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Abstract

The International Civil Aviation Organization is working to cope with the rapidly
increasing air traffic volume and, in the future, the air traffic situation in which
manned and unmanned aircraft are mixed. The operation of the unmanned aircraft
i1s not much different from the operation of the manned aircraft, but since the pilot
does not board it, it is being developed in the direction of remote control or
autopilot system, so it iS necessary to establish standards and enact the aviation
law. In order to establish the operation standards for unmanned aircraft, it is
necessary to accurately identify dangerous or emergency situations that may
appear due to the advent of unmanned aircraft and to derive accurate solutions.
Therefore, this paper focuses on developing a Human—in—The-Loop (HiTL)
simulator for simulating future air traffic conditions and presenting a technique for
analyzing simulation results.

The HiTL simulator for air traffic control developed in this study is composed of
a pilot system and a controller system. In addition, it was developed in a form
similar to the actual air traffic control environment and applicable to future air
traffic conditions. By analyzing the HiTL simulation result using this, the workload
of the controller was calculated and the risk of air collision was analyzed to
evaluate the mixed operation of manned and unmanned. To derive the controller's
workload, there are airspace capacity, hand—on delay, and flight delay analysis
based on the existing NASA TLX and ISA results. In addition, the results are
synthesized through risk analysis using the Detect—And—Avoid Well Clear metric
for the unmanned aerial vehicle.

The representative simulation and results of this study are to check which



contingency procedure of the two procedures reduces the workload of the
controller and is safe when the CZ link of an unmanned aircraft take—off from
Incheon International Airport is lost. As a result, it was found that the contingency
procedure in which the unmanned aircraft returns to the 33L/R of Incheon
International Airport places a higher workload on the controller than returns to the

15L/R direction.

Keywords: Unmanned Aircraft, Mixed Operation, Future Air Traffic, Air Traffic

Control, Assessment Workload
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. KAL 876
(GLOSE| 1) Rl oo im s 1] || | B4 706 HAND OFF}
TWA 013 717 a7 eV UAL 003
SWA 010 RADIO FREQ
e W e B P = NWA 012
CLOSE el mol ror sl caw e JEA 001
NWA 012 929 At oev/ il | | ACCEPT
mo ma w0 m
CLOSE| | | yomwr| ol wa|
UAL 014 789 [atroev]|| JVAL 007 THCOMNG MESSAGE  UNRE
GLosE i e “::_7 ol VIR 008  ENTERING SECTOR  READ
NWA 002 757 ALT DEV]
GLOBE 1Y I wim oeny || JFEA 357 INCOMING MESSAGE  UNREAD
\ AAL D11 INCOMING MESSAGE  UNREAD)
b FokE HAc RANDE T
OO OO 00 skl

a9 7 A A7 AHE[1019) #AAL HAEH ol



Table 2 A} A7 AHEI[10]19] A+ W& Q9%

55 &
Zo = r 10" Y dAAFAA (ATC 28 H 12.19)
o 4709 AYE L (F 308 AS 1082 drRbAQl A3l
°ofF 208 94 o EdY E7})
o Sl A 1ol Fojsta, dA dus #YseE &
» Medium 11th, Heavy 179}
. ¥ A A(7E Ha 96 = B P :
A e @ EX A (aF ik ) e2HEH 94 50 nmi

B A1F SN A AT FBI)) Red2 EAH
DAY BEE 1RSSR A A
WA HaEde] 150 AY 45 WL AP
G QES Bus) 29 ATC AEUlE A
BANE AN glow oot BEI|E B
Feklor vl 488 Rl F Ay T Fraop T,

AlEF ol 24

2]
2] 7]
» NASA-TLXE &3 4% 7t

BEAAR 3719 dolE wAIA (E-Strip) & 3 FF7|E5 QFE
, MG HXEA (Waypoint) HES T2+ H7HA] A

A A
A3k
v FVIE AFHE AAZA AA A AR




1.1.3.2 Johnson, C., et al. “Human—in—the—loop (HITL) simulation
and analysis of optimized profile descent (OPD) operations

at Atlanta”
of A [11]= v= MITREOIM a3t o= A4 /i AlEdolHE &4
oAzt 44 &&ato] FAE Algdold AdE EAGH. o] delA =
YA7) 2282k (Standard Terminal Arrival Route, STAR)Z ¥[8 F91 &
%717} Continuous Descent Arrival (CDA) 218l 3t4o] obd Optimized
Profile Descent (OPD)E #&3t%la wWel +& 7Feds RuA o5tk 1
H 82 o] AFelA FAE AlFHld Ao, £ 3% o] A9 UEE &

oFgk Zlojt},

Table 3 At AT A [1119 A7 U8 29

w5 &
Fo =t » 49 (2% ARTCC 29, TRACON 2%)
w03 o EWME FFoE HITsE ERT wEAFSA

‘DIRTY RNAV STAR” # }a
tjal thekdt OPD &9 7HsA S
7 AIYE| e Hol= oF 45%
Ayge 9 » 7]F A2 OPD &4 §lo] dnbzQl A 374 A8
Ao A |« AYYL 1! &FuEHE A& Top—of-Descents
(ToDs) OPD &
AU 20 FL240914 Al2Hste] OPD &4
» AU R 3 FARERE B guEs Ve s A"
OPD &

B = OPD 8 & #AAY MY oAF




TRACON Controllers

Center

Is’:r;;lslation Controllers

1% 8 A A7 At [13]19 Al EHIH +3 FH(11]



1.1.3.3 Mercado—Velasco, G., et al. “Analysis of air traffic controller
workload reduction based on the solution space for the

merging task’
o A[12]eM= AAl A g EFAH I3 golo] 1] #AAY ¢

T ekl vAle s Frket] A8 AlEdelds Fdst 1 AdE £
]

Table 4 §4F @7 AHa[12]9 A7 & o

& Bk
= [SA
* Number of Commends: ZAAZ} A A HH 2 4
* Exit Speed: B9 795 WAUZLE W S5
180knots® A Alste], & &ko] tigk RMS & 574
RAXE = Aircraft Count: B9 79 W Al7te] W& &37]

* Number of Conflict: F3% 2 A2l (5 nmi) o|H=Z
= F= 499 T

» Extra Distance Ratio

= Smallest Aircraft Separation: #2 ®7] #g

» Sector Time : &37|7} AHel| vF Azt




Vmax

(a) The Forbidden Beam Zone definition (b) Solution Space diagram for the
controlled aircraft

I"8 9 §AF 97 A [12]9]A 9 Solution Space Diagram %



1.1.3.4 Hah, S, et al. “Human—in—the—loop simulation experiment of
integrated arrival/departure control services For NextGen

operational improvement’
of AF[13]oMe FAE wES sl FAANM Ade T =& 2 22
A A]2~® Mqu]A (Integrated Arrival and Departure Control Services,
IADCS)E A%l 8l HITLS Fdqssith. 1 23 4 L2/ F8F A
o|E HAE A9st & TADCS AA7t 7]E #AAL AFE-8l Baseline W
Ao Y g ds AFsdh 1" 103 £ 5 dTelA AREE AlE

oJel g A RS e

T

Table 5 fAF A+ A (1819 A+ & S8

SR ks

» Workload Assessment Keypad (1~107H4] WHE, A4
A2

» WE F5Y 34 (Altitude, Heading, Route, Speed)

o AEAAA

» Loss of Separation

» 3M (3 NM): The aircraft were still in 3—NM
separation airspace and, therefore, we should not
count less than 5 miles as a loss of separation.

EXAE » OE (operation—error potential): A loss of separation

of less than minimum separation, and the controller
is implicated.

= PD (pilot deviation): A pilot deviation resulting from
a pilot doing something other than what the
controller instructed, and the deviation resulted in a
loss of separation.

» SE (system error): A scenario or system error

resulted in a loss of separation (e.g., two aircraft




getting too close within the first 2 minutes of the
scenario).
= VS (visual situation): The controller asked if the

pilot had an aircraft in sight, and the pilot concurred.

a9 10 FAF A7 AR [13]e1AM AHg-& Al olE (F: Enroute, $: TRACON)



1.14 FAFF7]9 &

Q5499 Fo837] (Unmanned Aircraft, UA)E ZEAF AH €434

i AgAoR wAAY 90 xFa vAAE W, 37 UAZ)
Mol A ANHEA F4E AL 2AgoldTh IA UMK 2AHEOE

As TAs7] AZEE ol frells ZFAE BsekAl ol o9 dEE H4d)
& g Jlon, 7|5 Eolu 2FA S At A ARlE AT 5 9l
e Aol 7] welith webd 3 UAE HIEA 2HA7F §heke] o
Aol AFete= FHE AREHIL, edd VAE HEetd ¥F EAYCEAH
TAF FHEOE ARG HGITH14].

gy Zlzo] WX wt @AY UAE TAMES YA UFE ks, 5F,
29, Fvl, Ao /Y AT 75 T oo Forz &g HE Heln
otk =AW 7FeFE 7]+ (International Civil Aviation Organization, ICAQ) ¢l
Me UA 5243 Jejo wet st B3 19 1139 o] 7235

1A 5% 25kg "W Small UAZ E73ta Qled, dvty oz 9y 244

2 i
A EEE ol &et. UAS &8 W57k sl wet 2T UAY 3

Unmanned Aircraft An aircraft intended to be operated with no pilot on board

A remotely piloted aircraft (RPA) is part of an RPAS (system);
piloted from a RPS
- subset of RPA intended for international,
instrument flight rules (IFR) operations;
full regulatory certification

%

Small UA: generally <25 kg (commonly “drones”)

Model aircraft: scaled down version; recreational

Unmanned free balloons: non-power driven, unmanned,
lighter-than-air aircraft in free flight

/s \
o W W =

psy

J¥ 11 ICAOY FAuFgE7] 27 9 B3



e 2ol ofd 7IA F% 25kg o|FoE WY HTE e ol §
Ef Piloted Aircraft, RPA) 2} %8t}

RPAE &&37] s = AHEAl ARE-8H ol A QA o] B wofof ofa
d 7153 W Aol AdAlA o o] Fojxol gt o] gk o= ICAOIA =
2014, AE7F 2502 FA % Remotely Piloted Aircraft Systems Panel
(RPASP) = &3l €97 =% F+7]9 e wAsty a&4d 585 4

3l =3kl Stk RPASPAA #Ast= FH Q5 ok ofef 9} 2rh[15].

1o
()
>
e
rdo,
N
EN

% &3 7] (Remotely

e Air Traffic Management (ATM)

* Airworthiness

* Detect And Avoid (DAA)

¢ Surveillance Systems including Airborne Collision Avoidance
Systems

¢ Ground Proximity Warning Systems or other Safety nets

* Human Performance

¢ Personnel Licensing

¢ RPAS operations

¢ Safety Management Systems

e Telecommunications for C2 Link and Air Traffic Control (ATC)

RPASPAIM &= AT &3 u g wd waks UAS foda7]9 3 &84
o= wgtRd, 2026@7HA4 =A 71 9 @A} (Standards  and
Recommended Practices, SARPs) 9 F&A 7|49 A4S HE=E st 3l

o sulel 93 B A2 8 e BAAEe Adstan 1CA0Y A



W 27}7)Bo) A RPASP 3] 9o Zoldta Qltl. RPASP 399 ol A
=9 ARG HA Fold 5 Qe 71Foln = A gAe ARk 9
A es 08 Favt gk ek 2y 39 A4S 18d RPA &

=

_H 7_ 2 =2 PN
& I g AT Ade T daeE B B4e 2R JdHs SxlEof

g gojty, 1% 12% RPA & /M9 o & RoFr}

SATCOM Relay

Remotely Piloted Aircraft

l'.’l
i 4 . ATC Commmunictior
vy // “~. Limk
7 v "
p o maneuvar & command e
v e
SOMWNL K
s o & slalle
Air Traffic Contro

1% 12 RPA £& 7d9 d[16]

Remote Pilot Station



2022, wl=r NASASQ Hayashi M., Keeler, J. N. Wolter, C., and
Bridges, W.[20] 97 ZEA S &3 nEHAAF Atolo] SATA AACRE

Q8] el BAS Awaty) 8 1% 133420], HITL AEdolde 54
%



Ground'Control Y
Station :

1% 13 4 Ad€ £ HTL A& |4 [20]
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1.3 =% 74

o
A LA oAE AR FAgEel Be) ARs, Y dEatel
BAT AT AG B AT g} 92 28 olF UgS et

A2 A cdMe & A7E Fal WL HITL AlEdoeld Al~"e] i

Ao o Ake AW, AAEY Y ME AIAEEY A R

Avel e B4 eqEe W 1E HolHE g5 ¥ys dWeta, & o
TE F AA AL F A AuE e ATV 2§ AuE e
A E HoAFH.

A4 A dMe 2 d7E ol FRUD dxHA AEdoldsdd dd =
Hlabg 3 st Y 2%

A5 A AAe FAF AEH Al tste] o A AR AA )

S SAARE T oA Workloads S48k WH= AAGHL, &



Al 2 & HITL AlE#]H

2.1 N 2" THS

FTLEDAL HTL Aol AAHe FolArt 47 8ot B 4
P83 Ageold B70) AolaA o Bk o7 @old, Azxue
74, ABAOIES 2% W, s, e A8 QElEel2 (Graphic User

Interface, GUD), &¥71¢ 24943 ndA42 & 9 v]dity,

BS o, A|EH 1.000° O], S o 5,500 0} 8 MSL FL600 =}

+ A.BC.DEg 2% 0/20 YRS
» SE(UE U 5] 43)  aB, AEN

SE{ 1,000 014, MSL FL60O Ofat

= 34 519 5,500 014, MSL FL 600
ot FE AMIALY

0 UE AT dofl B3¢ S 1E MHE THHHE §172 Published by airspace division, ATC

19 14 BA39Y 58 T&[22]
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A9 #A = A9 BAAH (Area Control Center, ACC) & FE A4 (Air

Route Traffic Control Center, ARTCC) oA o]Fox ], Faox Zust=

ey g0 g ASlekes s AS A9 E En—routeol A s A
o
|

< 1% 15330], A FIRS

'WEST-SEA NORTH 'SECTOR - 5 e 1 000 AGL
! o iandins \
FL600 ! 1 \
1000 AGL | I < /\_ ~
1 WEST-SEA SOUTH SECTORS B~ 77
[ LS ELB00., . 3 —

| 1
i £ i
=i
J GUNSAN WEST |
}F\\ T SECTOR SPEGH <9
E [ FL600
,,,,,,,, S | 1000 AGL

DAEGU AREA

! SECTOR
FL 600
000 AGL

" NAMHAE AREA %~
SECTOR

FL 600

1000 AGL,

-1

JEJU SOUTH
HIGH SECTOR~~__
FLisoo T

FL{335
rtertpisfot s LU SOUTH _
LOW SECTOR ™+ g =

FLi 335
1000 AGL

i IIIIIIIIIIIIIIII
i i FIR = Flight Information Region

18 15 24 Sector A& (AIP EN-ROUTE CHARTS & 9% 23) [24]




AEBAE 4234 +9 (Terminal Maneuvering Area, TMA)S ¥3 T
= H#@ A o] - AFske T A B sHAu Bl Bad 7os HIH
[23]. = #92 dA 14709 TMAME, A A, A5, 45, 28, &
A B AL £ dlT oA, dv], 99 R FAEEY O 1839 2

AdA e} ALAA QFE e FenF FAAH(Air Traffic Controller,
Hookd gl o4 ¥ E fdE Ve ¥Ee

=
AA s} wmE dF7)7F vd F @A SectorolA tHE Sector® @ol7fuAt

N
=
E
-
@1 “[
— N B
i
L 4 Soas S

i S

j EE————

[astsserssuins ‘+.@_§M.‘+‘.‘u~, it R B,
£
+
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I
£
pistonpunpnfiy
: st st
£
£
4 I w7y I
E 3 4 jﬁ TMA=Teminal conirol Areas
i A T01, T02, 703, T04, T05, T06, T07, 708, T09, S1
E OSAN TMA T11,703, T05, T06, T12, T13, T14, T15, T16, T17
I3 JUNGWON TMA | T18, T19, 720, T17, T21, 722
L A 1 S . JEJU TMA 723,743
£ g sttt | GANGNEUNG TMA| T24, T26
E . 1 GIMHAE TMA T26
I — 5 <E i GUNSAN TMA | 127,728
I £ 1 GWANGJU TMA | 129, T30
E SACHEONTMA | T31, T30
i POHANG TMA | T32, T33, T34, T42
i DAEGU TMA T35, 733, T34
i YECHEON TMA | 736, T42, 122, T20
£ i HAEMI TMA 737,738,739, T14
R s o oo pisspsinn] WONJUTMA | T02, T40, T41
13 T sy s 3 )

2% 16 5 TMA A% (AIP EN-ROUTE CHARTS % ¢%# 23)[24]



& ZFAIA FA Foe WS AAEaL, B Sectortt TMAR 2193+
371l Fokr g 9 ug 2o wE VlE ¥HEe ANET A4 ATC
FAE Atole Al FE O SASAS Mo gt ® 8%
[CAO°|A A&dt zpAt] e A|~Eel Communication, Navigation, and
Surveillance / Air Traffic Management (CNS/ATM) 2 7]&& A3 2o
2 HAY B, F, A B dA £ v wskd e BojErh
A =M e FeusHAE fal A= AA¥ 15719 deld7]A,
N FF/MBZORTE NP ARE 53 53 vF JHe AA A
& A& (Sensor Data Processor, SDP)E %3] #ojt] Ao]EZHE

719 9A, 1Y, 1%, &% AEE W #AAL 454 (Controller

Table 8 A AAHF v ALY B w[25

s 7N E/AA AAE v AAE
= VHP S4l/Ho]H
. ©x i © X (ZLz]ur
=4 VHF 7 HF 54 &A%
A 2H » HF &4 = SSR Mode S
- g g B *  AMSS ®lo|E/&4
» FEEIENT (ATN)
* Omega
= LORAN-C
\DE = GNSS
8}3) « INS/IRS
* VOR/DME
A AH = MLS
= INS/IRS . .
=  Barometric Altimeter
« JLS
=  Barometric Altimeter
ZHA * Primary Radar = SSR Mode S
A AH = SSR Mode A/C = ADS-B




Working Position, CWP) REUHe| dAJH}E, T3 ol o]9] v =z 4
HE g 4 9l v 8 3 81344 (Flight Data Processor, FDP), &3
AYRuFT, ADS-B7F QloH, 77 17+ oo tg A ACCY ¥ aF
A BANARE wolE[26]. 1% 185 A ACCY DA et

T stdold | 7% 192 gy ugdA vg 4R 559 /Lot




S (__‘_ - _
iy I vy i
HEEE HAEE
PSR / SSR (1/2X2A|20| ) SDP (HMX=X2|F4]) CWP(EHME2Y)

ADS B KI=E&EA)

FDP (H A=A
ACC (K| G 2rejHe)

319 19 FTuTAA HFFE 4 FAFE 55 7jL



2.1.2 A 2" FA

2 AN e FELFHAE HITL AlEo)d AAde I8 198 vtge
T 1% 209} Zo] AlgH oMol 53t WA R AFAIste] Al
ZFA ALEE & Y] A A ol die] FaUE #HET F YRS,
ol P AEHARE WA AET £ Y=F AEEHAG. 7 AL st
o ANEHIA MM} AF ddsts FHOJAER 49 i AlFe] AR
Mgstglont, ¥ Ao FUdw7] 2FAHPiot) 449 7837 44
2 (RPAS) 2402 433t
AEH A M= Alvgl e e, Pilot B2 F37] I, FeHoAE 3
glo]E 9 2A (Source) 9 HA A (Destination) & 2] 3lo] HolE & #ddl=
Agg sttt AEFCIH AME AGEE dojEE 2EA AAR N ol
= @371 AW R} SDPeA =ole= A HolE 7} St

BAAL A AEL2 SDP BEY CWPER F4353ith SDPE A& oA AW
9 So|AdEC|HA, CWP Zzto]dES] AMujojt}. SDPY & ZFAL Al
2EOA FEdt] AlEHOM AHME AA Folew ¥37] AHE HATsto]
CWP ZelolAEESA AANAREN dHolHS Adaty, 23 A

ARF INARE Agar] & AlFdeld MuARE o] dEdt} B¢

PN

O

=

Hlold TAE T WE dgs d8 #AAY ¥WHEE AuE A, ¥
719] Hand-On/OffE Aolat7] 93] #d dlolgx e},

F4E0Y AF PTT, F35 £, AAAN 248 5 F3usdAd 53t
B A AZEQOE I, dA dEZEadoR giAsigy B

AT e oA et



EFAAILH
(Pseudo Pilots)

Pilot 1

Pilot 1

prm— | |
T
—

i E
Pilot 3

19 20 FF %

R 5"

H 3+ 24+ Y Gjo]E
LA +EE HolE
=4 ol

G{O]Ef Aty ZEAA A ALY
(Server) (CwPs)

cwpP1 CWp 2

ﬁ@

A& HITL AlEHo|A ALY FAE




2.1.3 FA HelHY 7|E 7

AlEEolH YE FAIS A4 (String) HolHE Fa¥= Java®l Socket
&A1, TCP/IP 7|Hke. 2 A aQkeh ++3 A3 FA9+4 (Structure Oriented
Protocol, SOP)& AHgatgith. SOPE Hulazak & dolel e b4 (Label) 3
# (Value) 02 FAEHH, o2jgh WA duiAos dejxl JSON E& XML
7 vd FeE FAsh oy s WA dojE 2 FrpRto Rz Fal blo]
B9 7o) golatm, dolee o] Agto] gla MAeAgA Z2A<l 4
Aol Thsatths Aol Qo] 71E AR wEEAY dE AT o Slrh

doly Fx+& ] (Header) &} MAIA (Message) 2 TA S, sldols HA]
A7 AR FodE FRe mAXN7 =Ze FeoldE AR, g1 v
ARG B ARE B Sk WAA BYell el 2AdE AR e
2o, 738 218 A HolHY T2 898 & Qe oz 2FA g
o]AEX SDPE HUl:= 33718 FHAR deolHE $Als= Aot &

92 & AFE 93] AAs Protocol dFoltt.

Table 9 Al E#o]AE ICD Q9

5 He A8 ol w]
HEADER_DELIMITER ‘& el WAA PR
PACKET_DELIMITER > wA A A

FEA DATA_DELIMITER olul glolg] AR TFEA
MODULE_DELIMITER “# Zelo]dE AR do|E FEA

UNIT_DELIMITER ‘@ e e
k| SRC “src” Source
2hd DST “dst” Destination




TYP typ Message Type
SVR “svr” Server
PLT “plt” 2 RE/EoldE
CWP “cwp” BAAL BE/ el AE
SDP “sdp” SDP R&/ZEo|dE
REG ‘reg” Registration

&g GRT “art” Granted Registration

# CLS “cls” Close Communication

STT “stt” Start Simulation
PUS ‘pus” Pause Simulation
STP “stp” Stop Simulation
INI “ini” Initialization
FDT “fdt” Flight Data
FID “fid” Flight Identification
CSN ‘csn” Callsign
MDL “mdl” Aircraft Model Type
WPT “wpt" Current Waypoint Index
LAT “lat” Latitude

ENL LON “lon” Longitude

=i ALT “alt” Altitude
SPD “spd” (Ground) Speed
VRT “vrt” Vertical Rate
HDG ‘hdg” Heading
SQK “sqk” Squawk Code

35 —



Example:
SRC:PLT#PLT1>DST:SDP#SDP1>TYP:FDT&FID:71BF34>LAT:35.752@deg>LON:127.000@deg>ALT: 1000@ft>SPD:188@knot>VRT:@@ft/min>hdg:0@deg>SQK:1255>WPT: 1

Header Part Message Part

Destination
Information

- Souree

Infarmatian Message Type

Header
Delimiter

Deliten BeImTE “FDX7IBF3A5LAT:35 7520 deg>L ON:Y 27,000@0ag> ALTH 1000 11t =
g
ook fata Sotece Modde Mo e Testination Data Destination || More Mocle bty Type Data Type
Label Selimiter Tyee Belimer Name Label Oeimier Tvpe Belimier Name Lol Detimiter tame
SO s Bur - pLIT oSt = “sop° " “soeg” e = For

Header Part

Message Part

_ =
Header
Delimiter

Lebel Data Data Packat iLahel Dats Pagket Label Data
Delimiter Defimiter Dafimiter Delimiter Delimiter
5 Valus unit unit Value unit unit
D = 71BF3E" B AT i Deliiter =3 LoNT el ‘Detimiter
“SRC:PLT#PLT13DST : SOP#S0P1>TYP: FOT"
Fsr w degf! 127.000° e

I3 21 §A HolH FZ 44



2.2 NEFIH AH

AlEY Y AMe 29 20970], B9 Pilot (£<1%

E} RPAS Zefo]dE, 183 SDP Zeto|AES] A7t drh #AA ¢
24 (Controller Working Position, CWP) Z&jo|dEEo] Az AH A4
YA k2 olfr=, SDPeAM A HolHE #ejstal CWPEolA wlolE & dd
slE2, SDP7} g3t el A& 7] wiolh. AlEEolE AHelA =
SEolAE weitnt ofyel AlEHOld AlvdeE #esty, 7+ Pilotd
RPASOIAl @3715 EHjsta, Aueles ddatn, AlEdolde Az/FA/
A A} o] AA 555 Aot

ol
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EN
ofN
>
i
Ak
s

2.2.1 AHY 75 AT HolgY 5F
Algeole] Ame 7HE FQ3 9L tgo SYo|dE 4% 2
ZetolAE 7t dolHE 483] Ags] FE= Aotk webA, TR I R
T 3zt 4ol Communication Manager7t A& 7o g
Foll= 2eoldESY H&S f8 d7]ste Thread7t 755w, SetolAETL
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o
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o] Ao o|FoiALh, 1 F FetolddEE AFeoIH Aol Arel 2.9}
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eI EEY A& HF2 AEdld Tol dAEA Thesta, AEHo

-

R



&3 Pilotoll Al A2ste] wjgo] ojojd & = 733l

dloJe] Aol A5, FetolAEZHE dvolE 7} +AHW Header #£7F 2
ste] T Fo|AE A dEéttt Headerodll= dlolE7}F A E Sourcedt
dloJele] %A (Destination), 12a dolE 9 EFoz FAH Q7]
dloJelel] 239 W& HAAS Fdat= 34 glo] FAA o WA st
Hrh AEdolA T dolE dE9 ARE PiloteZFEH AdE Hue:
g37)9 A A Roltt o E o] “Pilot 17 oA B dojgoln, “SDP

Table 10 A| B o)A AY FQ q¢/7)%

5 g T2 7%
FeoldES FrletH, A2
Thread 7dsto] Seto]AES}
diojE] &4l A3
addClient (Client client) /
/ dd DO SEIAEE
removeClient (String id) AAE= HAor, Fefo]dEY
& A 2 EE
Communication SefololE EnE AL
HAEHNE W A
oA EZHE Te
transfer (Message message) Message® Header &15tc]
HE&ES SHOIYE F et
ZetolAEA dHoly H
initialize ()
startSim() /stopSim() AEdoE 2713
. . AlEH Ol A&/ FA A AN
Controller pauseSim() / resumeSim ()
H&Ee SHoldESZAA
sendScenario () Ados Ag




17 oA w2 dojget sPgsgd, ¥ 9o wEh Sourcee] wid PR
“SRC:PLT#PLT1" , Destinatione] ti3t d1® “DST:SDP#SDP1” , Type
of et R CTYPFDT & %dHLh 5, o5 AZste] Header:
“SRC:PLT#PLT1> DST:SDP#SDPI1>TYP:FDT&" o]t} ol= 1# 189
Example® &old 4 2Qlt}. Source$} Destinationo]A  “#SDP1” 9} 79|
#5ol et s WS 54 FeoldES AAske Aotk v # & X
grek vigo] gt sl EE Yo @ Fo|dE BT/ dHolH7t K
WAtk o= Hd A4 E7E SDPE BulA 1 SDPA tha] ZA 4Rz W

3k3to] Pilot AAA Hujokdt Ao AMEET 5, 9 Headerd oAl7}
“SRC:SDP#SDP1> DST:PLT>TYP:EDT&" & ul#A €t 7|4 Pilotel
A GRS IUE TAFRE Bl o]f% PilotdE #44le] 37 41

glol % v Pliotd] F37] SHARE gelstol 0 F371E &k &7

£ 102 AlEYolA MM E FH87] AF F2 Ve UET AR 4

B9 49 wolFn, d%d Put 19 233 2ok

2.2.2 Av I3 34 74
AlEdEolE Awel g a9 199 vk a9 209 #HS5 ouA&
“‘Connection”  #¢] glwo|m, X1 <] Open/Closed Alo1& 4 911, Open
Al @A oA EES AES g 4 ok 29 209 7k ou A=
“Scenario” #e stdo®, WY AGE Avge dds EFHen &5
PilotZ RAPSe] #3715 ddatAY AAT + e 7502 FdH AT



1) [4A) Simulotor Sener (200710001} - ®
Gonnection | Scenarin | Log Scunario | Log s Log
Server agdrass 5104 ][ sesse |
¥ Trpe
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. —4
¥ #r
-
—
4 Bustlocation |
4 ALL Dealecstisn (Reser)
P ; STTjsae) ° s 5 srrfeme] o @ Pause stop SiTfsac] °
start | start 1 stait

a¥ 22 A¥ =233 (F: Connection ¥, & Scenario ¥, $: Log %)
EHold Fof WAt oJHELY o8] T& &AT F S+ Logs HolFth
elol Agty HijE 3pHo o} ZES “Pause” , “Stop” , “Start” HEO]
Aol AlEHo|AY A& FH5E AofstH, Start Time (STT)S AlUE| &

& 2=

ALwE ARAA ga Ak AEE AUAD A4T F A RS 47

750l



Server

from Pilat
So|HE FS s AR
rea “ew Thread 2
ThLDnSTE[[EpﬂO s et S Cllente - wE g e
o - eI
from Pilot b to Pilot
HIYMERER s S - . ZAXAL| HHH|AIX|
- BBE /A A YEE/AY (Shadow Mode)
ALiz|e E2ie3] - Aircraft ID
fram SOBS AlS2iopd o] 2 W - O, &5, 1k, FEH, HESE
ta Pilat
_ - Algelol Hoja
- AEEE/EXAH
SDPS
from CWP Server &
é‘amlﬁg ﬁ-f“. ta CWD/ AILrE|2
rea Thread gt
ThLDn:‘a::EplU %nevgl;er:tea — = CWPClients - EElEd e
- EElEuidAE
from CWP
2tx{|Ate] HHOHAIX] 7 L L B
(Shadow Mode) s 37| BAERER
- Arcsftid i | - WEIIE ST/ I AT A/
- bliY, &, Ik, P2, HlER
i y to CWD\ =
from CWE o other CWP > AlE2fol HlojyH
2irAte] QHHAIX] 2AxAte] QHH|A|X]| - ARHES/TAPH
- Hand On/Off Request - Hand On/Off Request

1Y 23 Server$t SDPS Zg2199) 9/&Y AR
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3719 @ EWE(Y-Axis) 9 TranslateZ} gloha 7Hg8ka 3719 94
g AAE AN F = REAR[28-30], 6-AFEY SER] ula vw
A deste] AMELE FAE sl £ 2FAF 18] oA &3]
£ #edfor st W stue WA BE F3UE #Esta vd AHE
AdlolE = ol B o] Ho] 9l

B oQpen A

R

X=laa¢p TVyx®Ahm (1)
a==28,0, a= 0, @+ ©, (2)
e 3)
= T%T (4)
V= ngsim (5)
_ L+ Tiin;)combi %0087 6)
- et s
b= Rﬁ (8)
= (Rﬁ% (9)
h= Vsiny (10)
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w5, 5719 Aol g2 w4 ¥ (o, )T F 4 W (6,0, T 8
B(T,,) 0% 775t Ad v B4 e Addetd, &5717F el 44 =
FEFET Aor|gt FEFE F8ATHI0].

F7tE, & AlEYCIHAME Tk F
Tubulance Category (WTC) ®

=
EE 71FY R NS dedteidle 13 dx V5 d7] 4 4

S ICAO9 Wake

i
1o
ot
o}
X
N
ofN

i 7]E0R ® 1133to], AGFORH,

19l A9 Eurocontrolo]A A &3l= Base of Aircraft Data (BADA)
3.11 WA AW 3119 dS T3l &35l

Table 11 WTCH H & 7]F A4

WTC 7| & s dE 71F
J
« MTOW < 560,000 kg = A380-800 (A388)
(Super)
H = MTOW > 136,000 kg
- » B777-300 (B773)
(Heavy) » except those specified as J
M = MTOW > 7,000 kg

. » B737-800 (B738)
(Medium) » MTOW < 136,000 kg

A

L

] » MTOW < 7,000 kg » Cessna 172 (C172)
(Light)




2.3.2 Pilote] 7% W43 Holg 5F
shue] Pilot ofe] te #3715 @b, A8 AR AL 100 ms)
of gt &35 WF AHE A, 12 & WY TIN5 A A
HARE Az Bds 42 F3ach webd 22332 2709 Timer7t
A, Rtz A9l Aircraft Manager?t 24 $37]15 et
WA F Timers &3l Aircrafts<s T4 02 0| AHE do]Esta, K

Z Timer7k 1zl & W2 F2ste] MW= dolEs Hue WAs AR

& FFoke A W AHE AFEd. 1 5 AEHA F BRI A4

% 7)%0l aTdrd, % 129 #& WY oR "

Table 12 #AAL FFo & 7|5 WH

i H] Y Hb H PR E
g FE717F AL e Al el dd
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WA o2 Hl3
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o
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Current Waypoint? £55 A A% 152
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dlole] 559 4%, PilotelA AlE#HOIE AHE B+ dolHes 337 1
& Arolw, AMRRE wh= dolE e Avee Fu, A EoE, B Pilot
S 2HH HY<eE Hand Over HlofE], #AAZRE ddd W uo]g ol
ol5 obdl ¥ 13°] Fsth T3 Pilot? Ql/EY R 19 249 2t

Table 13 PilotolA Agste wHo]HY F7

Source
/T4 T
°"T | Destination ype &
Ak
SCN » 337 AR
SVR » U AER AR
Al Ed oA AR
wp.|AEAsIEs |
= AEHO\ AA/FA/FR AT
AR
. = Piloto]A B4l Ho]lEHES
SDP FDT 52 Pilor 5 B
2= 2] H3tslo] AdE = 7k o
T4l
- $3) D, AA/EE 3R
HAAE
-i}HAUﬂEﬂOZEAt_-lt%
CWP CCD b IAF | 1 uto—pilo
2+ Shadow Mode®A A
« ARA, 99, 5, 1% 93
Th2 Piloto 25 E 37 o4
Other B s
PLT CPT =TI A/EE/AN e
YR
v W
SDP (u]iigry_) » A9 F¥71E9 1D,
A A /EE/m A Fr
az A
) Oth CPT U2 Piloto 2 5Y 37 oA
er
" &) 3L o] %] /2~
PLT (ZER0)%) G719 AA/E /A7 '
e R




Input

from Server
ALtz
- BE0|2E e
- T3

from Server

Algfold xoje

- AE/EEEX/AH

from Server

PHRALL] FBHAIX]
{Shadow Mode Al)

- AircraftiD

- oY, &5, 1%, F2H, HHEs

from Pilot (Human)

EFAI| ZFUH -

- Bj0i L B57| M2l > Aircraft ID

- P NE SR, HEH

Pilot

~{ Communication Manager I

Thread

receiveMessage() ‘

~{ Aircraft Manager I

Aircraft(i)

* 5iring

~{ List of Aircraft

Aircraft Model

+ Vector<Waypoint> !
* Vector<States>

Output
Timer{1Hz)
{H‘J}' send 120 e Serve_r HI%QEHEE
- - UBIE /A S /A S/
AircraftID
list of waypoints
list of states ——

i

Timer{10Hz]

£ updateStates() —)S(EmzsJ

)
o

1% 24 Pilot ZT2199 /29 AR



2.3.3 Pilot =213 34 T4

[
o
DO
(@]
e
NI
ofN
S~
<
o
rlr
-
§
(&l
all
[
)
1o,
-\
toh,
rE
s
e
toh,
re
1o,
—
oXx
rlo
rto,
I

...................

aaaaaaaaaaaaa

29 25 Pilot F 349

3l Foto|= Aol Primary Flight Display (PDF) 8t 9+ 3fglo

Navigation Display (ND)& wiA8Git}. 3t 52 7|9 7ss $st
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o HZ 3™ (DAA Viewer)
Ty % 744 9 39 (Detect—And—Avoid, DAA) 2] Well Clear

(c) Warning Alert (d) Loss of DAA Well Clear
1% 26 DAA Viewer

AEE S £ gle MR FWoR NASACA /fEeh Detect And
Avoid Alerting Logic for Unmanned Systems (DAIDALUS)E o] &3] 7}A|
skgt Zojt}, o]= RTCA DO-365 MOPS[32] Aol Y DAA &g+
27 Ag3te Ay DAIDALUSE JAVAS C++ <dojz ¥ 3/ &
gho]l B8l [33] & AFE3klth. DAIDALUSE W 337] JHE o] &sto] #
Aol @Ik Al Fw7] Aol HAd ARE dEFr AF ol
Corrective o4 ¢, FH 39 4943 39 15 gt 19 22
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=
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Viewer?| 3hdolty. 79 229 (a~d)E ol GAE ALYV R

(Symbol) 2 3 3]3] ¥z, 3y 15E A 5 gl
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CWPE SDPEHE AHgH ZHAldo]E

7hABtekaL, Adgel SHA WEe WE ¢ S sk dl H30] it

2.4.1 CWPY T35 443 Holy 25
CWP ZZ71% Y+ Communication Manager, Flight Manager, Graphic
User Interface (GUI) Manager® A Al 7}A1 8 F+Z2=Z o] Fo]A It}
Communication Manager® 7 CWP7} Sgo]AE7} ¥ Threads A4
gt g, AlEdolE AMEFE 37| FEdRE Wol Flight Manager
of AdstAY, #AALY WEE AHE dFste TS TR
Flight Manager+= 3ol ¥A12 #9999 F37]5< EF 7ML loH, 5
Y24l Thread £+ Timer$lo] AHERH B HolgE F3
FHE 71538k, GUI Managerd] & wet &78 7bd 29 wd 4
RS dgst. 72t a7 uf Hee AEEs, vEgAd, 7159 34, #
AL HE ARE 7 Q.
GUI Managere 539 % Timer7b s, AAs A5k 1s)ol @
A4 Flight Managerel] &+7] dRE S&6to] shids duolEsths W40
2 A
dolg 9 559 7%, CWPdlA SDPE Huj: dolH: AL &2 bo]g
g Alue e 2 dole7t EASY Aluele 2F dolE e A, AlEdol
Aol AlAstd AHg o & SDPeA CWPE Alue] s dAdstdsl CWPA
718 vgARE & 5 M 7] A%, v AEdeld EFe A=
+ CWP7F U9l m= CWP7F Alue] o5 eFstd SDPelA 7HAa Sld
AYg @5 HUFHA Plug—and-Play %2o] 7bs3tes &t7] $lgo|th. #
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AxLe dEelolE el A 2FAF flo] WAL WHoRT AFoF v
F Y%= 3= Shadow Mode Al ARE-HTE,

HHfE SDPE W dlolB & Aluegle JEe d37] ZAvele st Sla, o
2 CWPEHE gHo] £019%& Hand/Take Over HolElZ Al 7}A)7} 9t}
o] 7] Hand/Take Over Ho|H+= UE #AAZHEH AAAES o]t}
Fakal, Qo] wolE™ fAlFe] doprte WAS sty S8 AgEth

ol & ot & 14 A, /=8 R 19 279 Eoh

e

o

A=)

Table 14 CWPeA A 3te HolHY F57

Source
F/FA Type £
N /Destination L4 1
A2 Q.
SCN = 7] AR
» | AR YR
AR B

» 2 Pilotol| A} Bl HolE &S
sl AdE = A HolH

» 371D, AA/EE AR

T4l SDP FDT

AA A Hand Over &%
CCD . & HAXNERY &d &9
HAAE Qwr] 9 doly

Aygele 2%
FAl SDP SCN » 37 AR
» G AR HH




AA ALY Take Over &%
CCD » OE IAAEREY Y 3719
HAAES 24st7] g diojH

BAALE 71E HB
PLT CCD = Pilotel Al 719 71%& AAE7]
93k dlolE (Shadow Mod)

2.42 CWP 2799 3d A

B Data—Block 2 &37] 9% o #7)8t}h 139 282 CWPY 3
9] AA AHAGFuEDAA LA AMEE I Q= AAAL T

£ A8E ¢ 3le dvE HE i, 5 HES BREsid
w2l A Indicator 2%, DAA W
o7 AlEHolE A AAo] St
ShA gt upgl o), 3t Ftole 2xdoE 719 AAE e

H, &5715 B8] A 19 299 2o, ofdf o] glojof gt



Input

from SDPS
AlLE|R

- EESTEEE

- WEI|E :

from SDPS

AlE2old Hoje
- AE/ER/FHR /AP
from SDPS '
CHE BAfe) QDA
- AircraftiD

Hand On/0ff Reguest
from SDPS

CWP
~{ Communication Manager I
Thread
receiveMessage() ‘ sendMessage(] ——
4 Flight Manager

List of Flight

Flight(i)

+ String | CAircraft D
* Vector<Waypaint> | “Flight Plan
* Vector<TrackData>'--=Trajectory

37| AL ; ~‘ GUI Manager
- EEIE /D /AT AR -

) Action Listener
|

W

7 updateGUI(]) ‘

makeCommand() —|

19 27 CWP 22199 /29 F1

Output

wsors  BEX|AIC| SHEM|A|X|
(Shadow Mode Al)

- Aircraft ID

slig. &&=, 1, F2H, H¥E=
Hand On/Off Request



o 719 vl WF(Course) o &%, w24 wat AAit¥E Heading
Indicator®} Ay Track
o 7] ARE ¥l 4 9l Data—Block

« H 4Y doldz1(Dialog)
Data—Blockell&=  &27]¢9  Callsign, WTC, Flight Level(FL),
Speed (Knots), Squawk code, Model Type, Destination, Vertical

Rate (fpm), Heading(deg) FEE w1 9t}

19 ol Dialoge Hand/Take Over, Direct—To/ZE/3AE /&% Hy A A

o=

sect

29 28 BN 9749 7 5
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Aircraft Track ~ Dialog

I 29 BAAL spdoM Y FF7] A BE A4

AL28L H
ea1 259

0825011200 877
761200 RKSIB7731433FPM
RKSI  -1370FR84

11A2602 H
209 304

sgRgo W 8773

ST -AF93FPM

| a200 65 w773

RKSI  -1033FPH
o035

3% 30 BAX stEeM Y FF7) BE RE A



Pilot

«{ Aircraft Manager

+ Hashtable<Aircraft> aircrafts

Timer(dt = 0.1 sec), Loop: aircrafts }7

Aircraft

- States states

Aircraft Model

update(Time dt) = states

Server

{ Communication Manager }7

* Hashtable<Client>sdps_clients

{ Communication Manager }

Timer(dt = 1.0sec), Loop: aircrafts }7

Aircraft.getCurrentStates() = FlightData
sendToServer(FlightData)s

transfer()

Loop: sdps_clients

N
sendToSDP(FlightData) e

SDPS

Communication Manager I

* Hashtable<Client> cwp_clients

Loop: cwp_clients

-
sendToCWP(SurveillanceData)s—-

CwpP

~| Communication Manager }

= parse(SurveillanceData) > 1D, Trackl_:)ata

~| Flight Manager

+ Hashtable<Flight> flights [s—————

Flight: flights.get(iD) }

* Vector<TrackData> trajectory
trajectory.add (TrackData)

«| GUI Manager
I

draw(Flight)

ﬁ Timer(dt = 1.0 sec), Loop: flights |

1% 31 Pilotd H)3 dlojel7} CWP 3tdo] A 74K Y& & TZ



2.4.3 SOP &&9 4], Shadow Mode
AL fRELS Z2FALA AAE HHy FAe F4s wdAEas 19
W

323pko], Eelo] WS Data blocke] 7123t &4 AF-ES 33t}

AAR3365 H AAR3365 H - DA

089 270 0891120 2701200

1200 8773 1200 B773

RKSS 1100FPM RKSS  -1100FPM
060 | 060—180

29 32 Datablock AH: AA| ¥8 A(QZ), AA 97 F /|2 (LX)

olgfst #AALY] AF T T SOPE &&ate] g 7heksl Aguiogw
ZFALY] 24 glo] %719 Vs 7heetAl & ¢ Ut
A=, AAAF “AAR3365, Heading 180" o]zt= 1

719 d9e 1805 =2 aa & A, $AAE &

S Datablockd] 715381, AXZEo] YHAOoZE= X 145 7|HHo® o5
W} ZE HAAE AsoR A FdozA CWPA PilotoZ AEEA

o] MAAE e Pilot TZI;MAME ZFAF ZHAE wEste] 0~5%
A oe] A< (Uniform Distribution) & 4 -§3to] A5 o2 W wel 750
o]FoAXA st o]E & AlEHO|E A Shadow Modezt #Jst3ict. o]
=, SOP WA o% dole gtz sigste ghs Frhete Ao, FQas 7]
& W hdE e s A Qi Od 333 34 Shadow Mode?]
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Pilot

«{ Aircraft Manager

* Hashtable<Aircraft> aircrafts

Aijrcraft; aircraft,get(ID)

Server

4 Communication Manager }7

+ Hashtable<Client> sdps_clients

sdps_clients
Thread. SDPS_Client

CwpP

~| Communication Manager I

CCD = makeControllerCommand(ID, Command)
endToSDPS(CCD)

receiveMessage(CCD)
sendToPilot(CCD)

Aircraft Model

maneuver(Command) «———

{ Communication Manager }

receiveM ge(CCD)

CCD - 1D, Commend g

SDPS

Communication Manager Ii

* Hashtable<Client> cwp_clients

cwp_clients

Thread: CWP_Client

receiveMessage(CCD)

sendToServer(CCD)

~| GUI Manager

«‘ Action Listener

Selected Flight= ID
Heading

Speed
Altitude - Comrhand

Waypoint
Hand-Over

719 34 Shadow ModeT&8°] AMEEH & ¥ ZE +%
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& wol g 379 (Decoding) 3t AF- o] A Edlo] me} AAFO R MW
FEdTe PHOE HoHE P AW Astddty I3 ¢FAel Y

A THAF ) ol glom, FAle TCP/IPY Java Socket
olgitt. BE HolHe e &7 $ &7 1t
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07:486
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07:494
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Orignal Message

1a33077d284e28e94871bf72585560806fdda0423db4

1233077d39d18472228d86ef2858¢3709bcd60aad5e 92
1a33077d39d5a4d1218d86ef28990d551bc80888fe4753
1233077d3b25d7c4408d71364990810b7f00406db65d7
1a3307;
123307 1c35

1a33077d4b2b99304e8d71¢313583b54993¢57466b9e55
1a33077d4b2fb%ed5bBd71c313990¢72a52060056589b1

1a3307: 4

123307,
1233077d563136de3d8d71c364586980519fd24c6804af

1a33077d59f62185d8da7fbb3582590cc7115¢620699b
1a33077d5ad78ed5178d86e128990d561b80048857585b
1a33077d5bd2e6a5658da7 fbb325550416d208209350bc

1233077d5f22252d32871c3649908106810040572¢13b
1a33077d6522f4c4338dadbc 765897046506 504348682
123307 1c31 41272869
133077d6602215e5b8dl71c31399077a560600580665
1233077d6bfbc910408f71056990860ad908402dbeats
1233077d6ff8414c328dadebB0586594772¢684faef2c2
1a33077d71e6ea29388d86d60258314455906¢69fdd2eb
1a23077d71eb0b4d318d86d602090ce30a484c064ed7ad
1a33077d7247b23¢3d8d71c357582580109af4cSacd316
1a33077d72932771318d71034602f40d1813601865f52

1a33077d76f00fc7468da7fbb39914bd0f585c088bd522
1a33077d7821269e468a7fbb3582590cc7h15bed76175
1a 8

1a33077d8131d8ff2a8d86ef2858¢3709bf960887b5b0c
1a33077d8135923288d86e128990d561b80048857585b
1a33077d823117d4298d715f9458010068970854a002bc
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13307 1
1a33077d92121c994d8f71c056990860adb08403616248
1a33077d9487c92528dadebB05865a4772c6866014237
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71C034
ATE683
71BF72
ABCT6
AT6683
71BA03
8964F9
B6EF28
86EF28
71C364
71C364
71C357
718F28
710313
716313
AT6683
86D602
718A03
8964F9
71C364
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B6EF28
ATFBB3
71828
71C364
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71056
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AT6683
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86EF28
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71C501
AT6683
71056
AEBBO
8964F9

Callsign

AARB935

TzP41

UPS64

GTI8216
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™M

H

H

H

Category i deft d
Airborne 217 -89 327
Airborne 71 768 326
Airborne 36752518 12699646 15950
Airborne 505 0 %0
Airborne 2450
Airborne 25800
Airborme 38975
Aitborne 36912672 127.829083 37975
Aitborne 406 64 175 303
Airborne 446 [ 125 178

Medium 2 (between 34000 kg to 136000 kg) Airborne

Airborne 393 64 -50 269
Airborne 731814 127.08835 6175
Aitborne 37523245 126551394 10725
Airborne 320 1472 100 202
Airborme 2450

Heavy (larger than 136000 kg) Airborne
Airborne 433 1984 60
Airborne 544 64 -200 7
Airborne 36560257 126830521 20000
Airborne 10725
Airbarne 37197876 126708712 6425
Airbome 405 0 175 303

Heavy (larger than 136000 kg) Aitborne
Aiborne 3731842 127.08805 6150
Airborne 47 4 100 178
Airborne 37212323 126658869 29000
Airborne 37520686 126551006 10725
Aitborne 321 1472 100 202
Airborne 375 2048 25 165
Aitbome 37320277 126811782 19225
Aitborne 3712001 126874476 8700
Aitbome 240 1152 125 200
Airborne 37400775 12621497 32000
Aiborne 37227539 127190883 8300
Airborne 170 832 326
Airborne 224 -1408 175 303
Airborne 37198105 126708244 6425
Aitborne 447 0 125 178
Aitborne 10750
Airborne 36913879 127.82709 37975
Airbome 405 4 75 303
Airborne 37262808 126507568 1800
Aitborne 10750

Heavy (larger than 136000 kg) Airborne
Airbarme 37.212341 126,605 29000
Airbome 375198 126.84217 725
Airborne 170 832 175 325
Aitborne 376 2048 50 165
Airborne 37320277 126813155 19250
Aiborne 544 [ il
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%9l Instantaneous Self Assessment (ISA) ¢ NASA Task Load Index
(TLX) & 2748t olol @3 d3tE wojEr.

5.1.1 ISA Score %4 A3}
[SA+ P18 ATM AAHS AAlskE gt AlEdolds S8 d3is @Al
ARl AAA A Hate Hrkety] fE BAXE dFE FREE F
g AZbb JF Hate] flel] E 199 go] FHACE 1) HH ~ 5(%
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Table 19 ISA H7} 71&[42]
Spare e
Level Workload . Description
Capacity
) Behind on tasks; losing track of the full
5 Excessive None ,
picture
) Very Non—essential tasks suffering. Could not
4 High , J
Little work at this level very long.
All tasks well in hand. Busy but
Comfortable ] ] )
3 Some stimulating pace. Could keep going
Busy Pace ) )
continuously at this level.
More than enough time for all tasks.
2 Relaxed Ample Active on ATC task less than 50% of the
time.
. Very ) .
1 Underutilised Nothing to do. Rather boring.
Much
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Table 21 3Y3E 24 2THE 47 oA

Time | o osign | De3ding | Seeed | Altitude | o L ¢ | Handoff

(sec) (deg) (knot) (ft)
24 | UAS9631 7,000 0
92 | IJA1101 270 7,000

137 | UAS2218 2,600

163 | JJA8702 100 5,000

222 | JIA1101 150 0
953 | KAL926 80 6,000

207 | UAS2218 60

315 | KAL894 12,000

340 | JIA8702 2,600

371 | KLM855 7,000

384 | KAL926 120 5,000

408 | KAL894 10,000

424 | JJA8702 90
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Detect—And—Avoid Well Clear (DWC)& ©] &3}ttt
DWCE AMe &5719 2d X 2 £2E of&s A4 Eg Jid
QI Modified Tau(z,.), %3 #H4A +2 A2l Horizontal Miss Distance
(HMD), 72 #2] A Vertical Separation (¢,)& AARCE o] % a7l
z7ol W& H9lE A Loss of DAA Well Clear®M, &2 Alghel] upzt
Preventive Alert, Corrective Alert, Warning AlertE 7ZH3lH o= 2K
449t DO-365 MOPSeM = F5 2 AolA 28 7t 7% (Phase 1-
Enroute) & AIAISFR oW 20209 &85 DO-365A MOPS [43]lA EHuld

A E A& 7}53 715 (Phase 2—Terminal) & A|AI Mt}

= . Preventive Alert
i 5~ Threshold
Corrective / Warning Alert, LoWC E e It E
Threshold :

'—‘y-\'_ 4

Predicted position” g 4’5,.”__

" -~ I
After Aleﬂl'“'\‘_‘_e sec ..)"#.—-—" of intruder . ~"Ter Sec
- an . -~ »
e Predicted position N
- of Ownship ' N
Current position R ! Current position
of Ownship ot kj of Intruder

% 60 DWC 98 g & Well Clear Volume /EXE
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Table 22 DWC A 237

2 Preventive Corrective Warnin LoDWC All Alerting Time resolution
Scenario 1 DWC Phase (sec) (zec) (sec) g (sec) (sec;; Average rate
ADG-B= 0 0 0 0 0
Reference 64 48 57 416 (a) 585
- Phase 1 1 o ;
Sortie 1 18 11 33 157 219 (b) 140.5 (a—b)/a=
Sortie 2 10 2 11 32 62 ) 76%
ADS-B 0 0 0
Reference Phase 2 _ &2 182 (c) 234
Sortie 1 =S 24 107 131 (d) 99.5 (e—d)/e=
Sortie 2 13 35 63 ) 57%
. Preventive Corrective Warni LoDWC All Alerting Time resolution
Scenario 2 DWC Phase (sec) (sec) (sl::l)m (sec) E(:?;g Average rate
ADS-B= a 0 0 0 0
Reference Phase 1 68 29 ] 19 (a) 122
Sortie 1 - 0 0 0 27 27 (b) 45.5 (a—b)/a=
Sortie 2 ] 0 ] 56 64 . 63%
ADS-B 0 0 0
Reference — _ 25 0 (e) 25
Sortie 1 2has:2 0 4 4 () 2.0 (c—d)/e=
Sortie 2 0 0 0 " 92%
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32
» The scenarios based on 2 year old traffic and procedures were more difficult.
= Some of the situations required coordination with ACC.
= 1 controller was not enough to manage the arrival.
= ]t seems to be better to move the proposed holding fixes at DANAN closer to the final.
» Some of the aircraft maneuver instructions such as left/right turn direction

designation or vertical rate commands were not available.

[Controller 1]
= It was difficult to focus on separating the RPA because there were many inbound
aircraft at similar altitudes.
[Controller 2]
= Some of the separation issues were right after the start of the simulation.
» There were aircraft departing from runway 33 and 34 at the same time, which is
not realistic.

[Controller 3]

"  For scenario 2, it may be better to move the holding fix rearward towards

southeast or northwest.
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Table 23 &4 23 33

. Scenario Scenario Scenario 1
Metric .
1 2 — Scenario 2
3 min 21 min
ISA 600% %7
(6%) (42%) d
Mental 45 82.5 83.33% =7}
Physical 37.5 50 33.33% =7}
Temporal 47.5 52.5 10.53% <7}
TLX 37.78% Z7}
Performance 40 25 37.5% %
Effort 52.5 B 0% =7}
Frustration 57.5 72.5 26.09% <7}
Delay 9.02 min | 9.99 min 11% =7}
Commands 225 263 16.89% 7}
45,492 67,317
Eye—Movement _ _ 47.97% %7}
pixel pixel
Eye—Movement 22.95 26.13
Y . . . _ 13.88% 7}
Rate pixel/min | pixel/min
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