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ABSTRACT

With the continuously increasing demand for air travel, the number of
flights is constantly increasing causing various unpredictable and complicated
situations in the airspace. Moreover, the airspace will become even more
congested once the Unmanned Aerial Vehicles (UAV) are allowed to enter the
airspace. Along with the advancement of UAV technologies, research on the
integrated Air Traffic Management (ATM) of manned aircraft and UAVs are
actively being conducted. In addition to improving the existing ATM system, it
1S necessary to research and develop systems to ensure safety such as
Detect—And—Avoid (DAA) system and conduct various simulations.

In this study, risk analyses are conducted using the Automatic Dependent
Surveillance—Broadcast (ADS—B) data collected around Incheon International
Airport and Gimpo International Airport, the busiest airspace in the Republic of
Korea. Based on the analyses, an effort was made to find the proper detection
range of the DAA system.

For this research, an ADS—B system was installed and data collection
system was constructed. To increase the integrity of the risk analyses,
instead of using the raw ADS—B data, tracks were regenerated using a
trajectory generator and flight plans extracted from the ADS—B data.

The risk metrics utilized in the study are Conflict Intrusion Parameter (CIP)
and DAA Well Clear (DWC). Potential risk areas inside the airspace were
identified. By examining the effect of detection range, the field of regards, and
relative positions, a guideline for the DAA system performance requirement is

proposed.



Key—words : Air Traffic Management(ATM), Detect—And—Avoid(DAA),
Automatic Dependent Surveillance—Broadcast(ADS—B), Conflict
Intrusion Parameter(CIP), DAA Well Clear(DWC), Unmaned
Aerial Vehicle (UAV)
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2 Aol A A3 gHdolE L dlolE Mol A
o2 3t 30YAZE APt o= F 47,6014

A deleulo] s PuE HAT
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FAdolg 7 AdE 7t

52d0] EASAT, ALE A7) FA o] 235
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No. Date Data Size | Trajectories | No. Date Data Size | Trajectories
1 2017/08/05 1,934,460 1,627 16 | 2017/08/06 | 1,850,217 1,642
2 2017/08/26 1,927,458 1,648 17 | 2017/08/30 | 1,847,879 1,592
3 2017/08/25 1,925,720 1,608 18 | 2017/07/16 | 1,832,236 1,637
4 2017/09/02 1,920,711 1,603 19 | 2017/06/07 | 1,823,531 1,546
5 2017/07/15 1,901,201 1,604 20 | 2017/06/09 | 1,809,875 1,551
6 2017/06/08 1,903,243 1,564 21 | 2017/09/03 | 1,797,916 1,598
7 2017/06/10 1,898,490 1,539 22 | 2017/08/17 | 1,798,148 1,627
8 2017/08/03 1,895,005 1,655 23 | 2017/07/04 | 1,782,096 1,490
9 2017/08/04 1,882,033 1,637 24 | 2017/08/28 | 1,773,776 1,558
10 | 2017/09/01 1,878,041 1,587 25 | 2017/08/29 | 1,767,783 1,546
11 | 2017/08/31 1,875,694 1,599 26 | 2017/11/04 | 1,730,898 1,539
12 | 2017/08/24 1,868,515 1,614 27 | 2017/11/02 | 1,732,319 1,560
13 | 2017/08/07 1,866,953 1,519 28 | 2017/07/05 | 1,729,563 1,572
14 | 2017/08/23 1,861,426 1,595 29 | 2017/11/01 1,729,151 1,570
15 | 2017/08/27 1,858,875 1,637 30 | 2017/08/22 | 1,726,146 1,537
Total 30 days 55,129,359 47,601




APE SA) AHER FAdolEl ] RE Track Points 74 #7715 122 443t
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AALE AAtstAl G olwf F37]9 X PI=/FE)E X-Y FH3AE Hgdstr] 9
3] Lambert conformal conic projectione o] €330, JIEES =Hs= A ERE

Conflict Intrusion Parameter (CIP) 2} DAA Well Clear (DWC)ZE AF£3}9t)

3.1.1. Conflict Intrusion Parameter (CIP)

CIP: F 8717 @A) 4 59/54 Adg £ 71#3% vaste] 9g5g &
ARow vl A& SR, Avgor 3 F
A)elA A, Fudor AgHE 54 Axold. CIPE At WS o
21(1) 3 #rh

CIP(t) = max 1—0.5><(rxy(t)+ dh(t)),o} A1)
Sita . Nsta
where,
= Ja2 () +d(t) 2(1-1)
d, (t) = z,(t) — ml(t) 21 (1-2)
d,(t) = y,(t) =y, (t) 21 (1-3)
dy, (t) = lhy () — Ry ()] 2 (1-4)

oA7IM F FErlel el d, = X=F WFer Ao F3A4, 4=



CIP #2 0°.2 AxteH, o= g7l w5ES yebdtt. skxxk CIP gke] 09]

Flight 1

State: Cruise
Direction : North
Speed : 86 knots (Constant)
Start Point
- Latitude : 36.3280 deg
- Longitude : 126.6124 deg
- Altitude : 22000 ft

Time: 170 sec

Time: 150 sec

Altitude (1t

-Time: 130 sec

Flight 2

- State: Climb
» Direction : North-East

ek + Speed : 111 knots (Constant)

1656 1208 fongvfudeweg) « Start Point

' o] - Latitude : 36.3280 deg

- Longitude : 126.5528 deg

- Altitude : 7100 ft

3634

Latitude (deg)
3633

3632

Value of CIP
pr= =
{ y—

40 80 80 100 120 140 160 180 200
Time (sec)

(29 3—1] CIP A A= Az
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3.1.2. DAA Well Clear (DWC)
DWCE #3379 DAAES {8 AP o ARHEZA, T 37 Atolo] F&
A9 S1% Ak Tk AAVIEE gt 3 RTCA DO-3650(May 31,
2017) o1 DWCel tgt 71Fe Az Adsgon ! B dApeqn o5 243}

0

J9E wAS Fastdth oo mel DWCE @uas] A% ALHE A (@)~
2

1
5 = max(DMOD,§<\/ (rir o) +4DMOD? — 17 mod)) 4@



HMDp | i = \/(d:w + vrx,itCPA,i>2 + (dy,i +vry,itCT’A,7i)2 | ;

dh,i = |h17i - h2,i|

where,

1= [tlv t27t37' “7te71d717 tend]

¥ d‘Ll * UrwA,i—i—dyA,i vl'y,i
/r‘,i ’l

2 2
ro= o +d,
dy; = gt @y,
dyl = Yot Y1,
Vppi = Tyt Ty
Vpy,i = Yo,it Y1,

o dxz rrl+dyzvryz
lepg,i = max 0, — 2 2
Urr,i +Ury,i i

3 HozHEH ok 259 Ve UFH
3t o]= Loss of DAA Well Clear (LoWC) 2} vreRdTE,

lr; < S| AND [HMD,, < HMD'] AND [d,,; <

at 7.4 = 35sec, HMD" = 4,000 ft, d, = 450 ft

DWCE ®2l7]Fo] $Hte LoWCEA o] e &x7]2 9],
AL vl eHeta APl Y Preel et A
7}7ko] 913 WAE 42318t Well Clear Score (WCS)!Hg o
Agaich 2t g9l g 2 [ 3-113 2ok

||\
r&«l

d

3 DWCE #el1FEL

#e Uhehdth

21(3)

21 (4)

21(1-1)

21(2-1)

21(2-2)

21(2-3)

21(2—-4)

21(3-1)

4(3-2)

2(3-3)
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3
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[ 3—1] Well Clear Score

Alert Preventive Corrective Warning
LoWC SLoWC (%)
Type Alert Alert Alert
Score 1 2 3 4 4+SLoWC/100
Tmod 35 35 35 35 35
(sec)
HMD 4,000 4,000 4,000 4,000 4,000
(ft)
d,
700 450 450 450 45
(ft)
Average
Time of 55 55 25 - -
Alert (sec)
Late
Threshold 20 20 15 - -
(sec)
Early
Threshold 75 75 55 - -
(sec)

o714 Severity of LoWC (SLoWC)E= LoWC @AI7F & A& (0%) o 2HE =
(100%) 72 F==stst Aoz AGAE o AEsst A5 on|stty, SLoWCe o)
210 E o]g3sto] Akt

SLo WC; = (1 — RangePen ;B HMDPen P Vert Pen) < 100% 21(6)
where,
@y = Vai+ (1 +2?) « o2 21(6-1)
Range Pen; = min(% , 1) 21(6—2)
HMDPen,; = min(% , 1) , DMOD = 4,000t 21 (6—-3)
VertPen; = min(% , 1) 21 (6—-4)
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LowC

Warning Alert

Corrective Ales

Preventive Alert

120:}8

Flight 1

State: Cruise

Direction : North

Speed : 86 knots (Constant)
Start Point

Latitude : 36.3280 deg
Longitude : 126.6124 deg
Altitude : 22000 ft

SLowc (0~100 %)

Wamlng Alert \
Corrective Alert|

Preventive Anen

120

40 120
Time (sec}

63 140

Flight 2

State: Climb

Direction : North-East

Speed : 111 knots (Constant)
Start Point

Latitude : 36.3280 deg
Longitude : 126.5528 deg
Altitude : 7100 ft

[2% 3=2] ' WCS A4k A4 7
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