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ABSTRACT

With rapid growth in the technologies and demand of Remotely Piloted Aircraft Systems
(RPASs), integration of such systems into the existing airspace system is becoming an issue
in many countries. RPAS have different flight performances, communication characteristics,
separation assurance mechanisms, and human machine interfaces from manned aircraft. To
establish rules and regulations for RPAS integration, it is important to understand the
impacts of RPASs on the airspace system. A simulation system that integrates manned
aircraft, air traffic control, and RPASs is developed in Inha University to investigate these
impacts through Human-in-The-Loop (HiTL) simulations. Three conflict resolution scenarios
between a manned aircraft and a Remotely Piloted Aircraft (RPA) were constructed and
tested. Human factors such as the response times of pilots and controllers were measured
and analyzed as well as the risk of each maneuver.
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Table 2. Initial state of case 1 - Case 1 : Scenario
. T T T T ] ] T T
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o | | | T ~i— 1 |
Calllsign SHU5636 HL1163 b = i At i A ’j'ﬁ -

. 8 a726 HL1es ——t— s e A — == H = —
Latitude(deg) 37.2819 37.2495 0 S ‘ | T Te
LOI’]gItUde(deg) 126 6641 126 6588 371%% 625 126.63 126.635 126.64 126‘645 126.65 126.655 126 66 126‘665 126.67

. . Longitude(deg)
Altitude(ft) 3,525 2,500 500 N —
Bearing(deg) 315 330 o 4o ———:——7‘——4 jr/ :-———1‘——1 Jr;—-—:‘r:-—:f*ﬂ
B T | \’7#\’ 7’:7’[7,7‘77‘77‘777
Velocity(knot) 173 135 g 0= - — f/ e it ek Sl bty
Initial risk occurrence time(sec) 1.3 ] i e i i el il
5 10 15 20 25 30 35 40 45 50

Table 3. Initial state of case 2

Flight Manned Unmanned
Callsign CSN687 HL1107
Latitude(deg) 37.2305 37.44893
Longitude(deg) 126.5096 126.654
Altitude(ft) 4,325 2,500
Bearing(deg) 66 200
Velocity(knot) 214 130
Initial risk occurrence time(sec) 84.2

Table 4. Initial state of case 3

Flight Manned Manned
Callsign CPA434 KAL896
Latitude(deg) 37.0436 36.9633
Longitude(deg) 16.8898 126.8055
Altitude(ft) 9,425 10,875
Bearing(deg) 327 335
Velocity(knot) 241 272
Initial risk occurrence time(sec) ‘ 28.4
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Fig. 8. Pilot Respond Time

Table 5. Average Respond Time

Respond Time(sec)
Case —
Average Standard Deviation
1 39154 2.0133
2 3.3907 1.9385
3 3.7188 2.3597
Total 3.6683 2.0687
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Fig. 9. Controller Recognize Time

Table 6. Average Recognize Time

Case Recognize Time(sec)
Average Standard Deviation
1 35.0666 25.6058
2 53.8053 29.2824
3 115.0728 53.2788
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3.2.2 Well Clear Violation
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Fig. 12. Trajectory with WCV

Table 7. Command and Process Data

Case Callsign Command
2 CSN687 Hdg 210
3 KAL896 Alt FL20
Command Time(sec)
Case Controller Pilot
Start End Processing
2 136.364 144.235 5.565
3 185.826 193.302 6.398
IsEF=E°l EE T e Wf AP} F2Y
< ojrjgo,
Case 19 A% EE A% o3l 20%

Relaxation Factor®] 74 WCV7} &Asl= 4+
2D FAAY Z2AL 47 1.185nmid 570ftc}. wh
A CIPol A9 A<} rizt7kAE, Case 19 &
T7E TEAHEC =2 FEHYs & F Ak
Case 29} Case 39 Relaxation Factor
0%°llA  WCV7} = A7 AR
Table 72 o]ol tigt AAA © ZFALY] HEH
2 HH@ o HZPAtS YERA dlolE o]t o] A
% CIPe AUFE 42 0.79959 0.8042= A4k
AT o] F 71A 9 A& Fig. A= &
A=l BAAT &S At HE S
A Zto] 74 A Ad"E FFEYS ¢
ot Fig. 12= 32 AldolA WCVZE #As +
Tt A o] H A A Kot}
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