Monitor aircraft touchdown plus ]‘
roll J

Step 4
Monitor Arriving Aircraft

Step 5
Aircraft Runway Vacate

|' 5.1 Issuerunway exit plustaxiroute ]1
[ 5.2 Make crosscheck onother airport ]:
[ 5.3 Confirm rurway vacated ]1
[ 5.4 Record runway vacated on EFS ]i
[ 6.1 Check Stand ]'!
|J £.2 Issue tax route ]“
[ 6.3 Make cross check onother aiport ]"'

] «

[ 6.4 Record parked

R —
ATC actions

[:] forthe second
airport

Step 6
Taxi instruction to stand
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Scenario: Arrival Procedure

Task step 1.1: Coordination call received from APP Controller/

Answer phone

o Likelihood Criticality
Error Mode TICK | Description Outcome HIMI L HIMIL PASS CAUTION
ATCO not able to | Lack of
Fail to answer the coordination and
Vv ) . \Y VIV
execute phone due to information
workload deficit
Task Message not full Incomplete
execution \% . 5 y . P . V|V V|V
. received information
incomplete
Task executed Failure to
in wrong \Y identify the Momentary \Y V|V
direction correct source confusion
Wrong task v Call-sign/SSR Incorrect coupling v vy
executed confusion
Coordination Distraction and
Task repeated | V repeated tlrpe consuming AR Y% V|V
might increase
workload
Task executed
on wrong
interface
element
Task executed
too early
ATCO not able to
Lack of
Task executed answer the L
\% L coordination and \Y VIV
too late phone in time time consumin
due to workload g
Task executed
too much
Task executed
too little
. Misinterpretation | Wrong runway
Mlsread . \' of runway selection V|V \% \%
information . ;
information
Other

Scenario: Arrival Procedure

Task step 1.2: Coordination call received from APP Controller/

Record transponder code

Error Mode TICK | Description Outcome é‘ 1ke;/1[hoog }({: rltllf/? ht{ PASS | CAUTION
Fail to The transponder | No Squawk
\ de is notinput | correlation \Y V|V
execute co p
Task
execution
incomplete
Task executed SSR code Incorrect
in wrong \' assigned to . \%4 V|V
direction wronga/c correlation
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Wrong task
executed

SSR code
assigned to
wronga/c

Incorrect
correlation

Task repeated

Task executed
on wrong
interface
element

Task executed
too early

Task executed
too late

Delayed
inputting of the
SSR code

Delayed display of
the callsign

Task executed
too much

Task executed
too little

Misread
information

Wrong squawk
assigned

No correlation on
the FDP v

Other

Scenario: Arrival Procedure

Task step 1.3: Coordination call received from APP Controller/Make

check of the other airport

. Likelihood Criticality
Error Mode TICK | Description Outcome HIMILl & ML PASS | CAUTION
; No check on Possible Runway
Fail to v - X X v viv
execute other airport incursion
Task .
execution v Incomplete_ scan ?0551b.le Runway v viv
) the other airport | incursion
incomplete
Task executed
in wrong
direction
Scanning one
Wrong task airport thinking Possible Runway
\ o . . \' VIV
executed it is the other incursion
airport
Repeated scan of ) .
Task repeated | V the other airport Time consuming \Y VIV
Task executed Scanning one
on wrong airport thinking Possible Runway
. v o . . v V|V
interface itis the other incursion
element airport
Scanning of the Increased
Task executed other airport is workload as
\ \ VIV
too early done at an early subsequent scans
stage will be carried out
Scanmr_lg of tbe Delayed
Task executed other airportis . .
\ situational \ VA%
too late done at a later
awareness
stage
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Task executed

Repeated scan of

too much v the other airport Time consuming v Vv
Task executed Incomplete scan Possible Runway
. Vv . : . \' VIV
too little the other airport | incursion
Scanning without | Possible Runway
. paying sufficient | incursion
Mlsread . \' attention and V|V \' \%
information o
thereby missing
an obstruction
Other

Scenario: Arrival Procedure

Task step 1.4: Coordination call received from APP Controller/ Insert
strip into ARR sequence

o Likelihood Criticality
Error Mode TICK | Description Outcome HIMI L Ial ML PASS | CAUTION
No strip moved EFS does not
Fail to into the ARR accurately
\ ) \ A%
execute sequence represent traffic
situation
Task
execution
incomplete
Task executed Inserting strip EFS does not
. . . accurately
in wrong \' into an incorrect ) \' V|V
. . represent traffic
direction bay on EFS . .
situation
. EFS does not
Wrong task Incorrect strip accurately
8 \% moved into the . \% V|V
executed represent traffic
ARR sequence . .
situation
Task repeated
Task executed
on wrong
interface
element
Strip is put too EFS does not
Task executed carly in the ARR accurately _ v viv
too early represent traffic
sequence . .
situation
o EFS does not
Task executed Strip s put too accuratel
late in the ARR y o v V(v
too late represent traffic
sequence ) -
situation
Task executed
too much
Task executed
too little
Incorrect arrival EFS does not
) sequence accurately
Mlsread . represented on represent traffic VI VvV |V \Y \%
information . .
EFS situation
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Other

Scenario: Arrival Procedure

Task step 2.1: First Contact with arriving aircraft/ Acknowledge call

+ reply
o Likelihood Criticality
Error Mode TICK | Description Outcome HIMIL laImlL PASS | CAUTION
Fail to ATCO does not Aircraft must call
\Y acknowledge and | again. \Y V|V
execute )
reply to aircraft
Task ) ATCO does not Aircraft must call
execution v acknowledge and .
. . again.
incomplete reply to aircraft.
Task executed
in wrong
direction
Wrong task ATCO replies to Aircraft must call
\ . . \ V|V
executed wrong aircraft. again.
ATCO
Task repeated | V acknowledges Time consuming. \' V|V
aircraft again.
Zﬁs\l;:;{scuted ATCO Replies to Increase workload
. g \% aircraft on wrong | having to repeat \% V|V
interface o
frequency the transmission
element
ATCO calls Repeat
Task executed v aircraft before it | transmission v vIv
too early has been handed | when aircraft
over. calls.
ATCO does not
Task executed acknowledge and | Aircraft will call
\ ) - \' V|V
too late reply to aircraft again.
immediately.
Task executed
too much
Task executed
too little
ATCO replies to Wrong aircraft
wrong aircraft. will query the call
) and right.
Misread v Aircraft will call V|V Vv
information . o
again resulting in
higher RT
workload
Other

Scenario: Arrival Procedure

Task step 2.2: First Contact with arriving aircraft/ Assume EFS for

aircraft

Error Mode

TICK

Description

Outcome

Likelihood

Criticality

HI{M| L

H|{M]|L

PASS

CAUTION
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ATCO fails to EFS does not
Fail to v assume relevant | accurately v v v
execute Strip in EFS. represent traffic
situation
Task ATCO fails to EFS do:s] not
execution Vv assume relevant accurately . \' ViV
) . represent traffic
incomplete Strip in EFS. . .
situation
Task executed
in wrong
direction
Wrong task ATCO assumes Efcsu(:;)fesl -
g v Strip for y 1 v|v
executed . ) represent traffic
incorrect flight. . .
situation.
Task repeated
Task executed
on wrong
interface
element
Task executed ATCO Assumes Efcsu(:gfesl -
\Y Strip before flight Y ) \' V|V
too early . represent traffic
becomes active. . .
situation.
ATCO fails to EFS does not
Task executed v assume Strip accurately v vIv
too late when flight represent traffic
becomes active. situation.
Task executed
too much
Task executed
too little
. ATCO might Impaired
Mlsread . \' assume Strip for | awareness of \Y \% \%
information . . . .
incorrect flight situation
Other

Scenario: Arrival Procedure

Task step 2.3: First Contact with arriving aircraft/ Make check to the

other airport

o Likelihood Criticality
Error Mode TICK | Description Outcome HIMIL laImlL PASS | CAUTION
; No check on the Possible Runway
Fail to v - ) ) v v v
execute other airport incursion
Task .
execution v Incomplete scan .Possm.le Runway v vIv
. of the Runway incursion
incomplete
Task executed
in wrong
direction
Scanning current
Wrong task airport thinking Possible Runway
\% o ) . v VIV
executed itis the other incursion
airport
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Repeated scan of

Task repeated | V . Time consuming \Y VIV
the other airport
Task executed Scanning current
on wrong airport thinking Possible Runway
. \' . . . \ V|V
interface it is the other incursion
element airport
Scanning of the Increased
Task executed other airport is workload as
\Y \ V|V
too early done at an early subsequent scans
stage will be carried out
Scannlr_lg of tbe Delayed
Task executed other airportis . .
\Y situational \Y V|V
too late done at a later
awareness
stage
Task executed Repeated scan of . .
too much v the other airport Time consuming v ViV
Incomplete scan .
Task_ executed v of the the other ?0551b.le Runway v lv v v
too little . incursion
airport
Scanning without | Possible Runway
. paying sufficient | incursion
Mlsread . \' attention and V|V \ \%
information .
thereby missing
an obstruction
Other
Scenario: Arrival Procedure Taslf §tep 2.4: First Contact with arriving aircraft/Cross check
position on RDP
. Likelihood Criticality
Error Mode TICK | Description Outcome HiMIlLl o ML PASS | CAUTION
Fail to ATCO does not Delayed
\Y look at RDP situational \Y V|V
execute
awareness
Task ATCO look_s at Delayed
. RDP but fails to . .
execution \% e situational \% VIV
. comprehend “Big
incomplete . i awareness
Picture
Task executed
in wrong
direction
. Delayed
Wrong task \Y _Lookmg at situational \Y V|V
executed incorrect RDP.
awareness
ATCO continually . .
Task repeated | V looks at RDP. Time consuming. \Y V|V
z‘isvtfé(scuted ATCO interacts Delayed
in terfaceg \Y with OTW situational \Y V|V
instead of RDP. awareness
element
ATCO looks at . .
RDP before flight Require .checkmg
. . RDP again when
Task executed information has . .
\Y information on \Y V|V
too early been passed by . i
. flight received.
adjacent ATC . .
. Time consuming.
Unit.
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ATCO does not

Task executed look at RDP when D.elay_ed
Vv . . . situational \Y V|V
too late flight information
. awareness
received.
Less interaction
with other
Task executed v Continuous interfaces v v v
too much looking at RDP. therefore reduced
awareness of
traffic.
ATCO not looking
Task executed at RDP or fully D.elayfed
. . situational \ V|V
too little comprehending
PRI ” awareness
Big Picture
Incorrectly Incorrect
Misread assess aircraft workload
information v speed from RDP. | prioritisation ViIviy v v v
Other

Scenario: Arrival Procedure

Task step 2.5: First Contact with arriving aircraft/ Utilize OTW

picture to locate A/C on approach

o Likelihood Criticality
Error Mode TICK | Description Outcome HImMlLl g ImlL PASS | CAUTION
Fail to ATCO does not No significant
execute \Y observe aircraft impact on \Y V|V
OTW. operations.
Task ATCO IO.OkS at No significant
. OTW without .
execution Vv . impact upon Vv ViV
incomplete comprehending operations
“Big Picture” )
Task executed
in wrong
direction
) Delayed
Wrong task \Y _Lookmg at situational \Y V|V
executed incorrect OTW.
awareness
Time consuming
ATCO continually | and impacts upon
Task repeated | V looks at OTW. interaction with v ViV
other interfaces.
Zﬁs\l;:;{scuted ATCO interacts Delayed
. g \% with RDP instead | situational \% V|V
interface
of OTW. awareness
element
ATCO looks at . .
OTW before Require c.heckmg
C . OTW again when
Task executed flight information | . .
\' information on \ V|V
too early has been passed . .
: flight received.
by adjacent ATC ) .
. Time consuming.
Unit.
ATCO does not
look at OTW Delayed
Task executed \' when flight situational \ V|V
too late . .
information awareness
received.
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Less interaction

Task executed Continuous .
too much v looking at OTW. Wlth other v v v
interfaces.
ATCO does not
look at OTW Delayed
Task_ executed \% when flight situational \% \%
too little . .
information awareness
received.
Misjudging the Delayed
Mlsread . v !ocatlon ofan situational v Iiviv v v Vv
information inbound flighton | awareness.
OTW.
Other

Scenario: Arrival Procedure

Task step 2.6: First Contact with arriving aircraft/ Scan predicted

A/C track using OTW
o Likelihood Criticality
Error Mode TICK | Description Outcome HIMI L el ML PASS | CAUTION
ATCO fails to No significant
Fail to v scan predicted impact on v viv
execute track of inbound | operations.
A/COTW.
ATCO fails to Task will be
execution \' p V|V V|V
. from present
incomplete s
position to
touchdown.
Task executed
in wrong
direction
. Delayed
Wrong task Scanning . .
executed v incorrect OTW. situational v ViV
awareness
ATCO continually | Time consuming
Task repeated | V lOOkS. at .?md 1mp_acts u_pon \' V|V
predicted track interaction with
OTW. other interfaces.
z‘isvtfé(scuted ATCO interacts Delayed
. 5 \' with RDP instead | situational \Y V|V
interface
of OTW. awareness
element
ATCO looks at . .
OTW before Require c.heckmg
- . OTW again when
Task executed flight information | . .
\' information on \ VA%
too early has been passed . i
. flight received.
by adjacent ATC ) .
: Time consuming.
Unit.
ATCO does not
look at OTW Delayed
Task executed when or . .
\ . . situational \ VA%
too late immediately Awareness
after flight makes
first contact.
. Less interaction
Task executed v Cont.muous with other v viv
too much looking at OTW. )
interfaces.
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ATCO does not
scan predicted

Task executed track OTW or D.elay_ed
. v . situational \' VA%
too little fails to
awareness
thoroughly scan
predicted track.
Incorrectly Delayed
. identify situational
?:Illfi)rrfigtion \Y predicted track awareness. \Y V|V
of inbound flight
OTW.
Other

Scenario: Arrival Procedure

Task step 3.1: Landing Clearance Issuance/ Scan Rwy for obstruction

o Likelihood Criticality
Error Mode TICK | Description Outcome HIMIL lalmlL PASS | CAUTION
. ATCO does not Runway incursion
Fail to .
\ scan runway. - miss obstacle on vV |V \Y%
execute
the runway.
\'
Task ATCO fails to Runway incursion (depends
execution \Y scan runway - miss obstacle on VI v |V \% on the
incomplete thoroughly. the runway. traffic
scenario)
Task executed
in wrong
direction
ATCO scans Runway incursion
Wrong task .
\Y runway at wrong | - miss obstacle on vV |V \%
executed .
airport. the runway.
Time consuming
Task repeated | V ATCO continually gnd 1mp_acts upon v v v
scans runway. interaction with
other interfaces.
z‘is‘l/\(/re;(r?cuted ATCO scans Runway incursion
) & \' runway at - miss obstacle on V |V \%
interface . .
incorrect airport. | the runway.
element
Task executed v ATCO scans Time consuming. v vIv
too early runway again.
ATCO fails to Runway incursion
Task executed .
\ scan runway at - miss obstacle on vV |V \Y%
too late o
this time. the runway.
Task executed Continuous Less interaction
\Y scanning of with other \Y \% \%
too much )
runway. interfaces.
ATCO does not Runway incursion
Task executed .
. v scan runway - miss obstacle on vV |V \Y%
too little
thoroughly. the runway.
ATCO fails to Runway incursion
Misread notice - miss obstacle on .
. . \' . \' \' \'
information obstruction on the runway.
runway.
Other
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Scenario: Arrival Procedure

Task step 3.2: Landing Clearance Issuance/ Transmit landing

clearance
o Likelihood Criticality
Error Mode TICK | Description Outcome HIMI L lH ML PASS | CAUTION
Fail to ATCO fails to Aircraft
\Y transmit landing | requests/confirms \Y V|V
execute .
clearance. landing clearance.
Landing
Task clearance issued | Aircraft
execution \Y without queries/confirms \Y V|V
incomplete appropriate landing clearance.
aircraft callsign.
Aircraft inbound
acknowledges
clearance. Airport
Task executed Landing runway might not
. . have been
in wrong \ clearance issued . vV |V \Y%
. . . scanned at this
direction to wrong aircraft. . .
time - possible
obstacle
unobserved on
runway.
Wrone task Aircraft cleared Aircraft
8 \Y to land at wrong queries/confirms \Y V|V
executed . .
airport. landing clearance.
Landing
Task repeated | V clearance Time consuming. \Y V|V
reissued.
el |l ed | At
. 5 requests/confirms V|V \Y
interface on wrong .
landing clearance.
element frequency
Landing . .
. Runway incursion
Task executed clearance issued .
\Y - miss obstacle on V |V \%
too early before runway
the runway.
scanned.
Task executed Landing . Aircraft )
\Y clearance issued | requests/confirms \Y V|V
too late .
late. landing clearance.
Task executed
too much
Task executed
too little
Aircraftinbound | Airport runway
reads back might not have
Misread v landing clearance | been scanned - v |v v
information for aircraft possible obstacle
inbound to the unobserved on
other airport. runway.
Other

Scenario: Arrival Procedure

Task step 3.3: Landing Clearance Issuance/ Record clearance to land

on EFS
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o Likelihood Criticality
Error Mode TICK | Description Outcome TREY L HIMIL PASS CAUTION
ATCO fails to EFS does not
Fail to record landing accurately
Vv clearance on represent traffic Vv VIV
execute .. . .
relevant Strip in situation.
EFS.
ATCO fails t.o EFS does not
Task record landing accuratel
execution \% clearance on y . \% VIV
. . represent traffic
incomplete relevant Strip in . .
situation
EFS.
Task executed
in wrong
direction
Clearance to land | EFS does not
Wrong task v recorded on accurately v v v
executed wrong flight represent traffic
strip. situation.
Task repeated
Task executed
on wrong
interface
element
Clearance to land | EFS does not
Task executed recorded on EFS | accurately
Vv . ) Vv VIV
too early before being represent traffic
issued to aircraft. | situation.
Task executed ATCO records Efcsu(:gfesl o
\% clearance to land y . \% V|V
too late represent traffic
on EFS late. . .
situation.
Task executed
too much
Task executed
too little
Misread
information
Other

Scenario: Arrival Procedure

Task step 3.4: Landing Clearance Issuance/ Make cross check on the

other airport

o Likelihood Criticality

Error Mode TICK | Description Outcome HIMI L I H ML PASS | CAUTION

; No check on the Possible Runway
Fail to v - X X v v v
execute other airport incursion
Task Incomplete scan .
execution \Y of the on the ?OSSlb.l e Runway \' V|V
. . incursion
incomplete other airport
Task executed
in wrong

direction
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Scanning current

Wrong task airport thinking Possible Runway
v o ) . \ VIV
executed itis the other incursion
airport
Repeated scan of
Task repeated | V on the other Time consuming \Y V|V
airport
Task executed Scanning current
on wrong airport thinking Possible Runway
. v o ) . \ VIV
interface itis the other incursion
element airport
Scanning of on Increased
Task executed the other airport | workload as
\ . \ V|V
too early is done at an subsequent scans
early stage will be carried out
Scannlr_lg of tbe Delayed
Task executed other airportis . .
\ situational \ V|V
too late done at a later
awareness
stage
Task executed v Repeated scan of Time consuming v v v
too much the other airport
Task executed Incomplete scan Possible Runway
. v . . \ VIV
too little of the Runway incursion
Misread v Scarlming wit}_lout .Possib.le Runway v v v
information paying attention | incursion
Other

Scenario: Arrival Procedure

Task step 4.1: Monitor Arriving aircraft/ Scan Rwy

L Likelihood Criticality
Error Mode TICK | Description Outcome HIMIL lHIMIL PASS | CAUTION
. ATCO does not Runway incursion
Fail to .
\ scan runway. - miss obstacle on vV |V \Y%
execute
the runway.
Task ATCO fails to Runway incursion
execution Vv scan runway - miss obstacle on vVviv [V \% A"
incomplete thoroughly. the runway.
Task executed
in wrong
direction
ATCO scans Runway incursion
Wrong task -
\Y runway at wrong | - miss obstacle on vV |V \%
executed .
airport. the runway.
Time consuming
Task repeated | V ATCO continually gnd 1mp_acts upon v v v
scans runway. interaction with
other interfaces.
Z‘fls‘l;:;(r?cuted ATCO scans Runway incursion
) & \' runway at - miss obstacle on vV |V \%
interface . .
incorrect airport. | the runway.
element
Task executed ATCO scans ATCO seans
\' runway again. \' V|V
too early runway too early. : .
Time consuming.
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Task executed

ATCO fails to

Runway incursion

\Y scan runway at - miss obstacle on VI v |V \% A%
too late o
this time. the runway.
Task executed Continuous Less interaction
\' scanning of with other \' \Y% \Y%
too much )
runway. interfaces.
ATCO does not Runway incursion
Task executed .
. \' scan runway - miss obstacle on vV |V \%
too little
thoroughly. the runway.
ATCO fails to Runway incursion
Mlsread . v notice _ - miss obstacle on viv lv v v
information obstruction on the runway.
runway.
Other

Scenario: Arrival Procedure

Task step 4.2: Monitor Arriving aircraft/ Scan anemometer issue

surface wind vector

Likelihood Criticality
Error Mode TICK | Description Outcome PASS CAUTION
p HIM|L |H[M]|L
ATCO fails to Pilot unaware of
pass wind vector | wind vector
Fail to v mforlmatl_on to 1nf0rm_at10n and v v v v v
execute landing aircraft. potential
associated
hazards.
Pilot unaware of
Task ATCO issues wind vector
. incomplete wind | information and
execution \% . \% Vv Vv
. vector potential
incomplete . . .
information. associated
hazards.
. Pilot f
Wind vector 1. ot unaware o
. . wind vector
Task executed information . .
. . . information and
in wrong \ issued to aircraft . \ \Y% \Y%
. . . potential
direction landing at the :
other airport associated
port. hazards.
The other .
. .. Pilot unaware of
airport’s wind .
vector wind vector
A% task . . inf ti d
rong tas v information fntormation an \% \Y% \Y% \'%
executed . . potential
issued to aircraft .
landing at the associated
. g hazards.
airport.
ATCO reissues
Task repeated | V wind vector Time consuming. \ V|V
information.
Task executed
on wrong
interface
element
Task executed
too early
. Pilot unaware of
ATCO first issues .
Task executed . wind vector
\% wind vector . . \% Vv Vv
too late . . information and
information .
potential
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when aircraft associated
close to landing. hazards.
ATCO continually
. . Frequency
Task executed issues wind . .
\' congestion. Time \' V|V
too much vector .
. . consuming.
information.
Pilot unaware of
wind vector
. information and
ATCO fails to .
Task executed . . potential
. \% issue wind vector . \% VIV
too little information associated
) hazards. Pilot
requests updated
information.
ATCO issues Pilot unaware of
incorrect wind wind vector
Misread v vector information and v v v
information information. potential
associated
hazards.
Other

Scenario: Arrival Procedure

Task step 4.3: Monitor Arriving aircraft/ Make cross check on the

other airport

o Likelihood Criticality
Error Mode TICK | Description Outcome HIMI L lH ML PASS | CAUTION
. No check on the Possible Runway \'%
Fail to v - ; : v v v v
execute other airport incursion
Task ) Incomplete scan Possible Runway v
execution \% . . AR Y% \Y% \Y%
. of the Runway incursion
incomplete
Task executed
in wrong
direction
Scanning the
Wrong task v current airport Possible Runway v v v
executed thinking it is the incursion
other
Time consuming
may impact upon
Task repeated | V Repeated s_can of ability to observe \Y \% \%
the other airport ) .
traffic landing
current airport.
Task executed Scanning current
on wrong airport thinking Possible Runway
. \' o . . \ \' \'
interface it is the other incursion
element airport
Scanning of the Increased
Task executed other airport is workload as
\' \ \Y% \Y%
too early done at an early subsequent scans
stage will be carried out
Task executed iiﬁ:: Z:rg (Z)fri}?se Delayed
Vv P situational v |v v v v
too late done at a later
awareness
stage
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Task executed Repeated scan of
too much the other airport

Time consuming.
Impacts upon

time spent Vv \' \'
scanning runway
in current airport.

Task executed Incomplete scan

Possible Runway

. \' of the the other . . \Y \% \%
too little airport incursion
: Scanning without | Possible Runway
Misread v - i incursi V|V v v v
information paying attention incursion
Other

Scenario: Arrival Procedure

Task step 4.4: Monitor Arriving aircraft/Scan Rwy

Error Mode TICK | Description

Likelihood Criticality
H/M|L|H[M|L

Outcome PASS CAUTION

ATCO does not

Runway incursion

Fail t .
aitto \' scan runway. - miss obstacle on vV |V \'
execute
the runway.
Task ATCO fails to Runway incursion
execution \' scan runway - miss obstacle on VIV |V \ \%
incomplete thoroughly. the runway.
Task executed
in wrong
direction
ATCO R i i
Wrong task scans unway incursion
\Y runway at wrong | - miss obstacle on vV |V \%
executed :
airport. the runway.

ATCO continually

Time consuming
and impacts upon

Task repeated | V . . . \' \ \
scans runway. interaction with
other interfaces.
Task ted . .
OESW:;?CU € ATCO scans Runway incursion
interfaceg \% runway at - miss obstacle on \% \% \%
incorrect airport. | the runway.
element
Task executed ATCO scans . .
\' . Time consuming. \' V|V
too early runway again.
Task executed ATCO fails to Runway incursion
\ scan runway at - miss obstacle on VI iV |V \Y% \'%
too late .
this time. the runway.
Task executed Continuous Less interaction
\Y scanning of with other \Y \% \%
too much .
runway. interfaces.
ATCO does not Runway incursion
Task executed .
) v scan runway - miss obstacle on vV |V \Y%
too little
thoroughly. the runway.
ATCO fails to Runway incursion
Mlsread . v notice _ - miss obstacle on v lv v v v
information obstruction on the runway.
runway.

Other
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Scenario: Arrival Procedure

Task step 4.5: Monitor Arriving aircraft/ Monitor A/C touchdown +

roll
o Likelihood Criticality
Error Mode TICK | Description Outcome HIMI L e ML PASS | CAUTION
Fail to ATCO fails to ATCO may miss
\Y observe landing incident arising on \Y \% \%
execute : .
roll of aircraft. landing.
Task ﬁlzfl?tci?"li:ﬁzm ATCO may miss
execution \' . J incident arising on V|V \ \ A%
incomplete roll of aircraft landin
P thoroughly. &
Task executed
in wrong
direction
Wrong task ATCO scans AT.CO may _m.lss
\' runway at incident arising on \' \Y \%
executed . ) .
incorrect airport. | landing.
ATCO continually Zﬁiﬁogiltl:znfn
Task repeated | V scans runway . p . _p \' \%4 \%
. interaction with
current airport. .
other interfaces.
Task executed
on wrong
interface
element
ATCO scans ATCO must scan
Task executed :
\Y runway before runway again. \Y V|V
too early . . .
aircraft lands. Time consuming.
ATC(.) fails to. ATCO may miss
Task executed monitor landing o .
v . incident arising on V|V \ \ \'%
too late roll as aircraft .
) landing.
landing.
Task executed Continuous Less interaction
\Y scanning of with other \Y \% \%
too much )
runway. interfaces.
ATC(.) does not ATCO may miss
Task executed continually o .
. v . incident arising on \' \ \
too little observe landing landin
roll of aircraft. &
ATCO fails to ATCO response in
Mlsread . v ob_sgrve 1nc_1dent .the. evenF of an v v v v v
information arising as aircraft | incidentincorrect.
lands.
Other

Scenario: Arrival Procedure

Task step 5.1: Aircraft Runway Vacate/ Issue runway exit + initial

taxi route
o Likelihood Criticality

Error Mode TICK | Description Outcome TREY L HIMIL PASS CAUTION

ATCO does not Aircraft vacates
Fail to issue taxying on wrong taxiway

\% instructions to causing tactical V|V Vv Vv \"

execute . .

aircraft after conflict

landing.
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Task ATCO does not Aircraft vacates
. ive complete on wrong taxiwa
execution \% 8 . p . 5 . y \% \% \%
. taxying causing tactical
incomplete . . .
instructions. conflict
. . Aircraft vacates
Task executed Taxi instructions on wrone taxiwa
in wrong \% issued in wrong . 5 . y Vv \% \%
. . causing tactical
direction order. .
conflict
.. . Aircraft vacates
Taxi instructions .
Wrong task . on wrong taxiway
\% issued on wrong . . AR Y% \'%
executed frequenc causing tactical
q y conflict
Task repeated
Task executed
on wrong
interface
element
Pilot unable to
Taxi clearance attend to
Task executed v issued as aircraft | clearance - will v v v
too early landing before it request
has slowed. reissuance of
instructions.
Aircraft issued
taxi instructions .
. Aircraft vacates
Task executed after it has on wrong taxiwa
v already rong ta; y AR Y% \Y% \Y% \'%
too late causing tactical
commenced .
. conflict
taxying or
entered taxiway.
Task executed
too much
Task executed
too little
Pilot reads back Aircraft vacates
. clearance on wrong taxiwa
Misread . . 5 . Y
. ) v incorrectly and causing tactical V|V \Y% \Y% \'%
information . .
mistake not conflict
noticed by ATCO.
Other

Scenario: Arrival Procedure

Task step 5.2: Aircraft Runway Vacate/ Cross check the other airport

o Likelihood Criticality
Error Mode TICK | Description Outcome HIMI L lH ML PASS | CAUTION
. No check on the Possible Runway \'%
Fail to v - ; : v v v v
execute other airport incursion
Task . \'%
execution v Incomplete scan .Possm.le Runway v v v v
. of the Runway incursion
incomplete
Task executed
in wrong

direction
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Scanning current
Wrong task airport thinking Possible Runway
v o ) . \' \Y% \Y%
executed itis the other incursion
airport
Time consuming
may impact upon
R ted f et
Task repeated | V epeate s_can © ability to observe \Y \% \%
the other airport ) .
traffic landing at
current airport.
Task executed Scanning current
on wrong airport thinking Possible Runway
. v o . . \' \Y% \Y%
interface itis the other incursion
element airport.
Scanning of the Increased
Task executed v other airport is workload as v v v
too early done at an early subsequent scans
stage will be carried out
S i f th
Task executed oiﬁz: ;rllrg (Z)rt is Delayed
v p situational V|V v v v
too late done at a later
awareness
stage
Time consuming
i t
Task executed Repeated scan of may lmpact upon
\' . ability to observe \ \Y% \Y%
too much the other airport ) .
traffic landing at
current airport.
Incomplete scan .
Task ted Possible R
ask execute v of the other Possible Runway v v v
too little . incursion
airport
Misread v Scapning wit}_lout .Possib.le Runway v v v v v
information paying attention incursion
Other

Scenario: Arrival Procedure

Task step 5.3: Aircraft Runway Vacate/ Confirm runway vacated

. Likelihood Criticality
Error Mode TICK | Description Outcome HIMIL | M L PASS | CAUTION
. ATCO does not ATCO unsure if
Fail to . .
\Y monitor aircraft runway vacated. \Y V|V

execute .

vacating runway.
Task
execution
incomplete

ATCO checks
Task executed alrc.raft clear of .
. main rwy Potential Runway
in wrong Vv . Vv \% \'
direction Forgets about Incursion

traffic using the

other airport
Wrong task
executed
Task repeated

Task executed
on wrong
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interface
element

Task executed

ATCO does not

ATCO must scan
runway again to

\Y observe aircraft , \Y V|V
too early . ensure aircraft
vacating Runway
vacated.
ATCO Noi t
Task executed scans 0 tmpact upon
\ runway after operations at this \ \
too late . .
aircraft vacated. time.
Time consuming.
. Impacts upon
ATCO continually | .. p p
Task executed . . time spent
\' monitors aircraft . Vv \'
too much vacatine runwa scanning runway
& Y| in the other
airport.
ATCO does not No impact upon
Task executed observe aircraft p p .
. \' . operations at this \Y V|V
too little vacating the .
time.
runway.
ATCO believes No impact upon
Misread aircraft has operations at this
. ) \% . \ \
information vacated time.
runway.
Other

Scenario: Arrival Procedure

Task step 5.4: Aircraft Runway Vacate/ Record vacated on strip

e Likelihood Criticality
Error Mode TICK | Description Outcome HIMI L e ML PASS | CAUTION
ATCO fails to EFS does not
Fail to record runway accurately
\% vacated on represent traffic \'% V|V
execute . . .
relevant Strip in situation.
EFS.
Task
execution
incomplete
Task executed
in wrong
direction
Vacated recorded EFS does not
Wrong task . accurately
\ on wrong flight ) \ V|V
executed . represent traffic
strip. . .
situation.
Task repeated
Task executed
on wrong
interface
element
Task executed Vacated recorded Efcsu(::fesl o
s on EFS before y s v|v
too early . represent traffic
aircraft clear . .
situation.
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Task executed
too late

ATCO records
vacated on EFS
late.

EFS does not
accurately
represent traffic
situation.

Task executed
too much

Task executed
too little

Misread
information

Other

Scenario: Arrival Procedure

Task step 6.1: Taxi instruction to stand/ Check stand

o Likelihood Criticality
Error Mode TICK | Description Outcome HIMT L HIMIL PASS CAUTION
ATCO does not ATCO unsure
Fail to v check stand no. where aircraft is v vIv
execute allocated to to park.
landing aircraft.
Task
execution
incomplete
Task executed ATCO incorrectly Aircraft instructed
. reads stand
in wrong \' to proceed to \' V|V
direction number for a incorrect stand
different aircraft )
ATCO passes Aircraft instructed
Wrong task stand no. for
\Y ) . to proceed to \Y V|V
executed aircraft landing .
. incorrect stand.
the other airport.
Task repeated
Task executed ATCO interacts EFS does not
on wrong v with strip for accurately v vIv
interface flight inbounds represent traffic
element the other airport. | situation.
Task executed Aircraft instructed
\Y Stand changes to proceed to \Y V|V
too early .
incorrect stand.
ATCO does not Possible tactical
Task executed issue stand conflict if aircraft
\ . ) \ V|V
too late information soon | goes passed
enough. assigned stand
Task executed
too much
Task executed
too little
Misread
information
Other
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Scenario: Arrival Procedure

Task step 6.2: Taxi instruction to stand/ Issue taxi route

Likelihood Criticality
Error Mode TICK | Description Outcome PASS CAUTION
p HIM[L |H[M]|L
ATCO does not Aircraft taxis
. issue continued passed clearance
Fail to . . o
\Y taxying limit resulting in V|V \% \%
execute . . .
instructions to tactical ground
aircraft conflict
Aircraft taxis
ATCO does not
Task ive complete passed clearance
execution \' gtve comp limit resulting in V|V \' \'
. taxying .
incomplete . . tactical ground
instructions. .
conflict
. . Ai ft st d
Task executed Taxi instructions 111recrri?as _S opsan
in wrong v issued in wrong d . v \Y% \Y%
o increasing R/T
direction order.
workload
Taxi instructions
iven to wron Landed Aircraft
Wrong task 5 : J
\Y call-sign - unsure what
executed . . .
aircraft landing actions to take.
the other airport.
Task repeated
Task executed Taxi instructions | Aircraft stops and
i d ies taxi t
f)n wrong v }ssue on qgerles gx1 route v v vIv
interface incorrect - increasing R/T
element frequency workload
Pilot unable to
Taxi clearance attend to
Task executed v issued as aircraft | clearance - will v v v
too early landing before it | request
has slowed. reissuance of
instructions.
ATCO late issuing | Aircraft taxis
Task executed cont_lnued Pas_sed clea.ran_ce
\Y taxying limit resulting in V|V \% \%
too late . . .
instructions to tactical ground
aircraft conflict
Task executed
too much
Task executed
too little
ATCO misreads Wrong taxi route
. position of other | issued resulting in
Misread . . .
. . \% aircraft on tactical conflict V|V \% \%
information .
manoeuvring
area on OTW
Other
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Scenario: Arrival Procedure

Task step 6.3: Taxi instruction to stand/ Cross check the other

airport
o Likelihood | Criticality
Error Mode TICK | Description Outcome HIiMILIHEIMIL PASS | CAUTION
No check on the | Possible Runway A%
Fail to execute \ other airport incursion V|V \ \
Task execution Incomplete scan | Possible Runway v
. v . . V|V \Y% \
incomplete of the Runway incursion
Task executed in
wrong direction
Scanning
Wrong task current airport | Possible Runway
\ e : . \' \' \
executed thinking it is the | incursion
other airport
Time consuming
Repeated scan may impact upon
Task repeated \ of the other ability to observe \' \Y% \
airport traffic landing
airport.
Task executed on Scannlng_ .
) current airport | Possible Runway
wrong interface v e ) . v \Y% v
thinking it is the | incursion
element .
other airport
. Increased
Scanning of
. . workload as
Task executed too other airport is
earl Vv done at an earl subsequent scans Vv \% Vv
y Y| will be carried
stage
out
Scanning of
. . Delayed
Task executed too v other airportis situational v v v v v
late done at a later
awareness
stage
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APPENDIX D List of Hazards from SESAR Safety
Assessment

Table D-1 presents a list of hazards and their estimated effects on operations, as it is deducted by
SESAR JU programme. These are generic hazards, that apply to both single and multiple modes of
operations and has been used as input for the Hazard Identification and Analysis process described
in Chapter 4 Hazard Identification and Initial Analysis. (SESAR Joint Undertaking, 2015), (SESAR Joint
Undertaking, 2016 (a)), (SESAR Joint Undertaking, 2016 (b)), (SESAR Joint Undertaking, 2015)
(European Aviation Safety Agency(EASA), 2019)

Table D-1: List of Operational Hazards (SESAR safety assessment)

ID Description Operational effects

OH-01 | Remote ATC incorrectly coordinates with other | A potential conflict can be induced.
ATS unit with respect to inbound/outbound
traffic.

Imminent infringement.

OH-02 | Remote ATC incorrectly manages the entry of a | A potential conflict can be induced.

flight into traffic circuit. Imminent infringement.

OH-03 | Remote ATC incorrectly manages arriving | A potential conflict can be induced.

aircraft. Imminent infringement.

OH-04 | Remote ATC incorrectly manages departing | A potential conflict can be induced

aircraft. Imminent infringement

OH-05 | Remote ATC fails to provide appropriate | Imminent infringement.
separation to traffic in the vicinity of the
aerodrome.

OH-06 | Remote ATC fails to provide appropriate | Tactical conflict.
separation to traffic with respect to restricted
areas.

OH-07 | Remote ATC incorrectly manages missed | Imminent infringement.
approach situation.

OH-08 | Remote ATC does not detect in time conflicts/ | Imminent collision.
potential collision between aircraft in the vicinity
of the aerodrome.

OH-09 Remote ATC does not detect in time restricted | Tactical conflict.
area infringements.

OH-10 | Remote ATC fails to provide appropriate | Imminent collision.
instruction to resolve a conflict between traffic
in the vicinity of the aerodrome.

OH-11 | Remote ATC fails to provide appropriate | Tactical conflict.
instruction to resolve an airspace infringement.
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D Description Operational effects

OH-32 | Remote ATC fails to properly support landing/ | Potential landing accident/runway
take-off operations with respect to runway | excursion.
conditions and potential foreign object debris.

OH-33 | Remote ATC fails to properly support departing | Potential landing accident/runway
and arriving aircraft on the runway with respect | excursion.
to non-visual aids.

OH-34 | Remote ATC fails to detect in time an intrusion | Potential landing accident/runway
inside landing-air protection area. excursion.

OH-35 | Remote ATC fails to provide appropriate ATC | This hazard is already covered by
services  with  respect to  operational | more detailed hazards already
environment conditions on the aerodrome and | identified above, potentially
its vicinity. inducing conflicts in the vicinity of

the aerodrome or on the
manoeuvring  area due to
inappropriate understanding of the
operational environment
conditions.

This hazard is related to all other
hazards EXCEPT:

OH-01, OH-08, OH-09, OH-13, OH-
16, OH-26, OH-28, OH-34.

OH-36 | ATC resources are incorrectly managed in the | In case a controller has to manage

RTC for the remote provision of ATC services., more traffic than expected, the
controller workload could be
negatively impacted and so the
capability to provide ATC services.
This hazard is to be considered as
part of ALL the other hazards in
which controller errors are a
potential cause.

OH-37 | Remote ATC fails to provide appropriate ATC | This hazard is already considered as

services due to inappropriate capability of the
remote tower system.

part of ALL other hazards already

identified above in which
equipment  failure/errors are
potential causes, potentially

inducing conflicts in the vicinity of
the aerodrome or on the
manoeuvring area.
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APPENDIX E SDCPN Specification of Agent-Based
Model for Multiple Remote Tower

1. List of Agents of the Petri Net Model for Multiple Remote
Tower

The Petri Net model for Multiple Remote Tower contains 12 agents and 2 Interconnecting Petri Nets,
with their associated local Petri Nets (LPN) and interconnecting Petri Nets (IPN). The list of agents,
IPNs and LPNs is presented below.

e Agents
0 ATCO
= LPNs
e ATCO MASA
e ATCO Tasks
e Memory
= |PNs
e Incoming Message
e Qutgoing Message
0 Pilots

= Pilot Cork Landing_k
=  Pilot Cork Departing_k
=  Pilot Shannon_k
0 Aircraft
=  Aircraft Cork Landing_k
= Aircraft Cork Departing_k
= Aircraft Shannon_k
0 Airports
= Airport Cork
= Airport Shannon
0 Communication System
=  Communication System Cork
= Communication System Shannon
O Remote Tower System

0 Frequency Cork
O Frequency Shannon

2. Petri Net Model Assumptions

The assumptions and choices for the agent-based model are presented in Chapter 5. In addition, the
following were considered:

o The pilots will not mistake a line up clearance with a hold clearance and will always readback
the given ATCO clearance. Other scenarios were considered out of scope for this simulation
since the focus of the exercise is to check compliance with an expected instruction when the
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pilot is waiting for it (not knowing there is another aircraft with the same intention at the
other airport). Non-adherence to clearance is presented and analysed in single remote tower
and was not considered in scope.

e The pilots will not make a mistake with the aircraft callsign, pilots know the callsign. Reason
as above.

e [f a pilot is given a holding clearance, he might request another line up clearance after 10-15
seconds.

e Pilot Shannon_k probability of being student is negligible and will not be considered. There is
no training school in Shannon.

e 3™ Party Communications are modelled in the agents “Communication System Cork” and
“Communication System Shannon”. Interviews with ATCOs have indicated that multiple
simultaneous communications are possible, yet ATCO will prioritize their work. In this scenario
ATCO will prioritize the two aircraft at the line-up, and ATCO will not focus on other aircraft.
However, since ground and air are coupled for both airports it is expected that
communications will be initiated by other aircraft, but ATCO will ignore them until this priority
tasks are over. To account for this, 3™ party communication will be solely modelled in the
frequency occupancy since the ATCO will be unable to use the frequency if other aircraft are
calling. The initiation of 3™ party communication is completely independent on other
communication occurring on the frequency. Third party communication frequency will be
determined for each airport.

®  toommsystemoccup, Which is the duration of the transmission on frequency will be the same
estimated for both airports.

3. Petri Net Model for Multiple Remote Tower Model

This section provides an overview of the agent-based model for multiple remote tower and the
assumptions on which the model is based on.
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Figure E-5: Petri Net Model for Multiple Remote Tower
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3.1. Agent ,ATCO“
Agent ATCO consists of 3 LPNs and 2 IPNs. The LPNs are the following:

e LPNs
0 ATCO MASA
O ATCO Tasks
0 Memory

0 Incoming Message
0 Outgoing Message

The LPNs and IPNs are shortly described in the sections below.

LPN “ATCO MASA”

LPN “ATCO MASA” has one place MASA which filters the messages for the ATCO, i.e. open to all aircraft
or waiting for readback, and therefore not able to take in another message. It also contains
information about the aircraft (callsign and location on the airport), pilots (callsignh and intent) and
ATC clearance.

There are incoming arcs from all transitions of LPNs “ATCO Tasks”” and outgoing arcs to all transitions
of LPNs “ATCO Tasks”. However, only transitions 11 and 14.2 of LPNs “ATCO Tasks” are changing the
colours of the token.

Initially, the ATCO is open to all messages, and then transition |1 sets the filter to let message through
only if they are related to the current handled aircraft, while 14.2 will be changing the colour of the
token such that the ATCO is open again to all messages.

This information is then used by all transitions of LPN “Memory” and IPN” Incoming Message” by
enabling arcs.

LPN “ATCO Tasks”
LPN “ATCO Tasks” has 6 places and 8 transitions.

At place P1 there is token which means that ATCO is monitoring traffic. When a message(token) is
present in ATCO ready to process message from pilot of IPN “Incoming Message” then transition G1 is
activated and a token in fired to place P2 ATCO has received message from pilot. G1 is also receiving a
token from place MASA {Remote Tower System} and fires it back setting the filter to only let message
through only if they are related to the current handled aircraft. Note that there is a probability that
the ATCO can scramble the airports, thinking that the handled aircraft is at the wrong airport, which
means that the filter will be set to the other airport.

After about 5 seconds when the ATCO has checked both aerodromes and decided on the instruction
to be given and selected a frequency, the transition G2 is activated, firing the token to P3. G2 is also
receiving a token from place MASA {Remote Tower System}, and it puts it back with the same colour.
Note that this is true for all transitions except for 11 and 14.2.

When the token is in P3, then the ATCO is ready to send the instruction to the pilot on the chosen
frequency. Depending on what frequency has been decided in transition G2 and that selected
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frequency is not busy, either G3.1 or G3.2 is activated. Whether the frequency is busy, is modelled by
inhibitor arc coming from the place Busy of agent Communication System Shannon for G3.1 or
inhibitor arc coming from the place Busy of agent Communication System Cork for G3.2. The activated
transition (G3.1 or G3.2) is then sending a token to place ATCO message to pilot of IPN “Outgoing
message” and place P4. The token sent to place ATCO message to pilot of IPN “Outgoing message” will
then be further processed to transport the message to agent pilot (Cork or Shannon).

A token in place P4 signifies that the ATCO has sent the clearance or hold message to the pilot and is
waiting for a response. If no readback is received from pilot, the ATCO will resend the instruction
through G4.1 back to place P2. Transition 14.2. will be activated if a readback is received from the pilot.
As mentioned above, like transition I1, 14.2 is changing the colour of the token in place MASA {Remote
Tower System} such that the ATCO is open again to all messages.

In P5 the ATCO has received the readback from a pilot. The ATCO can receive, depending on the
clearance, either a confirmation of hold message, confirmation of line up or a questioning of the ATCO
instruction by the pilot. If it is a hold readback message, then transition G5.2 will be activated and the
token is fired to P1. Else, if line up readback from Pilot Cork Departing or questioning from any Pilot is
received than transition G5.2 is activated and fires the token to P6, indicating that the simulation can
stop. This will only occur if the line up clearance is from the pilot in Cork, since it is assumed that if
the pilot in Cork lines up, a collision will be imminent, and ATCO communication will freeze until a
resolution is found (or in case of a collision until replaced with another ATCO fit for duty). However, if
the pilot in Shannon lined up incorrectly (due to callsign confusion, i.e. the ATCO used callsign that did
not belong to him/her), a Runway Incursion will occur in Shannon, however due to the fact that this
will not be an emergency situation, the simulation will continue until either a runway incursion will
occur in Cork or the aircraft on approach will land.

Whether a runway incursion occurs depends on the probability of ATCO being able to intervene if the
spots the error and the landing aircraft identifying the situation and reacting to prevent collision.

The place MASA will copy information as necessary as described in the LPN “ATCO MASA”.

IPN “Incoming Message”
The IPN “Incoming Message” contains two places Incoming Message to ATCO and ATCO ready to
process message from pilot, and one transition G1.

Place Incoming Message to ATCO receives a token from agent “Communication System Cork” or
“Communication System Shannon” which is a message from a pilot for the ATCO containing aircraft
ID and pilot intention.

Transition G1 transfers the token from Incoming Message to ATCO to ATCO ready to process message
from pilot, however some conditions apply. Therefore, there is one inhibitor arc from ATCO ready to
process message from pilot to prevent overwriting any existing token in that place, one enabling arc
from place Memory of LPN “Memory” and one enabling arc from place MASA of LPN “ATCO MASA”.

The condition being checked by transition G1 is: if there is there is no message in the memory and
ATCO is open for messages from both airports and the incoming message is not a readback OR if the
ATCO is waiting for readback from the pilot and no readback in the memory and the incoming message



Agent-based Safety Modelling and Simulation of Controlling Two Airports from One Remote Tower
Petri Net Model for Multiple Remote Tower Model

is a readback message (this message has priority for the ATCO since he/she has already sent an
instructions and is waiting for a reply).

A token in place ATCO ready to process message from pilot can be picked up by LPN “ATCO Tasks” for
further processing.

IPN “Outgoing Message”

IPN “Outgoing Message” contains one place ATCO message to Pilot. Similar to the non-agent entities
Cork and Frequency Shannon, this IPN handles all the messages going from the ATCO by transferring
a token to either agent “Communication System Cork” or agent “Communication System Shannon”.
The decision on which airport frequency the message will be transmitted in saved in the colour of the
token.

LPN “Memory”
LPN “Memory” has one places and 3 transitions. There is always a token in place memory which may
store a message that ATCO cannot or does not want to answer right away.

Transition G2 has two incoming arcs, one from Incoming message to ATCO of IPN “Incoming Message”
and one from place Memory. The outgoing arc goes to place Memory ensuring that there is always a
token in place Memory. Additionally, there is one enabling arc from place MASA of LPN “ATCO MASA.
Transition G2 serves as a complement of transition G1 in IPN “Incoming Message” and therefore
replaces the message in the memory if there is already a message in the place ATCO ready to process
message from pilot and the ATCO is waiting for a readback and the message is a readback.

Transition G3 has two incoming arcs, one from Incoming message to ATCO of IPN “Incoming Message”
and one from place Memory. The outgoing arc goes to place Memory ensuring that there is always a
token in place Memory. Additionally, there is one enabling arc from place MASA of LPN “ATCO MASA”.

If in memory there is a message that ATCO is waiting for, i.e. readback from the pilot, transition G3
will prevent this message from being overwritten, else it will overwrite the message in the memory,
based on the assumption that ATCO will only remember the last or last important message sent to
him/her.

Transition G4 has one incoming arc from place Memory. There are two outgoing arcs going to place
Memory ensuring that there is always a token in place Memory and place ATCO ready to process
message from pilot of IPN “Incoming message”. Additionally, there is one inhibitor arc from place
ATCO ready to process message from pilot of IPN “Incoming message” (ensuring a token in that place
in not overwritten), one inhibitor arc from place Incoming message to pilot of IPN “Incoming message”
and one enabling arc from place MASA of LPN “ATCO MASA”. Transition G4 is checking for two
conditions. The first condition is that the ATCO is open for all messages and the message in the
memory is a line up request. The second condition is that there is a readback message in the memory
on which the ATCO wants to react upon. If G4 fires, then a token will be sent to ATCO ready to process
message from pilot of IPN “Incoming message” containing the message received from the pilot, and
one token will be fired to place Memory resetting the memory to “no message” state.
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3.2. Agent “Pilot Cork Departing_k”

There is one enabling arc from place Open/Closed of agent Airport Cork going through all transitions
of this agent. This is indicating that the airport is open for operations.

LPN” MASA Pilot Cork”

There is one place in LPN” MASA Pilot Cork”. The place MASA represents the situation awareness of
the pilot and contains the SA of Pilot Cork Departing_k about Aircraft Cork Departing_k, SA of Pilot
Cork Departing_k about Aircraft Cork Landing_k, SA of Pilot Cork Departing_k about Airport Cork and
SA of Pilot Cork Departing_k about ATCO.

LPN “Pilot Cork Tasks”

Agent Pilot Cork Departing_k represents the Cork pilot waiting for line up clearance at the runway
departure holding point (one token in P6). This agent has 6 places and 4 transitions and 3 instant
transitions.

Place P1 represents the pilot ready to line up the aircraft for departure and has an initial token
containing the aircraft ID, intent of pilot (implicit, i.e. to line up) and whether the pilot is a student or
not. Transition G1 is introduced to model the delay in the pilot requesting the line-up clearance.

At place P2 the pilot is ready to line up and depart. The instant transition 12 fires a token to place Pilot
Message to ATCO of IPN “Frequency Cork” and one to place P3. There is an inhibitor arc from place
Busy of agent Communication System Cork ensuring that the communication will only take place if the
frequency is free.

At place P3 the pilot has sent the request and is now waiting for clearance or line up and hold message
from ATCO. Transition G3 ensures that if a response from ATCO is not received in 15-20 s then the
pilot will send another request and the token is put back in place P2.

At place P4 the pilot has received clearance from ATCO. This is done through the instant transition 13.2
which fires a token when a message arrives in place Incoming Message to Pilot of IPN “Frequency
Cork”. Transition 14 is activated when pilot send the readback to ATCO. In the same manner as 12, this
transition fires a token to place Pilot Message to ATCO of IPN “Frequency Cork” and one to place P5.
There is an inhibitor arc from place Busy of agent Communication System Cork ensuring that the
communication will only take place if the frequency is free.

In place P5, the pilot has sent the readback to ATCO and will now execute the ATCO instruction. If the
instruction is to line up, then transition G5.1. will be firing a token to place P5, otherwise in the case
of holding message of pilot questioning ATCO a token will be fired by transition G5.2. back to place
P3, where the pilot will wait for further instructions.

The probability of runway incursion is dependent on the probability of the ATCO giving the wrong
instruction, pilot following the instruction and the probability of ATCO intervening before aircraft is
line-up.

Once there is a token in P6, then the aircraft has lined up. An enabling arc from place P6 to transition
G6 of agent Aircraft Cork Departing_k will update the location of the aircraft from Departure Holding
Point to line up.
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The place MASA will copy information as necessary as described in the LPN “MASA Pilot Cork”.

3.3. Agent “Pilot Cork Landing_k”

LPN” MASA Pilot Cork”

There is one place in LPN” MASA Pilot Cork”. The place MASA represents the situation awareness of
the pilot and contains SA of Pilot Cork Landing_k about Aircraft Cork Landing_k, the SA of Pilot Cork
Landing_k about Aircraft Cork Departing_k, SA of Pilot Cork Landing_k about Airport Cork and SA of
Pilot Cork Departing_k about ATCO.

There is one enabling arc from place Open/Closed of agent Airport Cork going transition G of this LPN.
This is indicating that the airport is open for operations.

LPN “Pilot Cork Tasks”
Agent Pilot Cork Landing_k represents the Cork pilot with landing clearance that is on final approach
and heads for the runway. This agent has two places and one transition.

Place Pilot landed represents the pilot landed and the simulation ends. There is one enabling arc going
from place Pilot landed to transition /12 of agent Aircraft Cork Landing_k.

The place MASA will copy information as necessary as described in the LPN “MASA Pilot Cork”.

3.4. Agent Pilot Shannon_k

LPN” MASA Pilot Shannon”

There is one place in LPN” MASA Pilot Cork”. This place MASA represents the situation awareness of
the pilot and contains the SA of Pilot Shannon Departing_k about Aircraft Shannon Departing_k, and
SA of Pilot Shannon Departing_k about airport Shannon.

There is one enabling arc from place Open/Closed of agent Airport Shannon going to transition G of
this LPN. This is indicating that the airport is open for operations.

LPN “Pilot Shannon Tasks”

Agent Pilot Shannon_k represents the Shannon pilot waiting for line up clearance at the runway
departure holding point (one token in P6). This agent has 6 places and 4 transitions and 3 instant
transitions.

Place P1 represents the pilot ready to line up the aircraft for departure and has an initial token
containing the aircraft ID and intent of pilot (implicit, i.e. to line up). Transition G1 is introduced to
model the delay in the pilot requesting the line-up clearance.

At place P2 the pilot is ready to line up and depart. The instant transition 12 fires a token to place Pilot
Message to ATCO of IPN “Frequency Shannon” and one to place P3. There is an inhibitor arc from
place Busy of agent Communication System Shannon ensuring that the communication will only take
place if the frequency is free.

At place P3 the pilot has sent the request and is now waiting for clearance or line up and hold message
from ATCO. Transition G3 ensures that if a response from ATCO is not received in 15-20 s then the
pilot will send another request and the token is put back in place P2.
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At place P4 the pilot has received clearance from ATCO. This is done through the instant transition 13.2
which fires a token when a message arrives in place Incoming Message to Pilot of IPN “Frequency
Shannon”. Transition |4 is activated when pilot send the readback to ATCO. In the same manner as 12,
this transition fires a token to place Pilot Message to ATCO of IPN “Frequency Shannon” and one to
place P5. There is an inhibitor arc from place Busy of agent Communication System Shannon ensuring
that the communication will only take place if the frequency is free.

In place P5 the pilot has sent the readback to ATCO and will now execute the ATCO instruction. If the
instruction is to line up, then transition G5.1. will be firing a token to place P5, otherwise in the case
of holding message of pilot questioning ATCO a token will be fired by transition G5.2. back to place
P3, where the pilot will wait for further instructions.

The probability of runway incursion is dependent on the probability of the ATCO giving the wrong
instruction, pilot following the instruction and the probability of ATCO intervening before aircraft is
line-up.

Once there is a token in P6, then the aircraft has lined up. An enabling arc from place P6 to transition
G6 of agent Aircraft Shannon_k will update the location of the aircraft from Departure Holding Point
to line up.

The place MASA will copy information as necessary as described in the LPN “MASA Pilot Shannon”.

3.5. Agent “Aircraft Cork Landing_k”

Agent Aircraft Cork Landing_k has been designed to recreate aircraft landing in Cork.

This agent has 8 places P1-P8, i.e. Approach, Landing, Taxi in, Gate, Taxi out, Departure Holding Point,
Line up, and Departure and 7 transitions.

There are three enabling arcs from all places: one to transition G2 of agent Remote Tower system (SA
of Remote Tower System about Aircraft Cork Landing_k), second to transition G of LPN “MASA Pilot
Cork” of agent Pilot Cork Landing_k (SA of pilot i about aircraft i), and third to transition G of LPN
”"MASA Pilot Cork” of agent Pilot Cork Departing_k.

There is one token present in place P2 which signifies the aircraft is landing. The transition G in LPN”
Pilot Cork Tasks” of agent Pilot Cork Landing_k fires a token in place Pilot landed, which activates
through an enabling arc transition G2. The token in place P3 signifies that the aircraft landed, it is
taxing to the gate, so the conflict ceases to exist.

3.6. Agent “Aircraft Cork Departing_k”

Agent Aircraft Cork Departing_k has been designed to recreate aircraft departing in Cork.

This agent has 8 places, i.e. Approach, Landing, Taxi in, Gate, Taxi out, Departure Holding Point, Line
up, and Departure and 7 transitions. One token is present in place P6(Departure Holding Point).

There are three enabling arcs: one from all places to transition G3 of agent Remote Tower system (SA
of Remote Tower System about Aircraft Cork Landing_k), second to transition G of LPN “MASA Pilot
Cork” of agent Pilot Cork Landing_k and third to transition G of LPN "MASA Pilot Cork” of agent Pilot
Cork Departing_k (SA of pilot i about aircraft i).
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There is one token present in place P6 which signifies the aircraft is at the Departure Holding Point
and waiting for the line-up clearance. The place P6 of LPN “Pilot Cork Tasks” of agent Pilot Cork
Departing_k activates through an enabling arc transition G6. The token in place P7 signifies that the
aircraft is lined up. This will mean that a runway incursion has occurred as the aircraft should not be
on the runway.

3.7. Agent “Aircraft Shannon_k”

Agent Aircraft Shannon_k has been designed to recreate aircraft departing in Shannon.

This agent has 8 places, i.e. Approach, Landing, Taxi in, Gate, Taxi out, Departure Holding Point, Line
up, and Departure and 7 transitions. One token is present in place P6(Departure Holding Point).

There is one enabling arc from all places to transition G of agent Remote Tower system (SA of Remote
Tower System about Aircraft Shannon_k) and incoming and outgoing arcs from all places of the agent
Aircraft Shannon_k to all transitions of agent Pilot Shannon _k (SA of pilot i about aircraft i).

In the scenario, agent Aircraft Shannon_k will only be modelled as one token in place Departure
Holding Point with colour Aircraft_location=6(Departure Holding Point).

There are two enabling arcs: one from all places to transition G3 of agent Remote Tower system (SA
of Remote Tower System about Aircraft Cork Landing_k), and second to transition G of LPN” MASA
Pilot Shannon” of agent Pilot Shannon_k (SA of pilot i about aircraft i).

There is one token present in place P6 which signifies the aircraft is at the Departure Holding Point
and waiting for the line-up clearance. The place P6 of LPN “Pilot Shannon Tasks” of agent Pilot
Shannon_k activates through an enabling arc transition G6. The token in place P7 signifies that the
aircraft is lined up and the simulation stops.

3.8. Agent “Airport Cork”

Agent Airport Cork represents the Cork airport. This agent has one place Open/Closed. There are three
enabling arcs, one to transition G1 of agent Remote Tower System (SA of Remote Tower System about
airport Cork), second to all transitions of agent Pilot Cork Departing_k (SA of Pilot Cork Departing_k
about airport Cork) and third to all transitions of agent Pilot Cork Landing_k (SA of Pilot Cork Landing_k
about airport Cork)

In this scenario, the airport is open.

3.9. Agent “Airport Shannon”

Agent Airport Shannon represents the Shannon airport. This agent has one place Open/Closed. There
are two enabling arcs, one to transition G1 of agent Remote Tower System (SA of Remote Tower
System about airport Shannon), and second to all transitions of agent Pilot Shannon_k (SA of Pilot
Shannon_k about airport Shannon).

In this scenario, the airport is open.

3.10. Agent “Communication System Cork”

Agent Communication System Cork has been designed to recreate the frequency in Cork Airport.
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This agent has two places Busy and NOT Busy and 6 transitions. Communications can only be possible
if frequency is free and therefore there is a token in place NOT Busy, so if there is token in place Busy
communications cannot take place. To express this, inhibitor arcs have been added to all places where
communications will be initiated, both by ATCO and Pilot.

There are three types of communications sent through the frequency: to and from ATCO, to and from
Pilot and 3™ party communication.

The messages to and from ATCO are handled by transitions G1 and 16. Transition G1 sends the aircraft
ID and pilot intent from Pilot to ATCO, i.e. and 16 send the aircraft ID and ATCO message from ATCO
to Pilot.

The messages to and from Pilot and handled by transitions G2 and I5. Transition G2 sends the aircraft
ID and ATCO message from ATCO to Pilot and 15 send the aircraft ID and pilot intent from Pilot to
ATCO.

3™ Party Communications are handled by transitions G3 and G4. Interviews with ATCOs have indicated
that multiple simultaneous communications are possible, yet ATCO will prioritize their work. In this
scenario ATCO will prioritize the two aircraft at the line-up, and ATCO will not focus on other aircraft.
However, since ground and air are coupled for both airports it is expected that communications will
be initiated by other aircraft, but ATCO will ignore them until this priority tasks are over. To account
for this, 3™ party communication will be solely modelled in the frequency occupancy since the ATCO
will be unable to use the frequency if other aircraft are calling. The initiation of 3™ party
communication is completely independent on other communication occurring on the frequency.

3.11. Agent “Communication System Shannon”

Agent Communication System Shannon has been designed to recreate the frequency in Shannon
Airport.

This agent has two places Busy and NOT Busy. Communications can only be possible if frequency is
free and therefore there is a token in place NOT Busy, so if there is token in place Busy communications
cannot take place. To express this, inhibitor arcs have been added to all places where communications
will be initiated, both by ATCO and Pilot.

There are three types of communications sent through the frequency: to and from ATCO, to and from
Pilot and 3™ party communication.

The messages to and from ATCO are handled by transitions G1 and 16. Transition G1 sends the aircraft
ID and pilot intent from Pilot to ATCO and 16 send the aircraft ID and ATCO message from ATCO to
Pilot.

The messages to and from Pilot and handled by transitions G2 and I5. Transition G2 sends the aircraft
ID and ATCO message from ATCO to Pilot and 15 send the aircraft ID and pilot intent from Pilot to
ATCO.

3™ Party Communications are handled by transitions G3 and G4. Interviews with ATCOs have indicated
that multiple simultaneous communications are possible, yet ATCO will prioritize their work. In this
scenario ATCO will prioritize the two aircraft at the line-up, and ATCO will not focus on other aircraft.



Agent-based Safety Modelling and Simulation of Controlling Two Airports from One Remote Tower
Petri Net Model for Multiple Remote Tower Model

However, since ground and air are coupled for both airport it is expected that communications will be
initiated by other aircraft, but ATCO will ignore them until this priority tasks are over. To account for
this, 3™ party communication will be solely modelled in the frequency occupancy since the ATCO will
be unable to use the frequency if other aircraft are calling.

3.12. Agent “Remote Tower System”

Agent Remote Tower system replicated the remote tower screens in the remote tower modules and
recreates what the ATCO sees outside. It acts like an extended mind for the ATCO.

The agent has one place MASA and five transitions to update MASA when necessary, coming from the
two airports and three aircraft.

Place MASA contains information about both airports Cork and Shannon, and all aircraft at these
airports which is obtained and updated through enabling arcs from both airports and the three aircraft
present at these airports. This information is then transmitted to the ATCO as support to situation
awareness and decision through the incoming/outgoing arcs to all LPNs of agent ATCO.

3.13. IPN “Frequency Cork”

This IPN has two places Pilot Message to ATCO and Incoming Message to Pilot and it is used to link the
two agents: “Pilot Cork Departing_k” and “Communication System Cork”.

Pilot Message to ATCO send the aircraft ID and pilot intent from LPN “Pilot Cork Tasks” of agent “Pilot
Cork Departing_k” places /12 and /4 to agent “Communication System Cork” place /5.

Incoming Message to Pilot sends the aircraft ID and ATCO message from agent “Communication
System Cork” place G2 and send it to LPN “Pilot Cork Tasks “agent “Pilot Cork Departing_k” place /3.2.

3.14. IPN “Frequency Shannon”

This IPN has two places Pilot Message to ATCO and Incoming Message to Pilot and it is used to link the
two agents: “Pilot Shannon_k” and “Communication System Shannon”.

Pilot Message to ATCO send the aircraft ID and pilot intent from LPN “Pilot Shannon Tasks” of agent
“Pilot Shannon_k” places /12 and /4 to agent “Communication System Shannon” place /5.

Incoming Message to Pilot sends the aircraft ID and ATCO message from agent “Communication
System Shannon” place G2 and send it to LPN “Pilot Shannon Tasks “agent “Pilot Shannon_k” place
13.2.
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4. Agent ,,ATCO “

Agent “ATCO"” is comprised of the following:

- Local Petri Net “MASA”

- Local Petri Net “ATCO Tasks”

- Interconnecting Petri Nets “Incoming Message”
- Interconnecting Petri Nets “Outgoing Message”
- Local Petri Net: “Memory”

4.1. LPN Local Petri net “ATCO MASA”

Agent ATCO

LPN “ATCO Tasks”

IPN ”"Incoming Message”

LPN “ATCO MASA”

I
I
I
I
I
I
I
I
| LPN "Memory”
I
I
I
I
I
I
I
I

Agent

Figure E-6: Local Petri Net “ATCO MASA”

Incoming arcs within same agent
e Incoming arcs from all transitions of LPN “ATCO Tasks” to place MASA.

Outgoing arcs within same agent
e Qutgoing arcs to all transitions of LPN “ATCO Tasks” from place MASA.
e Enabling arcs to all transitions of LPN “Memory”.
e Enabling arcs to all transitions of IPN” Incoming Message”.

Incoming arcs from another agent
e No incoming arc.
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Outgoing arc to another agent
e No outgoing arc.

Places
Places SA Colour type Explanation Colour
function
MASA | SA of ATCO | Callsignaircraft_cork_Landing_k Callsign of None
about Aircraft Cork
Aircraft Landing_k.
Cork 2DPositioNaircraft_cork_tanding k€ {COTK, Location of the None
Landing k| Shannon} aircraft on the
(through airport surface.
the Remote This is simplified
Tower by indicating the
System) airport where
the aircraft is.
P1 -P8 aircraft Cork Landing k € { Approach, Location of the None
Landing, Taxi, Gate, Taxi out, Departure | aircraft on the
Holding Point, Line up, Departure} airport surface
SA of ATCO CaIISignAircraft_Cork_Departing_k Callsign of None
about Aircraft Cork
Aircraft Departing_k.
Cork 2DPOSsitioNaircraft_cork peparting k€ {COTK, Location of the None
Departing_k Shannon} aircraft on the
(through airport surface.
the Remote This is simplified
Tower by indicating the
System) airport where
the aircraft is.
P1 -P8 piot cork Departing_k € {Approach, Location of the None
Landing, Taxi, Gate, Taxi out, Departure | aircraft on the
Holding Point, Line up, Departure} airport surface.
SA of ATCO CaIlSignAircraft_Shannon_k CalISign of None
about Aircraft
Aircraft Shannon_k.
Shannon_k | 2DPositionaircraft_shannon kE {COTK, Location of the None
(through Shannon} aircraft on the
the Remote airport surface.
Tower This is simplified
System) by indicating the
airport where
the aircraft is.
P1 -Pg pilot shannon_k € {Approach, Landing, | Location of the None
Taxi, Gate, Taxi out, Departure Holding | aircraft on the
Point, Line up, Departure} airport surface.
SA of ATCO | Callsigneiiot_cork_Landing_k Callsign of None
about Pilot Aircraft Cork
Cork Landing_k.
Landing k | Pilot_Landing-Pilot Landed Not applicable N/A
because the
ATCO doesn't
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know about
these places.

Intent piiot_cork_Landing_k = Landing clearance
received

The intent of the
pilot is set from
the start of the
simulation, i.e.
Landing
clearance
received.

None

ACtivePiIot_Cork_Landing_k

This indicates if
the ATCO is
currently
handling this
aircraft.

None

SA of ATCO
about pilot
Cork
Departing k

Ca ”5|gn Pilot_Cork_Departing_k

Callsign of
Aircraft Cork
Departing_k.

None

Pl 'P6 Pilot Cork Departing_k

Not applicable
because the
ATCO doesn’t
know about
these places.

N/A

|ntentPiIot_Cork_Departing_k

The intent of the
pilot is captured
in the

PI LOTmessage.
Intent of Pilot
0= “Pilot
confirms hold”
1= “Pilot
requesting to
line up and
depart”

2= “Pilot
confirms line up
clearance”

3=" Pilot
questions ATCO”
99="No intent”

None

Activepiiot_cork_peparting_k

This indicates if
the ATCO is
currently
handling this
aircraft.

None

SA of ATCO
about Pilot
Shannon_k

CaIISignPilot_Shannon_k

Callsign of
Aircraft
Shannon_k.

None

Pl 'P6 Pilot Shannon_k

Not applicable
because the
ATCO doesn’t

N/A
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know about
these places.

|ntentPiIot_Shannon_k

The intent of the
pilot is captured
in the

Pl LOTmessage.
Intent of Pilot
0= “Pilot
confirms hold”
1= “Pilot
requesting to
line up and
depart”

2= “Pilot
confirms line up
clearance”

3=" Pilot
questions ATCO”
99=" No intent”

None

ACtivePiIot_Shannon_k

This indicates if
the ATCO is
currently
handling this
aircraft.

None

SA of ATCO
about
Airport
Cork
(through
the Remote
Tower
System)

Name Airport_Cork

This is the name
of the aircraft
are located. This
is not going to be
modelled in the
petri net model.

N/A

Runway/taxiway layout airport_cork

This is the layout
of the airport
that the pilot is
aware of. This is
not modelled in
the petri net
model.

N/A

Open/C1OSEd Airportﬁ(:orke {0, 1}

Airport is Open
or Closed.

0=" Closed”
1=" Open”

None

SA of ATCO
about
Airport
Shannon
(through
the Remote
Tower
System)

Name airport_shannon

This is the name
of the aircraft
are located. This
is not going to be
modelled in the
petri net model.

N/A

Runway/taxiway layout airport_shannon

This is the layout
of the airport
that the pilot is
aware of. This is

N/A
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not modelled in
the petri net

model.
Open/Closed airport_shannon€ {0,1} Airport is Open None
or Closed.
0=" Closed”
1=" Open”
SA of ATCO | Petri Net places of Remote Tower There is one N/A
about System place in the
Remote Remote Tower
Tower system, i.e.
System MASA. Through

this place, the
ATCO is gaining
and maintaining
MASA about the
pilots, aircraft
and airports
(extended
memory). This SA
will not be
modelled.
Refresh rate | tc€E R Refresh rate to tc=-1
check and
update the
position of all
aircraft.

Transitions

ID Transition Condition

G MASA * MASA {Remote Tower System}—> MASA tc<0

Firing Functions

[») Firing Function

G One token is fired to place MASA with colours:

SA of Remote Tower System about Aircraft Cork Landing_k
Callsignaircraft_cork_Landing_k = CallSigNaircraft_cork_tanding_k {RemMote Tower System}
2DPositionaircraft_cork_Landing k = 2DPOSitioNajrcraft_cork_Landing k {MASA}
P1 -Psg pilot cork Landing_k = Name of incoming place of (P1 VP2V P3 VP4V P5VP6VP7
v P8) {Remote Tower System}

SA of Remote Tower System about Aircraft Cork Departing_k
CalISignAircraft_Cork_Departing_k = CalISignAircraft_Cork_Departing_k {RemOte Tower SYStem}
2 DPOSitionAircraft_Cork_Departing_k =2 DPOSitiOnAircraft_Cork_Departing_k {MASA}
P1 -Ps pilot cork peparting_« = Name of incoming place of (P1 VP2 VP3 VP4V P5VP6YV
P7 V P8) {Remote Tower System}

SA of Remote Tower System about Aircraft Shannon_k
Callsignaircraft_shannon_k = Callsignaircraft_shannon_k {Remote Tower System}
2DPOSitionAircraft_Shannon_k = 2DPOSitionAircraft_Shannon_k {MASA}
P1 -Pg pilot shannon_k = Name of incoming place of (P1 VP2V P3 VP4V P5VP6VP7YV
P8) {Remote Tower System}
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SA of Remote Tower System about Pilot Cork Landing_k
CalISignAircraft_Cork_Landing_k = CalI5ignAircraft_Cork_Landing_k {MASA}
Pilot anding - Pilot tanged is Not modelled
Intentpiot_cork_tanding k= Landing clearance received
ACtivePiIot_Cork_Landing_k = ACtivePilot_Cork_Landing_k{MASA}

SA of Remote Tower System about Pilot Cork Departing_k
CalISignPiIot_Cork_Departing_k = CaIISignAircraft_Cork_Departing_k {MASA}
P1-Pé pilot cork beparting_k is not modelled
Ir‘t(':‘ﬂtPiIot_Cork_Departing_k = IntentPiIot_Cork_Departing_k {MASA}
ACtivePiIot_Cork_Departing_k = ACtivePiIot_Cork_Departing_k{MASA}

SA of Remote Tower System about Pilot Shannon_k
Ca”SignPiIot_Shannon_k = Ca”SignPiIot_Shannon_k {MASA}
P1-Pé pitot shannon_k 1S not modelled
Inten‘tPiIot_Shannon_k = IntentPiIot_Shannon_k {MASA}
ACtivePilot_Shannon_k = ACtivePiIot_Shannon_k {MASA}

SA of Remote Tower System about Airport Cork
Name airport_cork = Name airport_cork {ReEMoOte Tower System}
Runway/taxiway layout airport_cork = RUNWay/taxiway layout airport_cork {Remote Tower
System}
Open/Closed= Open/Closed {{Remote Tower System}

SA of Remote Tower System about Airport Shannon
Name airport_shannon= N@ame airport_shannon {Remote Tower System}
Runway/taxiway layout airport_shannon= Runway/taxiway layout airport _shannon {REMOte
Tower System}
Open/Closed= Open/Closed {Remote Tower System}

refresh rate in seconds
tg=1

Initial markings
One token is in MASA with the following colours:

SA of Remote Tower System about Aircraft Cork Landing_k

CaIISignAircraft_Cork_Landing_k =200
2DPOSitiOnAircraft_Cork_Landing_k: Cork (1)

P1 -P8 aircraft Cork Landing k = P2(Landing)

SA of Remote Tower System about Aircraft Cork Departing_k

CaIISignAircraft_Cork_Landing_k =100
2DPOSitiOnAircraft_Cork_Landing_k: Cork (1)

P1 -P8 aircraft Cork Landing k = P6(Departure Holding Point)
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SA of Remote Tower System about Aircraft Shannon_k
Callsignaircraft_shannon_k = 300
2DPositionaircraft_cork_Landing_k =Shannon(2)

P1 -P8 ircraft Cork Landing k = P6(Departure Holding Point)

SA of Remote Tower System about Pilot Cork Landing_k
Callsignaircraft_cork_Landing_k = 200
Pilot anding - Pilot Landed is NOt modelled
Intentpiiot_cork_tanding_k = Landing clearance received
Activepilot_cork_Landing k = 0

SA of Remote Tower System about Pilot Cork Departing_k
Callsignpilot_cork_peparting_k = 100
P1 -Pé pilot cork peparting_k iS not modelled
Intentpiiot_cork_peparting_k = 99

Activepiot_cork_peparting k = 0

SA of Remote Tower System about Pilot Shannon_k
Callsignpiiot_shannon_k = Callsignpiiot_shannon_k {MASA}
P1-Pé pilot shannon_k 1S not modelled
Intentpiiot_shannon_k = 99
Activepiot_shannon_k =0

SA of Remote Tower System about Airport Cork

Name Airport_Cork = Cork
Runway/taxiway layout aiport_cork is Not modelled

Open/Closed = Open (1)
SA of Pilot Shannon Landing_k about Airport Shannon

Name Airport_Shannon = Shannon
Runway/taxiway layout airport_shannon is Not modelled

Open/Closed = Open (1)

refresh rate in seconds
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tc=1

4.2. Local Petri Net, ATCO Tasks”

Agent ATCO

I LPN “ATCO Tasks”

P1

ATCO monitors traffic
ATCO receives message from
pilot

P2
ATCO has received
message from pilot

Agent Communication
System Cork

P3
ATCO has checked both

I
! !
| |
! |
| |
! |
' !
! !
! !
! !
: |
I
' || L ___ J
O
' |
! !
I | Agent Communication
— >
| ] I _ System Shannon
| I _I_Q I
Busy
I b I | |
| ATCO has sent IPN —_—— e — — —
message to pilot I
| ”0Outgoing Message” |
I
I ATCO has remi‘{:z W ATCO message to pilot :
| readback from pilot QO
[ ATCO I
Holding |
| clearance
' I
I
' v |
| \ Aircraft Line up ) |
I
I IPN ”"Incoming Message” :
I O ATCO ready to process |
| message from pilot I
| LPN “ATCO MASA” I
I :%&D MASA ) I
! |
L - - - ___ a

Figure E-7: Local Petri Net “ATCO Tasks”

Incoming arcs within same agent
e Incoming arcs from place ATCO ready to process message from pilot of IPN” Incoming
Message” to transitions 11 and 14.2.
e Incoming arcs from place MASA of LPN “ATCO MASA” to all transitions.

Outgoing arcs within same agent
e QOutgoing arcs from all transitions to place MASA of LPN “ATCO MASA”.
e Qutgoing arcs from transition G3.1 and G3.2 to place ATCO message to Pilot of IPN”
Outgoing Message”.

Incoming arcs from another agent
e Two inhibitor arcs from place Busy of agent “Communication System Shannon” and place
Busy of agent “Communication System Cork” to transitions G3.1 and G3.2.
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Outgoing arc to another agent

No outgoing arcs.

Places
Places Colour type Explanation Colour function
P1 None No colour required.
P2 PILOT.s ER Initial callsign of aircraft and known to None
pilot.
PILOTmessage € Intent of Pilot None
{0,1,2} 0= “Pilot confirms hold”
1= “Pilot requesting to line up and
depart”
2= “Pilot confirms line up clearance”
ATCO.gs ER Aircraft ID returned by ATCO None
(0 if no previous message sent)
ATCOmessage € Message from ATCO None
{0,1,2} 0= “No previous message”
1= “Line up clearance”
2= “Hold message”
tcheckaerodromes€ IR Time to check both aerodromes and tcheckaerodromes = —1
deciding on course of action for aircraft.
P3 PILOT.s ER Initial callsign of aircraft and known to None
pilot.
PILOTmessage € Intent of Pilot None
{0,1,2} 0= “Pilot confirms hold”
1= “Pilot requesting to line up and
depart”
2= “Pilot confirms line up clearance”
ATCO.g ER Aircraft ID returned by ATCO None
(0 if no previous message sent)
ATCOmessage€ Message from ATCO None
{0,1,2} 0= “No previous message”
1= “Line up clearance”
2= “Hold message”
Fe {Cork, Selected frequency to broadcast None
Shannon} information:
Cork=1
Shannon=2
P4 PILOT.i4uE R Initial callsign of aircraft and known to None
pilot.
PILOTmessage € Intent of Pilot None
{0,1,2} 0= “Pilot confirms hold”
1= “Pilot requesting to line up and
depart”
2= “Pilot confirms line up clearance”
ATCO.gs ER Aircraft ID returned by ATCO None
(0 if no previous message sent)
ATCOmessage € Message from ATCO None
{0,1,2} 0= “No previous message”

1= “Line up clearance”
2= “Hold message”




86 | Agent,ATCO“
trecheck € R If no readback is received from the pilot, trecheck = —1
the ATCO will recheck the aerodromes to
see what happened.
This duration of the rechecking is trecheck.
P5 PILOT.s ER Initial callsign of aircraft and known to None
pilot.
PILOTmessage € Intent of Pilot None
{0,1,2,3} 0= “Pilot confirms hold”
1= “Pilot requesting to line up and
depart”
2= “Pilot confirms line up clearance”
3=" Pilot questions ATCO”
ATCO.g ER Aircraft ID returned by ATCO None
(0 if no previous message sent)
ATCOmessage€ Message from ATCO None
{0,1,2} 0= “No previous message”
1= “Line up clearance”
2= “Hold message”
P6 PILOT.s ER Initial callsign of aircraft and known to None
pilot.
PILOTmessage € Intent of Pilot None
{0,1,2,3} 0= “Pilot confirms hold”
1= “Pilot requesting to line up and
depart”
2= “Pilot confirms line up clearance”
3=" Pilot questions ATCO”
ATCO.g ER Aircraft ID returned by ATCO None
(0 if no previous message sent)
ATCOmessage€ Message from ATCO None
{0,1,2} 0= “No previous message”
1= “Line up clearance”
2= “Hold message”
Rl € {0,1} Runway Incursion Occurs None
0=" No RI” (ATCO sports error)
1=" RI” (ATCO does not spot error)
Transitions
ID Transition Condition
11 P1 A MASA {Remote Tower System} » ATCO ready to | None

process message from pilot {Incoming Message
[ATCO]}> P2 A MASA

G2 P2 A MASA {Remote Tower System}> P3” MASA

{Remote Tower System}

checkaerodromes <0

G3.1 | P3 A MASA {Remote Tower System} » NOT Busy
{Communication System Shannon}—> P4 A ATCO
message to Pilot {Outgoing Message [ATCO]} A

MASA {Remote Tower System}

F(P3) = “Shannon”

G3.2 | P3 A MASA {Remote Tower System} » NOT Busy

{Communication System Cork}—> P4 » ATCO message

F = “Cork”
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to Pilot {Outgoing Message [ATCO]} » MASA
{Remote Tower System}
G4.1 | P4 A MASA {Remote Tower System} > P2~ MASA trecheck<0
{Remote Tower System}
14.2 | P4~ ATCO ready to process message from pilot None
{Incoming Message [ATCO]} "MASA {Remote Tower
System} > P5* MASA {Remote Tower System}
G5.1 | P5 A MASA {Remote Tower System} > P6" MASA (PILOTmessage =2 and
{Remote Tower System} PILOT,ig=Callsignaircraft_cork_peparting_k)
or
(P“.OTmessage =3)
G5.2 | P5 A MASA {Remote Tower System} 2> P1* MASA PILOTmessage =0
{Remote Tower System} or
(PILOTmessage =2 and
PILOTaid<>CaI|SignAircraft_Cork_Departing_k)

Firing Functions

1D
11

Firing Function

One token is fired to P2 with the following colours:

PILOT,i¢ = PILOT,ia (ATCO ready to process message from pilot {Incoming Message [ATCO]})
PILOTmessage = PILOTmessage (ATCO ready to process message from pilot {Incoming Message
[ATCO]})

ATCO,ig =0 (no previous message from ATCO to pilot)

ATCOmessage = 0 (no previous message from ATCO to pilot)

tcheckaerodromes = Uniform distribution between 2 and 7 seconds

One token is fired to place MASA {ATCO MASA} with the colour:

MASA= MASA{ATCO MASA}

Except
If PILOTaid =CaI|SignAircraft_Cork_Departing_k, then Inte ntPiIot_Cork_Departing_k=Pl LOTmessage and
ACtivePilot_Cork_Departing_k=1 and CaI|SignPiIot_Cork_Departing_k = PILOTaid
Elseif PILOTaiq =Ca|ISignAircraft_Shannon_k then Intentpiiot_shannon_k=PILOTmessage and
ACtivePilot_Shannon_k=1 and CaIISignPilot_Shannon_k= PILOTaid

G2

One token is fired to place MASA {ATCO MASA} with the colour:
MASA= MASA{ATCO MASA}

Except
(Note: if the ATCO sent a message already on the frequency with no pilot answer he/she will resend the
same message)

If ATCO44a<> 0 then
If ATCOaid = CalISignAircraft_Cork_Departing_k
then F=1 else F=2

If ACtivePiIot_Cork_Departing_k(MASA) =1
if abS(CaI|SignPilot_Cork_Departing_k - PILOTald)<:1O (031151:6’17 51.1771.131”1'[:[/.' VeI‘ySI.IﬂI.]aI”)

ifrand <(1/300)
Cal|5ignPiIot_Cork_Departing_k(MASA)= CalISignPiIot_Shannon_k(MASA);
End
Else if abs(Callsignpiiot_cork peparting k - PILOTaia) <=50 (callsign similarity: similar)
ifrand <(1/500)

Cal ISignPiIot_Cork_Departing_k( MASA) = Cal ISignPiIot_Shannon_k( MASA);
End
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Else (callsign similarity: callsign totally different)
ifrand <(1/5000)
Cal ISignPiIot_Cork_Departing_k( MASA) = Cal ISignPiIot_Shannon_k( MASA);

If ACtivePiIot_Shannon_k(MASA) =1
if abS(Cal|SignPiIot_Shannon_k - PILOTald)<=1O (Ca]/ﬂg” 51m1]a1‘11y VerySimi]ar)
ifrand <(1/300)
Ca||Signpilot_shannon_k(MASA)= CaI|5ignPiIot_Cork_Departing_k(MASA)

Elseif abs(Callsignpiot_shannon_k - PILOTaia) <=50 (callsign similarity: similar)
ifrand <(1/500)
CaI|SignPiIot_Shannon_k(MASA): CalISignPiIot_Cork_Departing_k(MASA)

Else (callsign similarity: totally different)
ifrand <(1/5000)
CaIISignPiIot_Shannon_k(MASA): CalISignPiIot_Cork_Departing_k(MASA;

One token is fired to P3 with the following colours:

PILOT.iq = PILOTaiq (P2)

PILOTmessage = PILOTmessage (P2)

ATCOaiq = ATCO,ia(P2)

ATCOmessage = ATCOmessage(Pz)

trecheck = Uniform distribution between 20 and 30 seconds

F = Probability of ATCO selection of wrong frequency is estimated:1 in 5000 (hard coded
value)

G3.1

One token is fired to P4 with the following colours:
PILOT.iq = PILOTaiq (P3)

One token is fired to ATCO message to Pilot {Outgoing Message [ATCO]} with the following
colours:

If ATCO,iqa<> 0 then

ATCOaig = ATCOaiq (P3)

ATCOmessage = ATCOmessage (P3)
(Note: if the ATCO sent a message already with to pilot answer he/she will resend the same
message)

ElSEif ActivePi|ot_Cork_Depart]ng_k(MASA) =1 thel’l ATCOa|d = CalISignPi|ot_Cork_Depart]ng_k(MASA) al’ld
ATCOmessage=f(IntentPiIot_Cork_Departing_k(MASA); 2DPOSitiOnAircraft_Cork_Departing_k(MASA);
2DPOSitionAircraft_Cork_Landing_k (MASA))

P(2DPositionaircraft_cork_Landing_k (MASA)) ="Not applicable/Unknown” is 1 in 5000 (hard coded
value): This means that the ATCO forgets about aircraft Cork Landing_k.

P (ATCO wrong message | ATCO forgets about the aircraft landing) is 100%. (hard coded
value)

Elseif Activepiot_shannon K(MASA) =1 then ATCO.iq = Callsignpiiot_shannon_ kK(MASA) and
ATCOmessage=f(IntentPilot_Shannon_k(MASA); 2DPOSitiOnAircraft_Shannon_k(MASA))
F=" Shannon”
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One token is fired to place MASA {ATCO MASA} with the colour:
MASA= MASA{ATCO MASA}

except if
P(2DPositionaircraft cork_tanding k (MASA)) ="Not applicable/Unknown” is 1 in 5000 (hard coded
value): This means that the ATCO forgets about aircraft Cork Landing_k.

2DPositioNaircraft_cork_tanding_k (MASA)="Not applicable/Unknown”

G3.2 | One token is fired to P4 with the following colours:
PILOT,ig = PILOTaiq (P3)
One token is fired to ATCO message to Pilot {Outgoing Message [ATCO]} with the following
colours:
(Note: if the ATCO sent a message already with to pilot answer he/she will resend the same
message)
If ATCO.iq<> 0 then
ATCO.ig = ATCO.iq (P3)
ATCOmessage = ATCOmessage (P3)
(Note: if the ATCO sent a message already with to pilot answer he/she will resend the same
message)
ElSEif ActivePi|ot_Cork_Depart]ng_k(MASA) =1 thel’l ATCOa|d = CalISignPi|ot_Cork_Depart]ng_k(MASA) al’ld
ATCOmessage=f(IntentPiIot_Cork_Departing_k(MASA); 2DPOSitiOnAircraft_Cork_Departing_k(MASA);
2 DPOSitionAircraft_Cork_Landing_k (MASA))
P(2DPositionaircraft_cork_Landing_k (MASA)) =”Not applicable/Unknown” is 1 in 5000 (hard coded
value): This means that the ATCO forgets about aircraft Cork Landing_k.
P (ATCO wrong message | ATCO forgets about the aircraft landing) is 100%. (hard coded
value)
Elseif ActiVePHot_Shannon_k(MASA) =1 then ATCOa|d = CalIsignPilot_Shannon_k(MASA) and
ATCOmessage:f(IntentPiIot_Shannon_k(MASA), 2DPOSitiOnAircraft_Shannon_k(MASA))
F=" Cork”
One token is fired to place MASA {ATCO MASA} with the colour:
MASA= MASA{ATCO MASA}
except if
P(2DPositionaircraft cork_tanding k (MASA)) ="Not applicable/Unknown” is 1 in 5000 (hard coded
value): This means that the ATCO forgets about aircraft Cork Landing_k.
2DPositionaircraft_cork_Landing_k (MASA)= “Not applicable/Unknown”
G4.1 | One token is fired to P2 with the following colours:

PILOTaia = PILOT.i (P4)
ATCO.iq = ATCO.iqs (P4)
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ATCOmessage = ATCOmessage (P4)
tcheckaerodromes = O (Note: this is set to 0 as the ATCO will simply resend the message, the
trecheck acts like a timer to check in this scenario)

One token is fired to place MASA {ATCO MASA} with the colour:
MASA= MASA{ATCO MASA}

14.2

One token is fired to P5 with the following colours:

PILOT.ig = PILOT.i4 (ATCO ready to process message from pilot {Incoming Message [ATCO]})
PILOTmessage = PILOTmessage (ATCO ready to process message from pilot {Incoming Message
[ATCO]})

ATCO,iq = ATCO.iq (P4)

ATCOnmessage = ATCOmessage (P4)

One token is fired to place MASA {ATCO MASA} with the colour:
MASA= MASA{ATCO MASA}

Except

If ACtivePiIot_Cork_Departing_k =1 then
Intentpiot_cork_peparting k= PILOTmessage (ATCO ready to process message from pilot
{Incoming Message [ATCO]})

Else
Intentpiot_shannon_k= PILOTmessage (ATCO ready to process message from pilot
{Incoming Message [ATCO]1})

G5.1

One token is fired to P6 with the following colours:
PILOT.iq = PILOT.iq (P5)

PILOTmessage = PILOTmessage (P5)

ATCO,ig = ATCOaiqg (P5)

ATCOmessage = ATCOmessage (PS)

RI=1

One token is fired to place MASA {ATCO MASA} with the colour:
MASA= MASA{ATCO MASA}

G5.2

One token is fired to P1 without colours.

One token is fired to place MASA {ATCO MASA} with the colour:

MASA= MASA {ATCO MASA} except

If ACtiVEpi|ot_cOrk_Departing_k(MASA) =1 then
ACtivePilot_Cork_Departing_k(MASA) =0 and
|ntentPiIot_Cork_Departing_k(MASA)= P”-OTmessage

Elseif Activepilot_shannon k(MASA) =1 then
Activepiiot_shannon_k(MASA) =0 and
|ntentPiIot_Shannon_k(MASA)= P“-OTmessage

Initial markings

One initial token in P1 with no colours.
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4.3. Interconnecting Petri Net “Incoming message”

Agent ATCO

LPN “ATCO Tasks” Agent
Communication
System Cork

IPN ”Incoming Message” Agent
Incomi N\ Communication
ncoming
ATCO ready to process message from message to System Shannon
pilot ATCO [— ==~ |
1 |
- — —_ —_

LPN "Memory”

Memory \
G4 | > o » G2

Figure E-8: Interconnecting Petri Net” Incoming Message”

Incoming arcs within same agent
e One enabling arc from place MASA of LPN “ATCO MASA” to transition G1.
e One enabling arc from place Memory of LPN “Memory” to transition G1.

Outgoing arcs within same agent
e Two outgoing arcs to transitions 11 and 14.2 of LPN “ATCO Tasks” from place ATCO ready to
process message from pilot.
e One outgoing inhibitor arc from place ATCO ready to process message from pilot to
transition G4 of LPN “Memory”.
e Two outgoing arcs from place Incoming Message to ATCO to transitions G2 and G3 of LPN
“Memory”.

Incoming arcs from another agent
e Incoming arc from transition G1 of agent “Communication System Cork” to place Incoming
message to Pilot.
e Incoming arc from transition G1 of agent “Communication System Shannon” to place
Incoming message to Pilot.

Outgoing arc to another agent
e No outgoing arcs.
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Places
Places Colour type Explanation Colour function
Incoming | PILOT,q € R Initial callsign of aircraft and known to None
message pilot.
to ATCO | PILOTmessage € Intent of Pilot None
{0,1,2,3} 0= “Pilot confirms hold”
1= “Pilot requesting to line up and
depart”
2= “Pilot confirms line up clearance”
3=" Pilot questions ATCO”
ATCO PILOT.s ER Initial callsign of aircraft and known to None
ready to pilot.
process | PILOTmessage € Intent of Pilot None
message | {0,1,2,3} 0= “Pilot confirms hold”
from 1= “Pilot requesting to line up and
pilot depart”
2= “Pilot confirms line up clearance”
3=" Pilot questions ATCO”
Transitions
ID Transition Condition
G1 Incoming Message to ATCO » MASA If (Activepiiot_cork_tanding k=0 and
{ATCO MASA} » NOT ATCO ready to ActiVepiiot_cork_peparting k=0 and Activepiiot_shannon_k=0
process message from pilot » Memory and Message {Memory} =0 and
{Memory [ATCO]} = ATCO ready to PILOTmessage (INncoming Message to ATCO) =1)
process OR

(If (ACtivePilot_Cork_Landing_k(MASA)=1 and
PILOT message {Memory} <>1 and PILOTmessage
(Incoming Message to ATCO) <>1)

Elseif (ActivePi|0t_C0rk_Departing_k(MASA):]. and
P”.OTmessage {Memory} <>1and P”—OTmessage
(Incoming Message to ATCO) <>1)

Elseif ((Activepiot_shannon k(MASA)=1 and
PILOTmessage {Memory} <>1 and PILOTmessage
(Incoming Message to ATCO) <>1)

Firing Functions

Firing Function

G1 One token is fired to ATCO ready to process message from Pilot with the colours:
PILOT.ig = PILOT.i4 (Incoming message to ATCO)
PILOTmessage = PILOTmessage (INcOMing message to ATCO)

Initial markings
There are no initial tokens in the IPN.
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4.4. Interconnecting Petri Net “Outgoing message”

Agent ATCO

IPN
) ”0Outgoing Message”

* ATCO message to pilot
G3.1 >

j J
Agent Communication

L e e | — System Shannon

Agent Communication
System Cork

Figure E-9: Interconnecting Petri Net” Outgoing message”

Incoming arcs within same agent
e Oneincoming arc from transition G3.1 of LPN “ATCO Tasks”.
e Oneincoming arc from transition G3.2 of LPN “ATCO Tasks”.

Outgoing arcs within same agent
e No outgoing arc.

Incoming arcs from another agent
e No outgoing arc.

Outgoing arc to another agent
e One outgoing arc from place ATCO message to pilot to instant transition G6 of agent
“Communication System Cork”.
e One outgoing arc from place ATCO message to pilot to instant transition G6 of agent
“Communication System Shannon”.

Places
Places Colour type Explanation Colour function
ATCO ATCO.g ER Aircraft ID returned by ATCO None
message | ATCOmessage€ Message from ATCO None
to Pilot | {1,2} 1= “Line up clearance”
2= “Hold message”
Fe {Cork, Selected frequency to broadcast None
Shannon} information
Transitions
None

Firing Functions
None
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Initial markings
There are no initial tokens in the IPN.

4.5. Local Petri Net “Memory”
Agent ATCO

IPN ”Incoming Message”

Incoming
ATCO ready to process message from message to

pilot ATCO

og— )

LPN "Memory”

Memory

7Y
A

v Ej )
4 > G2

LPN “ATCO MASA”

Figure E-10: Local Petri Net “Memory”

Incoming arcs within same agent
e Three enabling arcs from place MASA of LPN “ATCO MASA” to each transition.
e Two incoming arcs from place Incoming message to ATCO of IPN” Incoming Message” to
transitions G2 and G3.
e One inhibitor arc from place ATCO ready to process message from pilot of IPN” Incoming
Message” to G4.
e Oneinhibitor arc from place Incoming message to ATCO of IPN” Incoming Message” to G4.

Outgoing arcs within same agent
e One outgoing arc to place ATCO ready to process message from pilot of IPN “Incoming
Message” from transition G4.
e One enabling arc to transition G1 of IPN “Incoming Message” from place Memory.

Incoming arcs from another agent
e Noincoming arc.

Outgoing arc to another agent
e No outgoing arc.
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Places
Places Colour type Explanation Colour function
Memory | Message Identifies whether or not there is a None
message in the memory of the ATCO.
0=" No message”
1=" Message”
PILOT.s ER Initial callsign of aircraft and known to None
pilot.
PILOTmessage € Intent of Pilot None
{0,1,2} 0= “Pilot confirms hold”
1= “Pilot requesting to line up and
depart”
2= “Pilot confirms line up clearance”
Transitions
[») Transition Condition
G2 Incoming Message to ATCO {Incoming If (Activepiiot_cork_Landing (MASA)=1 or

Message [ATCO]} » ATCO ready to process
{Incoming Message [ATCO]} » MASA
{Remote Tower System} * Memory >
Memory

ACtiVGPilot_Cork_Departing_k(MASA)=1 or
ACtiVePiIot_Shannon_k(MASA)zl)
and
Incoming Message to ATCO {Incoming
Message [ATCO]} <>1

message from pilot {Incoming Message
[ATCO]} » NOT Incoming message to ATCO
{Incoming Message [ATCO]} = ATCO ready
to process message from pilot {Incoming
Message [ATCO]} » Memory

G3 | Incoming message to ATCO {Incoming (If (Activesiiot_cork tanding (MASA)=0 and
Message [ATCO]} » MASA {Remote Tower Activepiot_cork_peparting k(MASA)=0 and
System} A Memory > Memory ACtivePiIot_Shannon_k(MASA)=0)

OR
(PILOTmessage {Memory}=1))
G4 | Memory » NOT ATCO ready to process If (Activepiot_cork_tanding k(MASA)=0 and

ACtivePiIot_Cork_Departing_k(MASA)=O and
ACtivePiIot_Shannon_k(MASA)=O
and PILOTmessage {Memory}=1)
OR

((ACtiVePiIot_Cork_Landing_k( MASA)=1 or
ACtiVEPilot_Cork_Departing_k( MASA)= lor
ACtiVePiIot_Shannon_k(MASA)zl)
and
PILOTmessage {Memory}<>1)

Firing Functions

[»)
G2

Firing Function

One token is fired to Memory with the colours:

PILOT.ig = PILOTaia (Incoming Message to ATCO {Incoming Message [ATCO]})
PILOTmessage = PILOTmessage (Incoming Message to ATCO {Incoming Message [ATCO]})

Message=1

G3

One token is fired to Memory with the colours:

PILOT.ig = PILOT.i4 (Incoming Message to ATCO {Incoming Message [ATCO]})
PILOTmessage = PILOTmessage (Incoming Message to ATCO {Incoming Message [ATCO]})

Message=1

G4

One token is fired to Memory with the colours:
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PILOT.iq =0
PlLOTmeSSage =0
Message =0

One token is fired to ATCO ready to process message from pilot {Incoming Message
[ATCO]} with the colours:

PILOT.ig = PILOT.iq (Memory)

PILOTmessage = PILOTmessage (Memory)

Initial markings
There is always a token in the place M with initial colours:

PILOT,iq =0
PILOTmeSSage =0
Message =0

The first two colours do no matter since there is no message present.
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5. Agent ,Pilot Cork Departing k “
5.1. Local Petri Net “MASA Pilot Cork”

Agent Pilot Cork Departing_k Agent Airport Cor

— — — — — — — — — — — — — — — — — — — ——

)

LPN “Pilot Cork Tasks”

Agent Aircraft
Cork Landing_k

Agent Aircraft Cork
Departing_k

I
I
I
I
| 4 LPN “MASA Pilot Cork”
I
I
I
I

Figure E-11: Pilot Cork Departing_k Local Petri Net “MASA Pilot Cork”

Incoming arcs within same agent
e Incoming arc from all transitions of LPN” Pilot Cork Tasks” to place MASA.

Outgoing arcs within same agent
e Qutgoing arc from place MASA to all transitions of LPN” Pilot Cork Tasks”.

Incoming arcs from another agent
e Enabling arc from place Open/Closed of agent Airport Cork to transition G.
e Enabling arc from all places of agent Aircraft Cork Departing_k to transition G.
e Enabling arc from all places of agent Aircraft Cork Landing_k to transition G.

Outgoing arc to another agent
e No outgoing arcs.

Places
Places SA Colour type Explanation Colour
function
MASA | SA of Pilot Callsignaircratt_cork_Departing_k Callsign of Aircraft None
Cork Cork Departing_k
Departing_k | 2DPositioNaircraft_cork_Departing_k Location of the None
about aircraft on the
Aircraft Cork airport surface. This
Departing_k is not going to be
modelled in the
petri net model.
P1-P3 pilot cork Departing_k € Location of the None
{Approach, Landing, Taxi, Gate, | aircraft on the
Taxi out, Departure Holding airport surface
Point, Line up, Departure}
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SA of Pilot P1 -P8 aircraft Cork Landing k € Location of the None

Cork {Approach, Landing, Taxi, Gate, | aircraft on the

Departing_k | Taxi out, Departure Holding airport surface

about Point, Line up, Departure}

Aircraft Cork

Landing_k

SA of Pilot Name airport_cork This is the name of N/A

Cork the aircraft are

Departing_k located. This is not

about going to be

Airport Cork modelled in the
petri net model.

Runway/taxiway layout airport_cork | This is the layout of N/A
the airport that the
pilot is aware of.
This is not modelled
in the petri net
model.
Open/Closed airport_cork€ {0,1} Airport is Open or None

Closed.
0=" Closed”
1=" Open”

Refresh rate | tc€E R Refresh rate to tg=-1
check and update
the position of all
aircraft.

Transitions

Condition
ts<O0

Transition

G MASA A (P1 VP2V P3VP4VP5VP6YP7VPS8){Aircraft Cork
Departing_k} A (P1 VP2V P3VP4VP5VP6VP7VP8){Aircraft Cork
Landing_k} Open/Closed {Airport Cork} 2> MASA

Firing Functions

[») Firing Function
G One token is fired to place MASA with colours:

SA of Pilot Cork Departing_k about Aircraft Cork Departing_k
CalISignAircraft_Cork_Departing_k = Callsign {MASA}
2DPositionaircraft_cork_peparting kIS NOt modelled, therefore not updated
P1 -Ps pilot cork peparting_ « = Name of incoming place of (P1 VP2 VP3 VP4V P5VP6YV
P7 Vv P8) {Pilot Cork Tasks [Pilot Cork Departing_k]}

SA of Pilot Cork Departing_k about Aircraft Cork Landing_k
vV p7 Vv P8) {Pilot Cork Tasks [Pilot Cork Landing_k]}

SA of Pilot Cork Departing_k about Airport Cork
Name Airport_Cork = Name Airport_Cork (MASA)
Runway/taxiway layout aiport_cork = RUnway/taxiway layout airport_cork (MASA)
Open/Closed= Open/Closed {Airport Cork}
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refresh rate in seconds
tg=1

Initial markings
One token is in MASA with the following colours:

SA of Pilot Cork Departing_k about Aircraft Cork Departing_k
Callsignaircraft_cork_peparting_k = 100
2DPositionaircraft_cork_peparting_k IS Not modelled
P1 -Ps pilot cork Departing_k = P6

SA of Pilot Cork Departing_k about Aircraft Cork Landing_k
P1 -P8 aircraft cork Landing k = P2

SA of Pilot Cork Departing_k about Airport Cork

Name Airport_Cork = Cork
Runway/taxiway layout aiport_cork is Not modelled

Open/Closed = Open
refresh rate in seconds

tc=1
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5.2. Local Petri Net “Pilot Cork Tasks”

Agent Pilot Cork Departing_k

LPN “Pilot Cork Tasks”

P1

Pilot is ready to line up its

aircraft for departure
Delay to request line up

clearance

Agent Communication
System Cork

P2
Pilot is ready to request
line up for departure

I
I Busy !

—_—_ e —_—d

IPN
,» Frequency Cork”

P3

Pilot waiting for clearance
to line up or holding
message from ATCO

( R N\
Incoming message to

Pilot

|
|
|
|
|
|
|
|
I
|
|
|
|
O i
|
|
|
|
[
|
|
|
|
|
|
|
|
|

Pilot message to
ATCO

<

<

P4
Pilot has received clearance
to line up or holding
message from ATCO

P5

Pilot ready to line up or

hold

Agent Aircraft Cork
Departing_k

Line up time

P6
Pilot lined up
\_

4
A LPN “MASA Pilot Cork”

Figure E-12: Local Petri Net “Pilot Cork Tasks”

Incoming arcs within same agent
e Incoming arc from LPN “MASA Pilot Cork” to all transitions of LPN” Pilot Cork Tasks”.

Outgoing arcs within same agent
e Qutgoing arc from all transitions of LPN” Pilot Cork Tasks” to place MASA of LPN “MASA Pilot
Cork”.

Incoming arcs from another agent
e Incoming arcs from place Incoming Message to Pilot in IPN “Frequency Cork” to transition
13.2.
e Two inhibitor arcs from place Busy in agent “Communication System Cork” to transitions 12
and 14.

Outgoing arc to another agent

e 2 outgoing arcs from transitions 12 and 14 to place Pilot message to ATCO in IPN “Frequency
Cork”.
e One enabling arc to from place P6 to transition G6 of agent Aircraft Cork Departing_k.
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Places
Places Colour type Explanation Colour function
P1 PILOTstudent € Pilot is a student or not. None
{0,1} 0=" NOT Student”
1=" Student”
ta:ER Pilot time delay to request line up tgp = -1
clearance from ATCO.
P2 PILOTstudent € Pilot is a student or not. None
{0,1} 0=" NOT Student”
1=" Student”
P3 PILOT.s ER Initial callsign of aircraft and known to None
pilot.
PILOTmessage € Intent of Pilot None
{0,1,2,3} 0= “Pilot confirms hold”
1= “Pilot requesting to line up and depart”
2= “Pilot confirms line up clearance”
3=" Pilot questions ATCO”
PILOTstudent € Pilot is a student or not. None
{0,1} 0=" NOT Student”
1=" Student”
trraz € R Time to repeat request by pilot. trres = —1
P4 PILOT.s ER Initial callsign of aircraft and known to None
pilot.
PILOTmessage € Intent of Pilot None
{0,1,2,3} 0= “Pilot confirms hold”
1= “Pilot requesting to line up and depart”
2= “Pilot confirms line up clearance”
3=" Pilot questions ATCO”
PILOTstudent € Pilot is a student or not. None
{0,1} 0=" NOT Student”
1=" Student”
ATCO.g ER Aircraft ID returned by ATCO None
ATCOmessage € Message from ATCO None
{1,2} 1= “Line up clearance”
2= “Hold message”
P5 PILOT.s ER Initial callsign of aircraft and known to None
pilot.
PILOTmessage € Intent of Pilot None
{0,1,2,3} 0= “Pilot confirms hold”
1= “Pilot requesting to line up and depart”
2= “Pilot confirms line up clearance”
3=" Pilot questions ATCO”
PILOTstudent € Pilot is a student or not. None
{0,1} 0=" NOT Student”
1=" Student”
ATCO.g ER Aircraft ID returned by ATCO None

1=" Totally Different” Aircraft Cork
2=""Similar” Aircraft Cork

3=" Very Similar” Aircraft Cork

4=" Totally Different” Aircraft Shannon
5=" Similar” Aircraft Shannon
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6=" Very Similar” Aircraft Shannon
ATCOmessage € Message from ATCO None
{1,2} 1= “Line up clearance”
2= “Hold message”
tesi€R Time it takes the aircraft to start and tgs1 =—1
complete line up from the moment of
receiving clearance.
P6 PILOT.s ER Initial callsign of aircraft and known to None
pilot.
PILOTmessage € Intent of Pilot None
{0,1,2,3} 0= “Pilot confirms hold”
1= “Pilot requesting to line up and depart”
2= “Pilot confirms line up clearance”
3=" Pilot questions ATCO”
PILOTstudent € Pilot is a student or not. None
{0,1} 0=" NOT Student”
1=" Student”
ATCO.g ER Aircraft ID returned by ATCO None
ATCOmessage € Message from ATCO None
{1,2} 1= “Line up clearance”
2= “Hold message”
Transitions
ID Transition Condition
G1 P1~AMASA {MASA Pilot Cork} > P2 AMASA {MASA Pilot te1 <0
Cork}
12 P2 A NOT Busy {Communication System Cork} "MASA None
{MASA Pilot Cork} = P3 ~ Pilot Message to ATCO
{Frequency Cork} "MASA {MASA Pilot Cork}
G3.1 | P3 AMASA {MASA Pilot Cork}-> P2AMASA {MASA Pilot trra3 <0
Cork}
13.2 | P3 A Incoming Message to Pilot {Frequency Cork} AMASA | None
{MASA Pilot Cork} = P4*MASA {MASA Pilot Cork}
14 P4 A NOT Busy {Communication System Cork} "MASA None
{MAGSA Pilot Cork}=> P5 ~ Pilot Message to ATCO
{Frequency Cork} "MASA {MASA Pilot Cork}
G5.1 | P5 AMASA {MASA Pilot Cork}—> P6*MASA {MASA Pilot PILOTmessage (P5) = 2 (Pilot
Cork} confirms line up clearance)
and tgs1<=0
G5.2 | P5SAMASA {MASA Pilot Cork} = P3A*MASA {MASA Pilot PILOTmessage (P5) = O (Pilot
Cork} confirms hold) or PILOTmessage
(P5) = 3 (Pilot questions ATCO)

Firing Functions

[») Firing Function
Gl One token is fired to place P2 with colours:

PILOTstudent = PILOTstudent (Pl)

One token is fired to MASA with the colours equal to incoming colours from place MASA.
12 One token is fired to place P3 with colours:

P“.OTa|d = CalISignAircraft_Cork_Departing_k MASA {MASA P”Ot COI’k}
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PILOTmessage = 1 (Pilot is ready to line up and depart)
P“-OTstudent = P”-OTstudent (PZ)

trrgz= sample = 0 from Gaussian distribution with:
Mean=30s

Std Dev=5s

One token is fired to place Pilot Message to ATCO {Frequency Cork} with colours:
PILOT.iq = Callsignaircraft_cork_peparting_k MASA {MASA Pilot Cork}
PILOTmessage = 1 (Pilot is ready to line up and depart)

One token is fired to MASA with the colours equal to incoming colours from place MASA.

G3

One token is fired to place P2 with colours:
PILOTstudent = P”-OTstudent (P3)

One token is fired to MASA with the colours equal to incoming colours from place MASA.

One token is fired to place P4 with colours:

PILOT.iq = PILOT.iq (P3)

PILOTmessage= PILOTmessage(P3)

PILOTstudent = PILOTstudent (P3)

ATCO.ig = ATCO.iq4 (Incoming Message to pilot {Frequency Cork})
ATCOmessage= ATCOmessage (INcOoming Message to pilot {Frequency Cork})

One token is fired to MASA with the colours equal to incoming colours from place MASA.

One token is fired to place Pilot Message to ATCO {Frequency Cork} with colours:
PILOT,iq = PILOT.iq (P4)

if PILOTaig= ATCOaiq
if ATCOmessage =1
P”.OTmessage =2;
else
P”.OTmessage =0;
end
elseif abs (PILOTaiq - ATCOaia) <=10 (callsign similarity: very similar)
if rand < ((1/300) +(student/300*0.25))
if ATCOmessage =1
P”_OTmessage =2;
else
P|LOTmessage =0,'
end
else
P”_OTmessage =3;
end
else (callsign similarity: similar)
if rand < ((1/500) +(student/500*0.25))
if ATCOmessage =1
P”.OTmessage =2;
else
PlLOTmessage =0;
end
else
PILOTmessage =3;
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end
else (callsign similarity: totally different)
if rand < ((1/5000) +(student/500*0.25))
If ATCOmessage =1
P”.OTmessage =2;
else
P|LOTmessage =0,'
end
else
P”_OTmessage =3;

end

One token is fired to place P5 with colours:
PILOT.ig = PILOT.i4 (P4)

PILOTmessage= PILOTmessage(P4)

P“-OTstudent = P”-OTstudent (P4)

ATCO,iq= ATCO,iq (P4)

ATCOmessage= ATCOmessage (P4)

tes.1= Sample 2 0 from Gaussian distribution with:
Mean=3s

Std Dev=1s

One token is fired to MASA with the colours equal to incoming colours from place MASA.

G5.1

One token is fired to place P6 with colours:
PILOT.ig = PILOT.iq (P5)

PILOTmessage= PILOTmessage(P5)

PILOTstudent = PILOTstudent (P5)

ATCO.ig = ATCO.iq (P5)

ATCOnmessage= ATCOmessage (P5)

One token is fired to MASA with the colours equal to incoming colours from place MASA.

G5.2

One token is fired to place P3 with colours:
PILOT.ig = PILOT.i4 (P5)

PILOTmessage= PILOTmessage(P5)

PILOTstudent = PILOTstudent (PS)

trrez = sample 2 0 from Gaussian distribution with:
Mean=60 s

Std Dev=5s

One token is fired to MASA with the colours equal to incoming colours from place MASA.

Initial markings
There is an initial token in P1 with colours:

PILOTstudent = 0 or 1 based on scenario parameters.

te1= Sample 2 0 from Gaussian distribution with:

Mean=5s

Std Dev=1s
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6. Agent ,,Pilot Cork Landing k “

6.1. Local Petri Net “MASA Pilot Cork”
Agent Pilot Cork Landing_k

LPN “Pilot Cork Tasks”

| |
Agent Airport Cork I C ) | Agent Aircraft Cork
| @ Open/Closed | T u,\;'::A J— Enﬂng__k_ 1
— e — — ——— — I Pilot Cork” I _____ -
| MASA ¥
I Agent Aircraft Cork
|| __ Departing k _
I G | 1
— — _l_ — c—
) .

Figure E-13: Pilot Cork Landing_k Local Petri Net “MASA Pilot Cork”

Incoming arcs within same agent
e Incoming arc from all transitions of LPN” Pilot Cork Tasks” to place MASA.

Outgoing arcs within same agent
e Qutgoing arc from place MASA to all transitions of LPN” Pilot Cork Tasks”.

Incoming arcs from another agent
e Enabling arc from place Open/Closed of agent Airport Cork to transition G.
e Enabling arc from all places of agent Aircraft Cork Departing_k to transition G.
e Enabling arc from all places of agent Aircraft Cork Landing_k to transition G.

Outgoing arc to another agent

e No outgoing arcs.

Places
Places SA Colour type Explanation Colour
function

MASA | SA of Pilot Callsignaircraft_cork_Landing_k Callsign of Aircraft None
Cork Cork Landing_k
Landing_k 2DPositionaircraft_cork_Landing_k Location of the None
about aircraft on the
Aircraft Cork airport surface. This
Landing_k is not going to be

modelled in the
petri net model.

Pl 'P8 Aircraft Cork Landing_k E LOCBtiOI’l Of the NOI’le
{Approach, Landing, Taxi, Gate, | aircraft on the
Taxi out, Departure Holding airport surface

Point, Line up, Departure}
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SA of Pilot P1 -P3 pilot cork Departing_k € Location of the None
Cork {Approach, Landing, Taxi, Gate, | aircraft on the
Landing_k Taxi out, Departure Holding airport surface
about Point, Line up, Departure}
Aircraft Cork
Departing_k
SA of Pilot Name airport_cork This is the name of N/A
Cork the aircraft are
Landing_k located. This is not
about going to be
Airport Cork modelled in the
petri net model.
Runway/taxiway layout airport_cork | This is the layout of N/A

the airport that the
pilot is aware of.
This is not modelled
in the petri net
model.
Open/Closed airport_cork€ {0,1} Airport is Open or None
Closed.

0=" Closed”
1=" Open”
Refresh rate | tc€E R Refresh rate to tc=-1
check and update
the position of all
aircraft.

Transitions

Transition Condition

G MASA A (P1 VP2V P3VP4VP5VP6YP7VPS8){Aircraft Cork tc<0
Departing_k} A (P1 VP2V P3VP4VP5VP6VP7VP8){Aircraft Cork
Landing_k} Open/Closed {Airport Cork} 2> MASA

Firing Functions

[») Firing Function
G One token is fired to place MASA with colours:

SA of Pilot Cork Landing_k about Aircraft Cork Landing_k
Cal|SignAircraft_Cork_Landing_k = Callsign {MASA}
2DPositionaircraft_cork_Landing kiS Not modelled, therefore not updated
P1 -P8 aircraft Cork Landing k = Name of incoming place of (P1 VP2 VP3V P4V P5VP6
vV p7 Vv P8) {Pilot Cork Tasks [Pilot Cork Landing_k]}

SA of Pilot Cork Landing_k about Aircraft Cork Departing_k
P1 'PS Pilot Cork Departing_k = Name Of incoming place Of (Pl v P2 v P3 v P4 VP5 v P6 v
P7 V P8) {Pilot Cork Tasks [Pilot Cork Departing_k]}

SA of Pilot Cork Landing_k about Airport Cork
Name Airport_Cork = Name Airport_Cork (MASA)
Runway/taxiway layout aiport_cork = RUnway/taxiway layout airport_cork (MASA)
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Open/Closed= Open/Closed {Airport Cork}

refresh rate in seconds
tg=1

Initial markings
One token is in MASA with the following colours:

SA of Pilot Cork Landing_k about Aircraft Cork Landing_k
Callsignaircrat_cork_Landing_k = 200
2DPositionaircraft_cork_Landing k1S Not modelled
P1 -P8 aircraft cork Landing k = P6

SA of Pilot Cork Landing_k about Aircraft Cork Departing_k
P1 -Ps pilot cork Departing_k = P2

SA of Pilot Cork Landing_k about Airport Cork

Name Airport_Cork = Cork
Runway/taxiway layout aiport_cork is Not modelled

Open/Closed = Open
refresh rate in seconds
tc=1

6.2. Local Petri Net “Pilot Cork Tasks”

Agent Pilot Cork
Landing_k

LPN “Pilot Cork Tasks”
Pilot (o)
landing <+/

Pilot

| |
| |
' |
| , |
I landed <> — ] | l
' |
' |
' |
! |

Agent Aircraft Cork
Landing_k

A — o

LPN
“MASA
Pilot Cork”

Figure E-14: Local Petri Net “Pilot Cork Tasks”

Incoming arcs within same agent
e Incoming arc from place MASA of LPN” MASA Pilot Cork” to all transitions.
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Outgoing arcs within same agent
e Qutgoing arc from all transitions to place MASA of LPN “MASA Pilot Cork”.

Incoming arcs from another agent
e No incoming arcs.

Outgoing arc to another agent
e No outgoing arcs.

Places
Places  Colour type Explanation Colour function
Pilot tsimulation Simulation time based on the time to give tsimutation = —1
Landing landing clearance in Cork.
Pilot None
Landed

Transitions

ID Transition Condition

G Pilot Landing "Open/Closed {Airport Cork} *MASA {MASA Pilot tsimulation <O
Cork} = Pilot Landing AMASA {MASA Pilot Cork}

Firing Functions

ID Firing Function
G One token is fired to place Pilot Landed with no colours.

Initial markings
One token in place Pilot landing with the following colours:

tsimulation = Average time of 3 minutes (minimum landing clearance given at 30 s, decision height).
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7. Agent ,Pilot Shannon_k “
7.1. Local Petri Net “MASA Pilot Shannon”

Agent Pilot Shannon_k Agent
Airport Shannon

r—--"-—-""—"-""""""—"="—"=—"—¥——-— O -
I LPN “Pilot Shannon Tasks || @Open/CIosed |
I ( ) I [ |
| | b ———— =
| LPN I
| “MASA Pilot Shannon” |

I
| MASA I Agent Aircraft
| : Shannon_k
I . I r _____ I
I i |
I | - - - — =
L |

Figure E-15: Pilot Shannon_k Local Petri Net “MASA Pilot Shannon”

Incoming arcs within same agent
e Incoming arc from all transitions of LPN” Pilot Shannon Tasks” to place MASA.

Outgoing arcs within same agent
e QOutgoing arc from place MASA to all transitions of LPN” Pilot Shannon Tasks”.

Incoming arcs from another agent
e Enabling arc from place Open/Closed of agent Airport Shannon to transition G.
e Enabling arc from all places of agent Aircraft Shannon_k to transition G.

Outgoing arc to another agent

e No outgoing arcs.

Places
Places SA Colour type Explanation Colour
function
MASA | SA of Pilot Callsignaircraft_shannon_k Callsign of Aircraft None
Shannon_k Shannon_k
about 2DPositionaircraft_shannon_k Location of the aircraft None
Aircraft on the airport surface.
Shannon_k This is not going to be
modelled in the petri
net model.
P1 -Ps pitot shannon_k € Location of the aircraft None
{Approach, Landing, Taxi, on the airport surface
Gate, Taxi out, Departure
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Holding Point, Line up,
Departure}
SA of Pilot Name airport_shannon This is the name of the N/A
Shannon_k aircraft are located. This
about is not going to be
Airport modelled in the petri
Shannon net model.
Runway/taxiway layout This is the layout of the N/A
Airport_Shannon airport that the pilot is
aware of. This is not
modelled in the petri
net model.
Open/Closed airport shannon€ Airport is Open or None
{0,1} Closed.
0=" Closed”
1=" Open”
Refresh rate | tc€E R Refresh rate to check tc=—1
and update the position
of all aircraft.

Transitions

Transition Condition

G MASA A (P1 VP2V P3VP4VP5VYP6YVP7VP8){Aircraft Shannon_k}* te<0
Open/Closed {Airport Shannon} 2> MASA

Firing Functions

[») Firing Function
G One token is fired to place MASA with colours:

SA of Pilot Shannon_k about Aircraft Shannon_k
Callsignaircraft_shannon_k = Callsign {MASA}
2DPositionaircraft_shannon_k is Not modelled, therefore not updated
P1 -Ps piiot shannon_k = Name of incoming place of (P1 VP2 VP3 VP4V P5VP6VP7V
P8) {Pilot Shannon Tasks [Pilot Shannon_k]}

SA of Pilot Shannon_k about Airport Shannon
Name Airport_Shannon = Name Airport_Shannon (MASA)
Runway/taxiway layout airport_shannon = RUnway/taxiway layout airport_shannon (MASA)
Open/Closed= Open/Closed {Airport Shannon}

refresh rate in seconds
tG =1

Initial markings
One token is in MASA with the following colours:

SA of Pilot Shannon_k about Aircraft Shannon_k
Ca”SignAircraft_Shannon_k =300
2DPositionaircraft_shannon_kiS Not modelled

P1-Ps pilot Shannon_k — P6
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SA of Pilot Shannon_k about Airport Shannon

Name Airport_Shannon = Shannon
Runway/taxiway layout airport_shannon is Not modelled

Open/Closed = Open
refresh rate in seconds
tc=1

7.2. Local Petri Net “Pilot Shannon Tasks”

Agent Pilot Shannon_k

LPN “Pilot Shannon Tasks”

( P1 )

Pilot is ready to line up its
aircraft for departure

Agent
Communication
System Shannon

Delay to request line up
clearance

| IPN

I
l P2
L —— == » Frequency Shannon”

Pilot is ready to request ‘
line up for departure

Incoming message to N
Pilot

Pilot message to ATCO
<

<

A
P3

Pilot waiting for clearance to
line up or holding message
from ATCO

J

P4

Pilot has received clearance to
line up or holding message
from ATCO

P5
Pilot ready to line up or hold ‘
Line up time Agent Aircraft
Shannon Departing_k
6 ST 1
Pilot lined up C/ | % G6 |
N J ., L _ - __ a
A

LPN
“MASA Pilot Shannon”

Figure E-16: Local Petri Net “Pilot Shannon Tasks”

Incoming arcs within same agent
e Incoming arc from LPN “MASA Pilot Shannon” to all transitions of LPN” Pilot Shannon Tasks”.

Outgoing arcs within same agent
e Qutgoing arc from all transitions of LPN” Pilot Shannon Tasks” to place MASA of LPN “MASA
Pilot Shannon”.
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Incoming arcs from another agent

Incoming arcs from place Incoming Message to Pilot in IPN “Frequency Shannon” to

transition 13.2.

Two inhibitor arcs from place Busy in agent “Communication System Shannon” to transitions

12 and 4.

Outgoing arc to another agent

2 outgoing arcs from transitions 12 and 14 to place Pilot message to ATCO in IPN “Frequency

Shannon”.

One enabling arc to from place P6 to transition G6 of agent Aircraft Shannon_k.

Places
Places Colour type Explanation Colour function
P1 PILOTstudent € Pilot is a student or not. None
{0,1} 0=" NOT Student”
1=" Student”
ta1ER Pilot time delay to request line up tg1 = —1
clearance from ATCO.
P2 PILOTstudent € Pilot is a student or not. None
{0,1} 0=" NOT Student”
1=" Student”
P3 PILOT.s ER Initial callsign of aircraft and known to None
pilot.
PILOTmessage € Intent of Pilot None
{0,1,2,3} 0= “Pilot confirms hold”
1= “Pilot requesting to line up and depart”
2= “Pilot confirms line up clearance”
3=" Pilot questions ATCO"”
PILOTstudent € Pilot is a student or not. None
{0,1} 0=" NOT Student”
1=" Student”
trra3z € R Time to repeat request by pilot. trras = —1
P4 PILOT.s ER Initial callsign of aircraft and known to None
pilot.
PILOTmessage € Intent of Pilot None
{0,1,2,3} 0= “Pilot confirms hold”
1= “Pilot requesting to line up and depart”
2= “Pilot confirms line up clearance”
3=" Pilot questions ATCO”
PILOTstudent € Pilot is a student or not. None
{0,1} 0=" NOT Student”
1=" Student”
ATCO.g ER Aircraft ID returned by ATCO None

1=" Totally Different” Aircraft Shannon
2=""Similar” Aircraft Shannon

3=" Very Similar” Aircraft Shannon

4=" Totally Different” Aircraft Shannon
5=" Similar” Aircraft Shannon

6=" Very Similar” Aircraft Shannon
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ATCOmessage € Message from ATCO None
{1,2} 1= “Line up clearance”
2= “Hold message”
P5 PILOT.s ER Initial callsign of aircraft and known to None
pilot.
PILOTmessage € Intent of Pilot None
{0,1,2,3} 0= “Pilot confirms hold”
1= “Pilot requesting to line up and depart”
2= “Pilot confirms line up clearance”
3=" Pilot questions ATCO”
PILOTstudent € Pilot is a student or not. None
{0,1} 0=" NOT Student”
1=" Student”
ATCO.g ER Aircraft ID returned by ATCO None
1=" Totally Different” Aircraft Shannon
2=" Similar” Aircraft Shannon
3=" Very Similar” Aircraft Shannon
4=" Totally Different” Aircraft Shannon
5=" Similar” Aircraft Shannon
6=" Very Similar” Aircraft Shannon
ATCOmessage € Message from ATCO None
{1,2} 1= “Line up clearance”
2= “Hold message”
tesi€R Time it takes the aircraft to start and tgs1 =—1
complete line up from the moment of
receiving clearance.
P6 PILOT.q ER Initial callsign of aircraft and known to None
pilot.
PILOT message € Intent of Pilot None
{0,1,2,3} 0= “Pilot confirms hold”
1= “Pilot requesting to line up and depart”
2= “Pilot confirms line up clearance”
3=" Pilot questions ATCO"”
PILOTstudent € Pilot is a student or not. None
{0,1} 0=" NOT Student”
1=" Student”
ATCO.g ER Aircraft ID returned by ATCO None
1=" Totally Different” Aircraft Shannon
2=" Similar” Aircraft Shannon
3=" Very Similar” Aircraft Shannon
4=" Totally Different” Aircraft Shannon
5=" Similar” Aircraft Shannon
6=" Very Similar” Aircraft Shannon
ATCOmessage € Message from ATCO None
{1,2} 1= “Line up clearance”
2= “Hold message”
Transitions
ID Transition Condition
G1 P1AMASA {MASA Pilot Shannon} > P2 AMASA {MASA te1 <0
Pilot Shannon}
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12 P2 A NOT Busy {Communication System Shannon} None
AMASA {MASA Pilot Shannon} = P3 * Pilot Message to
ATCO {Frequency Shannon} AMASA {MASA Pilot
Shannon}
G3.1 | P3 AMASA {MASA Pilot Shannon}-> P2AMASA {MASA trrez <0
Pilot Shannon}
13.2 | P3 A Incoming Message to Pilot {Frequency Shannon} None
AMASA {MASA Pilot Shannon} = P4*MASA {MASA Pilot
Shannon}
14 P4 A NOT Busy {Communication System Shannon} None
AMASA {MASA Pilot Shannon}=> P5 ~ Pilot Message to
ATCO {Frequency Shannon} AMASA {MASA Pilot
Shannon}
G5.1 | P5 AMASA {MASA Pilot Shannon}> P6AMASA {MASA PILOTmessage (P5) = 2 (Pilot
Pilot Shannon} confirms line up clearance)
and tgs1<=0
G5.2 | P5SAMASA {MASA Pilot Shannon} 2 P3A*MASA {MASA PILOTmessage (P5) = O (Pilot
Pilot Shannon} confirms hold) or PILOTmessage

(P5) = 3 (Pilot questions ATCO)

Firing Functions

[») Firing Function
Gl One token is fired to place P2 with colours:

PILOTstudent = PILOTstudent (P1)

One token is fired to MASA with the colours equal to incoming colours from place MASA.
12 One token is fired to place P3 with colours:

PILOT,ig = Callsignaircraft_shannon_k MASA {MASA Pilot Shannon}

PILOTmessage = 1 (Pilot is ready to line up and depart)

PILOTstudent = PILOTstudent (P2)

trrez= sample 2 0 from Gaussian distribution with:

Mean=30s

Std Dev=5s

One token is fired to place Pilot Message to ATCO {Frequency Shannon} with colours:

PILOT,ig = Callsignaircraft_shannon_k MASA {MASA Pilot Shannon}

PILOTmessage = 1 (Pilot is ready to line up and depart)

One token is fired to MASA with the colours equal to incoming colours from place MASA.
G3.1 | One token is fired to place P2 with colours:

PILOTstudent = PILOTstudent (P3)

One token is fired to MASA with the colours equal to incoming colours from place MASA.
13.2 | One token is fired to place P4 with colours:

PILOT,ig = PILOTaiq (P3)

PILOTmessage= PILOTmessage(P3)

PILOTstudent = PILOTstudent (P3)

ATCO,ia = ATCO,iq (Incoming Message to pilot {Frequency Shannon})
ATCOmessage= ATCOmessage (INcoming Message to pilot {Frequency Shannon})

One token is fired to MASA with the colours equal to incoming colours from place MASA.
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One token is fired to place Pilot Message to ATCO {Frequency Shannon} with colours:
PILOT.iq = PILOTaiq (P4)

if PILOT,ia= ATCOaig
if ATCOmessage =1
P”-OTmessage =2;
else
P”-OTmessage =0;
end
elseif abs (PILOTaiq - ATCO.ia) <=10 (callsign similarity: very similar)
if rand < ((1/300) +(student/300*0.25))
if ATCOmessage =1
PILOTmessage =2;
else
PILOTmessage =0;
end
else
PILOTmessage =3;
end
else (callsign similarity: similar)
if rand < ((1/500) +(student/500*0.25))
if ATCOmessage =1
PILOTmessage =2,

else
PlLOTmessage =0;
end
else
PILOTmessage =3;
End

else (callsign similarity: similar)
if rand < ((1/5000) +(student/500*0.25))
If ATCOmessage =1
P|LOTmessage =2,'
else
P|LOTmessage =0,'
end
else
P”_OTmessage =3;

end

One token is fired to place P5 with colours:

PILOT,iq = PILOT.iq (P4)

PILOTmessage= PILOTmessage(P4)

PILOTstudent = PILOTstudent (P4)

ATCO,ig = ATCO,iq (P4)

ATCOmessage= ATCOmessage (P4)

tes.1= Sample 2 0 from Gaussian distribution with:

Mean=3s

Std Dev=1s

One token is fired to MASA with the colours equal to incoming colours from place MASA.
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G5.1

One token is fired to place P6 with colours:
PILOT.ig = PILOT.iq (P5)

PILOTmessage= PILOTmessage(P5)

PILOTstudent = PILOTstugent (P5)

ATCO,ig = ATCOaig (P5)

ATCOmessage= ATCOmessage (PS)

One token is fired to MASA with the colours equal to incoming colours from place MASA.

G5.2

One token is fired to place P3 with colours:
PILOT.ig = PILOT.i4 (P5)

PILOTmessage= PILOTmessage(P5)

PILOTstudent = PILOTstudent (PS)

trrez = sample 2 0 from Gaussian distribution with:
Mean=60 s

Std Dev=5s

One token is fired to MASA with the colours equal to incoming colours from place MASA.

Initial markings
There is an initial token in P1 with colours:

PILOTstudent = 0 or 1 based on scenario parameters.

tei= Sample 2 0 from Gaussian distribution with:

Mean=5s

Std Dev=1s.
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8. Agent “Aircraft Cork Departing k”

Agent Agent Aircraft Cork
Remote Tower System Departing_k
r— - =--=-= I - = ==
I MASA Pl ‘
R |
L - — — — _ —

Agent Pilot Cork Departing_

— — —— — — — — — —

LPN “Pilot Cork Tasks”

P6
Pilot
lined

up

MA

U /A -

I
I
I
I
l LPN “MASA Pilot Cork”
I
I
I
I

Figure E-17: Agent Aircraft Cork Departing_k

Incoming arcs within same agent
e Noincoming arcs.

Outgoing arcs within same agent

e No outgoing arcs.

Incoming arcs from other agents
e One enabling arc from place P6 of LPN “Pilot Cork Tasks “agent Pilot Cork Departing_k to
transition 16.
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Outgoing arc to other agents
e Enabling arcs from all places to transition G3 of agent Remote Tower System.
e Enabling arcs from all places to transition G of LPN” MASA Pilot Cork” of agent Pilot Cork

Landing_k.
e Enabling arcs from all places to transition G of LPN” MASA Pilot Cork” of agent Pilot Cork
Departing_k.

Places
Places Colour type Explanation Colour function
P1 Callsign e R Callsign of the aircraft None
(Approach)
P2 Callsign e R Callsign of the aircraft None
(Landing)
P3 Callsign e R Callsign of the aircraft None
(Taxi in)
P3 Callsign e R Callsign of the aircraft None
(Gate)
P4 Callsign e R Callsign of the aircraft None
(Taxi out)
P6 Callsign e R Callsign of the aircraft None
(Departure
Holding
Point)
P7 Callsign e R Callsign of the aircraft None
(Line up)
P8 Callsign e R Callsign of the aircraft None
(Departure)

Transitions

There are 7 transitions in this LPN. l.e. between places P1 and P2, between P2 and P3, etc.

However, the scope of this simulation includes only the status change of agent “Aircraft Cork
Departing_k” from place P6 (Departure Holding Point) to place P7 (Line up).

Transition Condition
16 P2 ~ P6(Pilot Lined up) {Pilot Cork Tasks [Pilot Cork Landing_k]} =2 None
P7(Line up)

Firing Functions
None

Initial markings
One token present in P6 with the following colours:

Callsign=100
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9. Agent “Aircraft Cork Landing k”

Agent Aircraft Cork
Landing_k

Agent Pilot Cork Landing_k
LPN “Pilot Cork Tasks”

Pilot 7

landed () —/

MA)
:

I I
I I
I I
I I
I LPN “MASA Pilot Cork” I
I I
I I
I I
I I

Agent
Remote Tower System

Figure E-18: Agent Aircraft Cork Landing_k

Incoming arcs within same agent
e No incoming arcs.

Outgoing arcs within same agent
e No outgoing arcs.

Incoming arcs from other agents
e One enabling arc from place Pilot landed of LPN”” agent Pilot Cork Landing_k to transition I2.

Outgoing arc to other agents
e Enabling arcs from all places to transition G2 of agent Remote Tower System.
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e Enabling arcs from all places to transition G of LPN” MASA Pilot Cork” of agent Pilot Cork

Landing_k.
e Enabling arcs from all places to transition G of LPN” MASA Pilot Cork” of agent Pilot Cork
Departing_k.

Places
Places Colour type Explanation Colour function
P1 Callsign e R Callsign of the aircraft None
(Approach)
P2 Callsign e R Callsign of the aircraft None
(Landing)
P3 Callsign e R Callsign of the aircraft None
(Taxi in)
P3 Callsign e R Callsign of the aircraft None
(Gate)
P4 Callsign e R Callsign of the aircraft None
(Taxi out)
P6 Callsign e R Callsign of the aircraft None
(Departure
Holding
Point)
P7 Callsign e R Callsign of the aircraft None
(Line up)
P8 Callsign e R Callsign of the aircraft None
(Departure)

Transitions

There are 7 transitions in this LPN. l.e. between places P1 and P2, between P2 and P3, etc.

However, the scope of this simulation includes only the status change of agent Aircraft Cork Landing_k
from place P2 (Landing) to place P3 (Taxi in).

Transition Condition

12 P2 ~ Pilot landed {Pilot Cork Tasks [Pilot Cork Landing_k]} = P3 None

Firing Functions
None

Initial markings
One token present in P2 with the following colours:

Callsign= 200
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10.Agent “Aircraft Shannon_k”
Agent Aircraft
Shannon_k
Agent Pilot Shannon_k
|- ——— - ———————— Agent
Remote Tower System
______ b |
MASA

LPN “Pilot Shannon Tasks”
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“MAGSA Pilot Shannon”
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Figure E-19: Agent Aircraft Shannon_k

Incoming arcs within same agent
e Noincoming arcs.

Outgoing arcs within same agent

e No outgoing arcs.

Incoming arcs from other agents
e One enabling arc from place P6 of LPN “Pilot Shannon Tasks “agent Pilot Shannon
Departing_k to transition 6.

Outgoing arc to other agents
e Enabling arcs from all places to transition G5 of agent Remote Tower System.
e Enabling arcs from all places to all transitions of LPN” MASA Pilot Shannon” of agent Pilot
Shannon_k.
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Places
Places Colour type Explanation Colour function
P1 Callsign € R Callsign of the aircraft None
(Approach)
P2 Callsign e R Callsign of the aircraft None
(Landing)
P3 Callsign e R Callsign of the aircraft None
(Taxi in)
P3 Callsign e R Callsign of the aircraft None
(Gate)
P4 Callsign e R Callsign of the aircraft None
(Taxi out)
P6 Callsign e R Callsign of the aircraft None
(Departure
Holding Point)
P7 Callsign e R Callsign of the aircraft None
(Lined up)
P8 Callsign e R Callsign of the aircraft None
(Departure)

Transitions

There are 7 transitions in this LPN. l.e. between places P1 and P2, between P2 and P3, etc.

However, the scope of this simulation includes only the status change of agent “Aircraft Shannon
Departing_k” from place P6 (Departure Holding Point) to place P7 (Lined up).

Transition Condition

16 P2 ~ P6(Pilot Lined up) {Pilot Shannon Tasks [Pilot Shannon_k]} =2 None
P7(Lined up)

Firing Functions
None

Initial markings
One token present in P6 with the following colours:

Callsign=300
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11.Agent “Airport Cork”

Agent Pilot Cork

Departing_k

| T onmasariotcon —| Agent Airport Agent

| Cork Remote Tower System
L T _| |

@ Open/Closed |
Agent Pilot Cork
Landing_k

I
— ek _ |___|.__

Figure E-20: Agent Airport Cork

Incoming arcs within same agent
e No incoming arcs.

Outgoing arcs within same agent
e No outgoing arcs.

Incoming arcs from other agents
e No incoming arcs.

Outgoing arc to other agents
e Enabling arc to from place Open/Closed to LPN “MASA Pilot Cork “of agent Pilot Cork
Departing_k.
e Enabling arc to from place Open/Closed to LPN “MASA Pilot Cork “of agent Pilot Cork
Landing_k.

e Enabling arc to from place Open/Closed to transition G1 of agent Remote Tower System.

Places
Places Colour type Explanation Colour function
Open/Closed | Open/Closed€e Airport is Open or Closed. None
{0,1} 0=" Closed”
1=" Open”
Transitions
None

Firing Functions
None

Initial markings
One token in Open/Closed with the colour:

Open/Closed=1
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12.Agent “Airport Shannon”

Agent Pilot Agent Airport Agent
Remote Tower System

Shannon_k Shannon

— — — — — e e— e c— —

Figure E-21: Agent Airport Shannon

Incoming arcs within same agent

e Noincoming arcs.

Outgoing arcs within same agent
e No outgoing arcs.

Incoming arcs from other agents
e Noincoming arcs.

Outgoing arc to other agents
e Enabling arc to from place Open/Closed to LPN “MASA Pilot Shannon “of agent Pilot
Shannon_k.

e Enabling arc to from place Open/Closed to transition G4 of agent Remote Tower System.

Places
Colour type Explanation Colour function
Open/Closed | Open/Closed€e Airport is Open or Closed. None
{0,1} 0=" Closed”
1=" Open”
Transitions
None

Firing Functions
None

Initial markings
One token in Open/Closed with the colour:

Open/Closed=1
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13.Agent ,,Communication System Cork “

Agent Communication System Cork

Qto pilot

Agent ATCO Agent Pilot Cork Departing
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Figure E-22: Agent Communication System Cork

Incoming arcs within same agent
e No incoming arcs.

Outgoing arcs within same agent
e No outgoing arcs.

Incoming arcs from another agent
e Oneincoming arc to transition 15 from place Pilot Message to ATCO of IPN “Frequency Cork”.
e Oneincoming arc to transition G6 from place ATCO message to Pilot of IPN “Outgoing
Message” of agent “ATCO”

Outgoing arc to another agent
e One outgoing arc from G1 to place Incoming Message to ATCO of IPN “Incoming Message”
of agent “ATCO”.
e One outgoing arc from G2 to place Incoming Message to Pilot of IPN “Frequency Cork”.
e Two inhibitor arcs to transitions 12 and 14 of agent “Pilot Cork Departing_k” from place Busy.
e One inhibitor arc to transition G3.2 of LPN “ATCO Tasks” of agent “ATCO” from place Busy.

Places
Places \ Colour type \ Explanation Colour function
Busy Callsign € R Callsign communicated in None
message
Message€ {0,1,2,3,99} | The message can be from None
Pilot or ATCO
If from ATCO:

Message from ATCO
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1= “Line up clearance”
2= “Hold message”

If from Pilot:

Intent of Pilot

0= “Pilot confirms hold”
1= “Pilot requesting to line
up and depart”

2= “Pilot confirms line up
clearance”

3=" Pilot questions ATCO"

Or if from 3 Party:
99="3" Party Message”

tcommsystemoccup E R

Duration of the transmission
of communication system.

tcommsystemoccup =

-1

tcommsystem3rdpartyfree eER

Duration of communication
system being free from 3™
party communication.

When tcommsystem3rdpartyfree < 0; d
3™ party communication
occurs on the communication
system.

tcommsystem3rdpartyfree = -

Destination € {0,1,2}

Where the message is
intended to go

0=" ATCO”

1=" PILOT”

2="3" Party”

None

Not tcommsystem3rdpartyfree € R Duration of communication fcommsystemg,rdpartyme = -
busy system being free from 3™
party communication.
When tcommsystemardpartyfree < 0, @
3" party communication
occurs on the communication
system.
Transitions
ID Transition Condition
Gl Busy = NOT Busy ~ Incoming Message to ATCO tcommsystemoccup < 0 @and
{Incoming Message [ATCO]} Destination=0
G2 Busy = NOT Busy ~ Incoming Message to Pilot tcommsystemoccup < 0 @and
{Frequency Cork} Destination=1
G3 Busy = NOT Busy tcommsystemoccup < O @and
Destination=2
G4 NOT BUSY 9 BUSY tcommsystem3rdpartyfree <0
15 NOT Busy * Pilot Message to ATCO {Frequency Cork}~> None
Busy
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G6

NOT Busy » ATCO message to Pilot {Outgoing Message F {Outgoing message [ATCO]}
[ATCO]} = Busy =" Cork”

Firing Functions

[»)
G1

Firing Function
One token is fired to NOT Busy with the colours:

tcommsystem3rdpartyfree = tcommsystem3rdpartyfree( BUSY)

One token is fired to Incoming Message to ATCO {Incoming Message [ATCO]} with the
colours:

PILOTaig = PILOT,ia (Busy)

PILOT message = PILOTmessage (BUSY)

G2

One token is fired to NOT Busy with the colours:

tcommsystem3rdpartyfree = tcommsystem3rdpartyfree (BUSV)

One token is fired to Incoming Message to Pilot {Frequency Cork} with the colours:
ATCO.ig = ATCO.ig (Busy)
ATCOmessage = ATCOmessage (Busy)

G3

One token is fired to NOT Busy with the colours:
tcommsystem3rdpartyfree= Sample = 0 from Gaussian distribution with:
Mean=30s

Std Dev=10s

G4

One token is fired to Busy with the colours:

teommsystemoccup = Sample = 0 from Gaussian distribution with:
Mean=5s

Std Dev=2s

tcommsystem3rdpartyfree: 0

Destination=2

Message = 99

Callsign=99

One token is fired to Busy with the colours:

Callsign = PILOT.iq (Pilot Message to ATCO {Frequency Cork?})
Message= PILOTmessage (Pilot Message to ATCO {Frequency Cork})
tcommsystemoccup = Sample 2 0 from Gaussian distribution with:
Mean=5s

Std Dev=2 s

tcommsystem3rdpartyfree= tcommsystem3rdpartyfree (NOT BUSV)

Destination=0

G6

One token is fired to Busy with the colours:

Callsign = PILOT.iq (ATCO message to Pilot {Outgoing Message [ATCO]})
Message= ATCOmessage (ATCO message to Pilot {Outgoing Message [ATCO]}]})
teommsystemoccup = Sample 2 0 from Gaussian distribution with:

Mean=5s

Std Dev=2s

tcommsystem3rdpartyfree = tcommsystem3rdpartyfree (NOT BUSV)

Destination=1

Initial markings

There are no initial tokens in any of the places.
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14.Agent ,,Communication System Shannon “

Agent Communication System Shannon
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Figure E-23: Agent Communication System Shannon

Incoming arcs within same agent
e Noincoming arcs.

Outgoing arcs within same agent

e No outgoing arcs.

Incoming arcs from another agent
e Oneincoming arc to transition I5 from place Pilot Message to ATCO of IPN “Frequency
Shannon”.
e Oneincoming arc to transition G6 from place ATCO message to Pilot of IPN “Outgoing
Message” of agent “ATCO”

Outgoing arc to another agent
e One outgoing arc from G1 to place Incoming Message to ATCO of IPN “Incoming Message”
of agent “ATCO”.
e One outgoing arc from G2 to place Incoming Message to Pilot of IPN “Frequency Shannon”.
e Two inhibitor arcs to transitions 12 and 14 of agent “Pilot Shannon_k” from place Busy.
e One inhibitor arc to transition G3.1 of LPN “ATCO Tasks” of agent “ATCO” from place Busy.

Explanation Colour function
Busy Callsign € R Callsigh communicated None
in message

Message € {0,1,2,3,99} The message can be None
from Pilot or ATCO
If from ATCO:
Message from ATCO
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1= “Line up clearance”
2= “Hold message”

If from Pilot:

Intent of Pilot

0= “Pilot confirms
hold”

1= “Pilot requesting to
line up and depart”
2= “Pilot confirms line
up clearance”

3=" Pilot questions
ATCO”

Or if from 3™ Party:
99="3" Party Message”

tcommsystemoccup E R

Duration of the
transmission of

communication system.

tcommsystemoccup =

-1

Teommsystem3rdpartyfree € R Duration of tcommsystem3rdpartyfree =-1
communication system
being free from 3™
party communication.
When
tcommsysteerdpartyfree < 0; d
3" party
communication occurs
on the communication
system.
Destination € {0,1,2} Where the message is None
intended to go
0=" ATCO”
1=" PILOT”
2="3" Party”
Not teommsystemardpartyfree € R Duration of tcommsystem3rdpartyfree =-1
busy communication system

being free from 3™
party communication.

When
tcommsystem3rdpartyfree5 O, a
3" party
communication occurs
on the communication
system.
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Transitions

ID  Transition Condition

G1 | Busy = NOT Busy # Incoming Message to ATCO {Incoming teommsystemoccup < 0 and
Message [ATCO]} Destination=0

G2 | Busy = NOT Busy * Incoming Message to Pilot {Frequency teommsystemoccup < 0 and
Shannon} Destination=1

G3 | Busy = NOT Busy tcommsystemoccup < 0 and

Destination=2

G4 NOT BU5y 9 BUSV tcommsystem3rdpartyfree <0

15 NOT Busy ” Pilot Message to ATCO {Frequency None
Shannon}~> Busy

G6 | NOT Busy * ATCO message to Pilot {Outgoing Message F {Outgoing message [ATCO]}
[ATCO]} = Busy =” Shannon”

Firing Functions

1D
G1

Firing Function
One token is fired to NOT Busy with the colours:

tcommsystem3rdpartyfree = tcommsystem3rdpar‘tyfree (BUSV)

One token is fired to Incoming Message to ATCO {Incoming Message [ATCO]} with the
colours:

PILOT.iq = Callsign (Busy)

PILOT message = Message (Busy)

G2

One token is fired to NOT Busy with the colours:

tcommsystem3rdpartyfree = tcommsystem3rdpar‘tyfree (BUSV)

One token is fired to Incoming Message to Pilot {Frequency Shannon} with the colours:
ATCO.iq = Callsign (Busy)
ATCOmessage = Message (Busy)

G3

One token is fired to NOT Busy with the colours:
Tcommsystemardpartyfree= Sample 2 0 from Gaussian distribution with:
Mean=30s

Std Dev=10s

G4

One token is fired to Busy with the colours:

PILOT.iq =99

ATCOmessage: 99

PILOT message = 99

Teommsystemoccup = Sample 2 0 from Gaussian distribution with:
Mean=5s

Std Dev=2 s

tcommsystem3rdpartyfree= 0

One token is fired to Busy with the colours:

PILOT.ig = PILOT.iq (Pilot Message to ATCO {Frequency Shannon})
ATCOmessage= 99

PILOTmessage = PILOTmessage (Pilot Message to ATCO {Frequency Shannon})
tcommsystemoccup = Sample 2 0 from Gaussian distribution with:

Mean=5s

Std Dev=2 s

Teommsystem3rdpartyfree = Tcommsystem3rdpartyfree (NOT Busy)

One token is fired to Busy with the colours:
PILOT.ig = PILOT.iq (ATCO message to Pilot {Outgoing Message [ATCO]})
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ATCOmessage= ATCOmessage (ATCO message to Pilot {Outgoing Message [ATCO]}1})

teommsystemoccup = Sample 2 0 from Gaussian distribution with:
Mean=5s
Std Dev=2s

Teommsystem3rdpartyfree = Tcommsystem3rdpartyfree (NOT Busy)

Initial markings
There are no initial tokens in any of the places.



Agent-based Safety Modelling and Simulation of Controlling Two Airports from One Remote Tower | 135
Agent “Remote Tower System”

15.Agent “Remote Tower System”

Agent ATCO

Agent Aircraft Agent Agent Aircraft Agent Aircraft Agent Airport
Shannon_k Airport Shannon Cork Departing_k Cork Landing_k Cork
_>hannon_Xx | phu

— —— —— —_—— o —_— 2= __I -— e —

B e ‘T‘J =

Figure E-24: Agent Remote Tower System

Incoming arcs within same agent
e No incoming arcs.

Outgoing arcs within same agent
e No outgoing arcs.

Incoming arcs from other agents
e Enabling arcs to from all places of agent Aircraft Shannon_k to transition G5.
e Enabling arcs to from all places of agent Airport Shannon to transition G4.
e Enabling arcs to from all places of agent Aircraft Cork Departing_k to transition G3.
e Enabling arcs to from all places of agent Aircraft Cork Landing_k to transition G2.
e Enabling arcs to from all places of agent Airport Cork to transition G1.

Outgoing arc to other agents
e Enabling arc from place MASA to transition G of LPN “ATCO MASA” of agent ATCO.

Places
Places SA Colour type Explanation Colour
function
MASA SA of Remote Callsignaircraft_cork_Landing_k Callsign of Aircraft None
Tower System Cork Landing_k
about Aircraft 2DPositioNaircraft_cork_Landing kE Location of the None
Cork Landing k | {Cork, Shannon} aircraft on the
airport surface.
This is simplified by
indicating the
airport where the
aircraft is.
P1 -P8 aircraft Cork Landing k € Location of the None
{Approach, Landing, Taxi, Gate, | aircraft on the
Taxi out, Departure Holding airport surface
Point, Lined up, Departure}
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SA of Remote
Tower System
about aircraft
Cork
Departing k

Cal I5ignAircraft_Cork_Departing_k

Callsign of Aircraft
Cork Departing_k

None

2D POSitiOnAircraft_Cork_Departing_ke
{Cork, Shannon}

Location of the
aircraft on the
airport surface.
This is simplified by
indicating the
airport where the
aircraft is.

None

Pl 'PS Pilot Cork Departing_k €
{Approach, Landing, Taxi, Gate,
Taxi out, Departure Holding
Point, Lined up, Departure}

Location of the
aircraft on the
airport surface

None

SA of Remote
Tower System
about Aircraft
Shannon_k

Cal ISignAircraft_Shannon_k

Callsign of Aircraft
Shannon_k

None

2 DPOSi'tiOnAircraft_Shannon_ke {COI'k,
Shannon}

Location of the
aircraft on the
airport surface.
This is simplified by
indicating the
airport where the
aircraft is.

None

P1-Pg pilot Shannon_k € {Appl‘oaCh,
Landing, Taxi, Gate, Taxi out,
Departure Holding Point, Lined
up, Departure}

Location of the
aircraft on the
airport surface

None

SA of Remote
Tower System

about airport
Cork

Name Airport_Cork

This is the name of
the aircraft are
located. This is not
going to be
modelled in the
petri net model.

N/A

Runway/taxiway layout airport_cork

This is the layout of
the airport that the
pilot is aware of.
This is not
modelled in the
petri net model.

N/A

Open/CIOSGd AirportﬁCorkE {0,1}

Airport is Open or
Closed.

0=" Closed”

1=" Open”

None

SA of Remote

Tower System
about Airport
Shannon

Name Airport_Shannon

This is the name of
the aircraft are
located. This is not
going to be
modelled in the
petri net model.

N/A

Runway/taxiway layout

Airport_Shannon

This is the layout of
the airport that the
pilot is aware of.

N/A
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This is not
modelled in the
petri net model.

Open/Closed airport shamon€ {0,1} | Airport is Open or None
Closed.
0=" Closed”
1=" Open”
Refresh rate tc€E R Refresh rate to tc=-1

check and update
the position of all

aircraft.
Transitions
[») Transition Condition
G1 MASA * Open/Closed {Airport Cork}> MASA te<0
G2 MASA ~ P1-P8{Aircraft Cork Landing _k}—> MASA tc<0
G3 MASA ~ P71-P8{Aircraft Cork Departing_k}—> MASA tc<0
G4 MASA * Open/Closed {Airport Shannon}—> MASA tc<0
G5 MASA » P71-P8{Aircraft Shannon_k}> MASA tc<0

Firing Functions

[») Firing Function
G1 One token is fired to place MASA with colours:
SA of Remote Tower System about Airport Cork
Name Airport_Cork = Name Airport_Cork (MASA)
Runway/taxiway layout airport cork = RUnway/taxiway layout airport_cork (MASA)
Open/Closed= Open/Closed {Airport Cork}
refresh rate in seconds
tg=1
G2 One token is fired to place MASA with colours:
SA of Remote Tower System about Aircraft Cork Landing_k
CalISignAircraft_Cork_Landing_k = Ca”Sign {MASA}
2DPositionaircraft_cork_Landing_k = Cork
P1 -Pg pilot cork Landing_k = Name of incoming place of (P1 VP2V P3 VP4V P5VP6YV
P7 Vv P8) {Pilot Cork Tasks [Pilot Cork Landing_k]}
refresh rate in seconds
tg=1
G3 One token is fired to place MASA with colours:
SA of Remote Tower System about Aircraft Cork Departing_k
Cal|SignAircraft_Cork_Departing_k = CalISign {MASA}
2DPositionaircraft_cork_peparting_k = Cork
P1 -Pg pilot cork Departing_« = Name of incoming place of (P1 VP2V P3 VP4V P5YVP6V
P7 Vv P8) {Pilot Cork Tasks [Pilot Cork Departing_k]}
refresh rate in seconds
tg=1
G4 One token is fired to place MASA with colours:
SA of Remote Tower System about Airport Shannon
Name Airport_Shannon= Name Airport_Shannon (MASA)
Runway/taxiway layout airport_shannon= Runway/taxiway layout airport_shannon (MASA)
Open/Closed= Open/Closed {Airport Shannon}
G5 One token is fired to place MASA with colours:

SA of Remote Tower System about Aircraft Shannon_k
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CalISignAircraft_Shannon_k = CalISign {MASA}
2DPositionaircraft_shannon_k = Shannon
P1 -Pg pilot shannon_k = Name of incoming place of (P1 VP2V P3 VP4V P5VP6VP7YV
P8) {Pilot Cork Tasks [Pilot Shannon_k]}
refresh rate in seconds
tg=1

Initial markings
One token is in MASA with the following colours:

SA of Remote Tower System about Aircraft Cork Departing_k
Callsignaircraft_cork_Landing_k = 100
2DPositionaircraft_cork_Landing_k = Cork
P1 -P8 aircraft Cork Landing k = P2

SA of Remote Tower System about Aircraft Cork Landing_k
Callsignaircraft_cork_Landing_k = 200
2DPositionaircraft_cork_Landing_k = Cork
P1 -P8 aircraft Cork Landing k = P6

SA of Remote Tower System about Aircraft Shannon_k
Callsignaircraft_shannon_k = 300
2DPositionaircraft_cork_Landing_k = Shannon
P1 -P8 aircraft Cork Landing k = P6

SA of Remote Tower System about Airport Cork

Name Airport_Cork = Cork
Runway/taxiway layout airport_cork is Not modelled

Open/Closed = Open
SA of Pilot Shannon Landing_k about Airport Shannon

Name Airport_Shannon = Shannon
Runway/taxiway layout airport_shannon is Not modelled

Open/Closed = Open

refresh rate in seconds

te=1
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16.IPN ,, Frequency Cork “

Agent Pilot
Agent Cork
Communication Departing
-

System Cork IPN “Frequency Cork ” -_————— =
LPN” Pilot Cork Tasks”
r N

» G3.2

I I Incoming message to
Pilot

8

Y

| |
l |
' L)
| I
Pilot message to ATCO I I
| <
| I
| |
| |

[

d
Y

i
I
I
I
J

Figure E-25: IPN Frequency Cork

Incoming arcs within same agent
e Noincoming arcs.

Outgoing arcs within same agent
e No outgoing arcs.

Incoming arcs from other agents
e Incoming arc from transition G2 in agent “Communication System Cork” to place Incoming
Message to Pilot.
e Two incoming arcs from transitions 12 and 14 of LPN “Pilot Cork Tasks” of agent “Pilot Cork
Departing_k” to place Pilot message to ATCO.

Outgoing arc to other agents
e Qutgoing arc from place Incoming Message to Pilot to transition 13.2 in LPN” Pilot Cork
Tasks” of agent “Pilot Cork Departing_k”.
e Qutgoing arc from place Pilot message to ATCO to transition I5 of agent “Communication
System Cork”.

Places
Places Colour type Explanation Colour function
Pilot PILOT.s ER Initial callsign of aircraft and known to None
message pilot.
to ATCO | PILOTmessage € Intent of Pilot None
{0,1,2,3} 0= “Pilot confirms hold”
1= “Pilot requesting to line up and
depart”

2= “Pilot confirms line up clearance”
3=" Pilot questions ATCO”

ATCO.4s ER Aircraft ID returned by ATCO None

139



140 | IPN ,, Frequency Cork “

Incoming | ATCOmessage €
Message | {1,2}
to Pilot

Message from ATCO
1= “Line up clearance’
2= “Hold message”

4

None

Transitions

There are no transitions present.

Initial markings

There are no tokens initially present.
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17.1PN ,,Frequency Shannon “

Agent Pilot
Agent Shannon
Communication Departing
System Shannon PN “Frequency Shannon ” -r——————

LPN” Pilot Shannon Tasks”
4 N\

» G3.2

Incoming message to
Pilot

) 4

Pilot message to ATCO I

|
=
15 |«

I
I
I
I
-

i

Figure E-26: IPN Frequency Shannon

Incoming arcs within same agent
e Noincoming arcs.

Outgoing arcs within same agent

e No outgoing arcs.

Incoming arcs from other agents
e Incoming arc from transition G2 in agent “Communication System Shannon” to place
Incoming Message to Pilot.
e Two incoming arcs from transitions 12 and 14 of LPN “Pilot Shannon Tasks” of agent “Pilot
Shannon_k” to place Pilot message to ATCO.

Outgoing arc to other agents
e Qutgoing arc from place Incoming Message to Pilot to transition 13.2 in LPN” Pilot Shannon
Tasks” of agent “Pilot Shannon_k”.
e Qutgoing arc from place Pilot message to ATCO to transition I5 of agent “Communication
System Shannon”.

Places
Places Colour type Explanation Colour function
Pilot PILOT.s ER Initial callsign of aircraft and known to None
message pilot.
to ATCO | PILOTmessage € Intent of Pilot None
{0,1,2,3} 0= “Pilot confirms hold”
1= “Pilot requesting to line up and
depart”

2= “Pilot confirms line up clearance”
3=" Pilot questions ATCO”

ATCO.4s ER Aircraft ID returned by ATCO None
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142 | IPN ,Frequency Shannon “

Incoming | ATCOmessage €
Message | {1,2}
to Pilot

Message from ATCO
1= “Line up clearance’
2= “Hold message”

4

None

Transitions

There are no transitions present.

Initial markings

There are no tokens initially present.
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18.List of model parameters, estimations and initial

values

For each MC Simulation, each agent will be initiated with a list of parameters as per the table below.

Note this list was built in consultation SMEs from each of the airports.

Table E-2: Parameter values used for the simulated scenario

Pilot Cork
Departing

Parameter Description Estimation/Initial values
tai€ER Pilot time delay to request Sample 2 0 from Gaussian
line up clearance from distribution with:
ATCO. Mean=5s
Std Dev=1s
PILOT.s ER Initial callsign of aircraft and | Scenarios will be defined

known to pilot.

with aircraft ID being very
similar, similar and totally
different than the one at
the other airport.

P (PILOTstudent) E
R

Probability that the pilot is a
student or experienced.

The MC simulation is only
considering the
experienced pilots.

P (PILOTstugent)=0

trraz€ R Time to repeat request by If fired by 12:
pilot. Sample = 0 from Gaussian
distribution with:
Mean=30s
Std Dev=5s
If fired by G5.2.:
Sample 2 0 from Gaussian
distribution with:
Mean=60 s
Std Dev=5s
tes1€ER Time it takes the aircraft to Sample 2 0 from Gaussian
start and enter the runway distribution with:
from the moment of Mean=3s
receiving clearance. Std Dev=1s
P (Callsign Conditional probability of If callsigns of the aircraft

confusion by
pilot|callsigns are
very similar) € R

P (Callsign
confusion by
pilot | callsigns are
similar) € R

P (Callsign
confusion by
pilot | callsigns are

callsign confusion by pilot
given callsigns are very
similar, similar or totally
different.

are:

- P (Callsign confusion by
pilot|callsigns are very
similar): 1in 300 (hard
coded value)

- P (Callsign confusion by
pilot | callsigns are
similar): 1 in 500 (hard
coded value)

- P (Callsign confusion by
pilot | callsigns are
totally different: 1 in
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totally differente
R

5000 (hard coded
value)

Pilot Shannon_k

ta1:€ER Pilot time delay to request Sample 2 0 from Gaussian
line up clearance from distribution with:
ATCO. Mean=5s
Std Dev=1s
PILOT.s ER Initial callsign of aircraft and | Scenarios will be defined

known to pilot.

with aircraft ID being very
similar, similar and totally
different than the one at
the other airport.

P (PILOTstudent) E
R

Probability that the pilot is a
student or experienced.

The MC simulation is only
considering the
experienced pilots.

P (PILOTstugent)=0

trra3€ R Time to repeat request by If fired by 12:
pilot. Sample 2 0 from Gaussian
distribution with:
Mean=30s
Std Dev=5s
If fired by G5.2.:
Sample 2 0 from Gaussian
distribution with:
Mean=60 s
Std Dev=5s
tes1€ER Time it takes the aircraft to Sample 2 0 from Gaussian
start and enter the runway distribution with:
from the moment of Mean=3s
receiving clearance. Std Dev=1s
P (Callsign Conditional probability of If callsigns of the aircraft

confusion by
pilot|callsigns are
very similar) € R

P (Callsign
confusion by
pilot | callsigns are
similar) € R

P (Callsign
confusion by
pilot | callsigns are
totally differente
R

callsign confusion by pilot
given callsigns are very
similar, similar or totally
different.

are:

- P (Callsign confusion by
pilot|callsigns are very
similar): 1 in 300 (hard
coded value)

- P (Callsign confusion by
pilot | callsigns are
similar): 1 in 500 (hard
coded value)

- P (Callsign confusion by
pilot | callsigns are
totally different: 1 in
5000 (hard coded
value)

Agent
Communication
System Cork

tcommsysteerdpartyfree

eR

Duration of communication
system being free from 3™
party communication.

Sample 2 0 from Gaussian
distribution with:
Mean=30s
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When tcommsystem3rdpartyfree < 0;
a 3" party communication
occurs on the
communication system.

Std Dev=10s

tcommsystemoccupe R

Duration of the transmission
of communication system.

Sample 2 0 from Gaussian
distribution with:
Mean=5s

Std Dev=2s

Agent
Communication
System Shannon

tcommsysteerdpartyfree

eR

Duration of communication
system being free from 3™
party communication.

When tcommsysteerdpartyfree < O,
a 3™ party communication
occurs on the
communication system.

Sample 2 0 from Gaussian
distribution with:
Mean=30s

Std Dev=10s

tcommsystemoccupe R

Duration of the transmission
of communication system.

Sample =2 0 from Gaussian
distribution with:
Mean=5s

Std Dev=2s

Agent ATCO

tcheckaerodromes€ R

Time to check both
aerodromes and deciding on
course of action for aircraft.

Uniform distribution
between 2 and 7
seconds.

trecheck€ R

If no readback is received
from the pilot, the ATCO will
recheck the aerodromes to
see what happened.

This duration of the
rechecking is trecheck.

Uniform distribution
between 20 and 30
seconds.

P (wrong
frequency) E R

Probability of selection of
wrong frequency for ATCO.

Probability of ATCO
selection of wrong
frequency is estimated:
1in 5000 (hard coded
value)

P (Callsign
confusion by
ATCO| callsigns
are very similar) €
R

P (Callsign
confusion by
ATCO| callsigns
are similar) € R

P (Callsign
confusion by
ATCO| callsigns

Conditional probability of
callsign confusion by ATCO
given callsigns are very
similar, similar or totally
different.

If callsigns of the aircraft
are:

- P (Callsign confusion by
ATCO | callsigns are very
similar): 1 in 300 (hard
coded value)

- P (Callsign confusion by
ATCO| callsigns are
similar): 1 in 500 (hard
coded value)

- P (Callsign confusion by
ATCO | callsigns are
totally different: 1 in
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are totally
different) € R

5000 (hard coded
value)

P (ATCO forgets
about the aircraft
landing) € R

Probability of ATCO
forgetting about the aircraft
landing.

Probability of ATCO
forgetting about the
aircraft landing: 1 in 5000
(hard coded value)

P (ATCO wrong
message | ATCO
forgets about the
aircraft landing) €
R

Conditional probability of
ATCO message to Pilot Cork
Departing is wrong given the
ATCO forgets about the
aircraft landing.

Probabilities of wrong
instruction due to ATCO
forgetting about the
landing aircraft: 100%
(hard coded value)

If the ATCO forgets about
the landing aircraft, then
the ATCO thinks the
runway is free and
therefore clears aircraft
Cork Departing_k to line

up.
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