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Abstract
An Automatic Dependent SurveillanBeoadcast (ADSB) receiver has been installed at Inha University in 2016. The location of

Inha University, being near Incheon International Airport and Gimpo International Airport, HieWwdSB receiver to cover th@ost
congested airspadethe Republic of Koredn this paper, a risk analysis is perfornigdcalculating Conflict Intrusion Parame({&iP)
andWell Clear(WC) using the recorded ADB data Data accumulated for one vketrom April 20" to 26", 2017 are used for the
andyses. Due to poor reception at various time intervals, some aircraft trajectories contain missing seghesgt segments were
reconstructedly interpolation within a reliableeceptiorrange to completthe @erall aircraft trajectory.n order to synchronize the time
between trajectories, the update cycle of all trajectory is set to one sswbtitk points are resampl&ince the recorded ADS data
belongs to aircraft that are edidy separated amdanaged by air trafficontrollers, the riskraalyzed by applying thetandardeparation
cannot capture the risk properly. Thereftie,data were analgd using relaxegeparation criterjiavhich areconstructed by multiplying
various relaxation facterto the standard separation crite@# analyses confirmed that the aircraft were gelyguadperly separated
except at low altitudes neairpors. Using relaxation factors, the time intevaind regionsf potential risk could be identified, which
are mostly near the final arrival path to Incheon International Airport and Gimpo International Airport. W€earsiipwed better

correlation with theactual risksince it also accounts for relative velocity and tiMany of the air route merge pointsn@eadentified as
the potential risk area using the WC analy3é® risk analyses will be the bases of the studies on var@dsgyeneratio air traffic
management conceptacluding the integratioof the unmanned aircraft system

Keywords Automatic D@endent Surveillanté8roadcast (ADSB), Risk Analysis Well Clear (WC), Conflict Intrusion Parameter (CIP)

Nomenclature

Iy = horizontal separation

Std = horizontal separation standard

dn = vertical sparation

Hst g = vertical separation standard

h; = altitude

HMD horizontal miss distance

dy = horizontl separation in the-girection

dy = horizontl separation in the-girection

Vi x = relative horizontal velocity in the-dimension
Vi y = relative horizontal velocity in the-gimension
tcpa = time to horizontal closest point of approach
Gho d = modified tau

Iy = horizontal range rate

DMOD = distance modification of modified tau

o = modified tau threshold

HMD = horizontal miss distance threshold

d; = vertical separation threshold

1. Introduction

With the continuouly increasing demand for air travel,
the number of airbom flights are keep increasing causing
various unpredictable and complicated situasion the
airspace.This increased aircraft density leads to higher
probability of airborne conflicts and colligis. Therefore,
risk analyses araeeded to manage the airspace saéeld
efficiently. An ADSB receiver was installed at Inha

* Presenting AuthoiGraduate Studen22161558@inha.ediiember,

Universityin 2016, and its collecting track datdaily. Inha
Universityis located between Incheon International Airport
(RKSI) and Gimpo International Airport (RKSS)
Consequently, the Sab Traffic
Maneuvering Area (TMAand its surrounidgs, the busiest
airspace in the Republic of Korea. About 1,108jdéctory
dataare collectedand processedach day and stodein a
database systesso that the data can be used not only for

receiver covers

traffic analyses but also for various air traffic simulations
[1].

In this paper, risk analyses were performed using
collected ADS-B data aroundthe Seoul TMA. The risk
metricsutilized in the studyare CIP [2], and WC[3]. CIP
is a distance based conflict risk metric. WC is a new metric
introduced for unmanned aircraft that is adapted from the
Traffic Collision Avoidance SystemWC consiars relative
velocities and timesUsing these two metrs and various
separation standards, potential risk area in the Seoul TMA
are identified As can be expected, the risk area are
concentrated around the final arrival paths and air route
merge points. In the futureghese data can be used
improve the rates and procedurgaspecially for new kinds
of aircraft such as unmanned aircraft.

2. ADS-B Data
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2.1. Data receptionrange

environment. The receér used in this study can receive up time interval

to 210NMI to the West{The Yellow Sea),up to 120 NMI

risk involves comparing thpositions of aircraft at a given

Datareception rangefathe ADS-B receiver isinfluenced time instanceTherefore, it is necessary to interpolate the
by the location of the antenna and the surroundingMissing intervals and resample the track data at a regular

to the SoutHJeongeup, JeollabuRo), and up to 16MNMI Tabllerajectory data

to the North (Taebaek, Gangwp). TP N '(‘dg) '(‘ig) ?kptg; A(;)T (hmﬂmis) Tr&g?*
Fig. 1showsall thetrack datecollected for oneveek from TP1  37.02365 127.6327 323 18000  21:05:51 306
April 20" to 26", 2017.Fig. 2 showstracks arouncRKSI TP2  37.02458 127.63D 323 18000  21:05:52 306
and RKSSwhich revealdrequently used routes. TP3  37.02923 127.6227 322 18000  21:05:57 306
TP 4 37.03016 127.62D 322 18000 21:05:58 306
= DNHRWWOMM?&C T TP 5 37.03374 127.6146 320 18000 21:06:12 306
| TP 6 37.0340 127.6142 320 18000 21:06:13 306
37} s TP 7 37.03774 127.6075 320 18000 21:06:16 306
365/ - TP 8 37.04399 127.5963 320 18000 21:06:21 306

g 5 TP 9 37.04523 127.5941 320 18000 21:06:22 306

. TP 10 37.04648 127.5918 320 18000 21:06:23 306
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2.2. Data processing

ADS-B data consist of twoamponents, position data and
state data. &sition data refers to latitude, longitude, and
altitude, and state data refers to velocity daratk angle.
There is a time difference between the two dfta
Therefore, it is necessaryto compensatefor this time

Tabl®or2t ed

Fig. 3shows the time synchronization and interpolation of
the two aircraft tracksAll track dataareresampled at one
second intervalFinally, the data are sorted liyne. Table
2 shows part of the sortedack data

trajectory

di f ference b edsitim data aadistate dataftot 6 Patep

Time

createa singletrack point.These track points are generated

Flights

Flight Dat

a

(ICAOaddresi&CallSign/Lat/Lon/Alt/SpeedTrack)

15t Flight

2nd Flight

34 Flight ¢ € ¢

by flight, each consisting of time, latitude, longitude, 2017/04/20

71BE24/KAL283/
37.3296126.4789/
11937/410/109

86D943/AJIX8480/

37.4350/126.3
12158/374/1

06A066/QTR807/

049 37.4090126.1881/

55

30000/406/270

71BE24/KAL283/
37.3290/126.481/1
11968/410/108

86D943/AJIX8480/

37.4332/126.3
12194/374/1

06A066/QTR807/

059 37.4090/126.1861

55

30000/406/270

71BE24/KAL283/
37.3284/126.4833
12000/411108

86D943/AJIX8480/

37.4315/126.3

12230/375/155

06A066/QTR807/

069 37.4090/126.1842

30000/406/270

altitude, speed and track angle. Table is an exampleof o
the trajectoy data 23;72/21/50 .
TIME column in Table 1shows that the time inteval is 201770420 .
irregular. Due tointermittentno receptiontime intervals, 00:24:57
some track dat@ontain missing segment€alculation of 2017/04120

00:24:58

71BE24/KAL283/
37.3282/126.4844
12025/412/106

86D943/AJIX8480/

37.4298/126.3

12266/376/155

06A066/QTR807/

079 37.4090/126.1823

30000406/270

da
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71BE24/KAL283/ 86D943/AJIX8480/ 06A066/QTR807/

2017/04/20 1.0 1000 ft
00:24:59 3 37.3278/126.4864 37.4281126.308/ 37.4090/126.1804
12050/412/105 12302/376/155 30000/406/270 15 1500 ft
104/ 71BE24/KAL283/ 86D943/AIX848/
233722220 2 37.3273/126.4884 37.4264/126.3099 - 2.0 2000 ft
12075/412/105 12338/377/155 Eoym 1000 ft
2017104120 71BE24/KAL283/ 86D943/AJX8480/ 25 2500 ft
. 2 37.326)/126.4904/ 37.4247/126.3109 -
00:25:a 12100/412/105 12375/378/155 3.0 3000 ft
3.5 3500 ft
3. Analysis of Conflict Risk
Risk analysis uses two metrics, CIP and WC. Since both ‘ Number of Flight per Date ‘
. . 1560 - 1
the metrics ee based on the currently used separation 1445
management standards, and the recorded track data are the ***
tracks already managed by air traffic controllers, chantes L P
violating the separation standard is extremely smad. ;!_'1500
identify thetrendsand compare theetative risk of properly S 1as0
-
separated aircraftseparation standasdare multiplied by Emn_

variousrelaxation factos. Risk metrics areeevaluatedy

1440

substantially increasing the separation standard up to 3.5 =7

20 -

times.
0
Apr.20 Apr.21 Apr. 22 Ag;.tza Apr.24 Apr.25 Apr. 26

3.1. Conflict Intrusion Parameter Fi ¢4 Number of flights per
CIP calculaes risk using the drizontal and vertical
distance between the two aircraft described in Eq. (12]. Fig. 4 showsthe number of aircrafber dayin the collected

¢ ar 0§ data April 23 has the legest number of flights for the

CIP(r,.d,)=1-0.5 2 zmT.iQmaes_y +H—“ o [€H) week CIP was calculatedor April 23" according to the
[ ¢Psa e Y modified standards.

If horizontal and vertical distanseare zerp CIP is one
which means collision If the horizontal and vertical
distances between the two aircraft aggeater than the
separatiorstandard, it iszero,which indicates that there is

Factor 1.0

canwan®

no caflict between the two aircraftSince the data are Factor 15

CaNnwaG®

processed at a regular egecond intervalEg. (1) canbe
modified as shown in Eq2) [4].

| | T N TV T A T 1 1IN T

- - - 08

06

Faclor 2.0 04

CanwanD

CIP(rxy,dh) _ maxfl _05 a rxy dh 203 (2) (il b 21
T (;Sstd std + ,{] 08

08
04

Factor 2.5

Table 3 shows modified separation standarty

SCamwamn®

Conflict Intrusion Parameter Occurrences

oanwano

multiplying relaxation factos to the standardseparation

08
08

| Factor 3.0 |

values, which are five nmi horizontally and 1,000 ft

04

02

vertically. 0
TablMo®Bi fi ed ssd@oaPr at i on %Fm” |
Garennt PR e el |
1.0 5 nmi Fi 8CI P occanden@ps®2e3 2017)
1.5 7.5 nmi
. s nmi 2.0 10 nmi Fig. 5 shows the CIP aoputed by each modified
2.5 12.5 nmi separation standard. Theaxis represents time of the day
3.0 15 nmi and they-axis indicates the number of timdse CIP value

3.5 17.5 nmi is greater than zer@\dditionally, it is possible to check the
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CIP valuedor each conflicthroughthe color bar.

Fig. 5 indicates that there arggnificant number of cases
of standard separation being violatefig. 6 shows the
valuesand locations ofhose points of violation. The circles
are placed at thmidpoint between the two aircrattathas
CIP greater than zero

T : ! . T Ty . v
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Most of these circles are inside the Class B airspaces of

the RKSI and the RKSS In Class B airspace, it is not
appropriate to calculatéhe risk based only on distances
becausemost aircraft fly along sophisticated restthat are
part of takeoff, landing, and approacprocedures.
Nevertheless, the circled aeahown inFig. 6 indicae
regions with relatively higher riskFor example, when
adding newarrival routes for unmannedircraft, it may be
better to avoid these areas. Outside @iass B airspace
only a few aircraftpairs showthe CIP value exceeding
zero for only severadecond.

38 T

378

37.6

]
-

Latitude

4
N
T

37
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Longitude

Fi @dPosition of

of ClI P

Fig. 7 shows thetrajectoriesand positionsof the two
aircraft of highest CIP value at 17:2¥h this case, the
altitude of the two aircraft are equal, and the horizontal
distance is 2.31 NMIAircraft 1 is an Airbus 330300,
landing on therunway 33Rof the RKSI. Aircraft 2 is a
Boeing 737800, kanding on therunway 34 of the same
airport The distancebetween the two runways is about
8,200 feet, indicating thamdependent operation is possible
So, the situation described in Fig. 7 is normal and is not a
safety concern.
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Fig. 8 shows the results of CIP calculatiom April 24™",
2017. With the factor of 3.5,six pairs of aircraft
simultaneously showed conflict four times during the 24
hour period Those values cabe found in Table 4.

Tabl@lWRal ue tbiniefa a €3 r5
Time CIP value Time CIP value
0.3949 0.1617
0.5519 0.3922
0.0244 0.3814
11:15: : 15: 35:
0.3418 0.6962
0.1712 0.3599
0.6802 0.6637
0.0436 0.1667
0.4419 0.3741
0.4205 0.1840
14:27: . 16: 32 :
0.5648 0.3030
0.0632 0.5716
0.0102 0.1584

wihteh ctomd | li a&rt

Amorslg he six conflict pairdgn Table 4, the onat 15:35
gesti rval ue )
show particularly high values of CIFRFig. 9 shows the

occurren@es2ithn@ovdalue
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positiors and the valuesf the CIPfor the six pairs The

Factor 3.5 (0~1.0)

conflicts arecaused by one airaft arriving atRKSI and a3 e lioit
. . [ Factor 2.0 (0~1.0)
three aircraft departing froRKSS The result suggests that ¢ ot 15 0-10)
there is a potential dangerear an areavhere departure s1a- . Fackoe 10,0101
from one airport and arrival to another airporbssover. ar2
& 37—
3
T T E,S_s.
37.6 CIP =10 |4
CIP =05 366~
CIP = 0.0
3741 b 364 -
362
37.21 N
36—
g ¥ | 358
E | . ‘ ,
"g 125.5 126 1265 127 1275 128
—136.8 1 Longitude
66 > % ] Fi f1.ClIPocabiyohsAptrziyf (2017)
+
36.4 b
38 & Factor 35 (0~1.0)
36.2 T 1 KV Factor 30 (0~1.0)
L I 1 L I L L L I Factor 25 (0~1.0)
125.8 126 126.2 126.4 126.6 126.8 127 127.2 1274 1276 Fl:mZO(O--IOJ
Longitude a7sl Factor 15 (0~1.0)
= X Factor 1.0 (0~1.0)
Fi @CI P occurrendes2i32015: 3
37+ p .
Figs. 10 - 16 represent thevaluesof the ClPsand the 3 '
locations of the conflicts with various relaxation factors for 2
one weekExcept for the white backgroundnaller yellow i
circlesrepresentowestrisk areaAs thecolor of the circle
turnsclose to redand as the size of the circle gets larger, 36
the riskincreasesGenerally, higher risk areas appear as
. . . .
lines that go over the runways aligned with the runway .| | | = |
directiors. However, significant daily variatiarcanalsobe i e " i, T . =
observed. Fi i2.ClIPocabiohsAptrai2 (2017)

Factor 35 (0-10) 28 Factor 350-1.0)
38 Factor 3.0 (0~1.0) Factor 3.0 (0~1.0)
Factor 2.5 (0~1.0) Factor 2.5 (0~1.0)
Factor 20 (0-1.0) 37.8- Factor 20 (0~1.0)
Factor 1.5 (0~1.0) Factor 1.5 (0~1.0)
Factor 1.0 (0-1.0)
sl 376/ Factor 1.0 (0~1.0)
3751 i) .
374
37.2-
§ 37t § .
= 2 _| ’
3 g
36.8 -
3651
366
364 -
36+
36.2—
| . . L
125 125.5 126 126.5 127 1275 128 1255 126 126.5 127 127.5
Longitude Longitude

Fi 0.ClI Bclathy nfsaAptrzidl (201 7) Fi 3.ClIPocabiohfsAptrzi3 (2017)



2017 Asia-Pacific International Symposium on Aerospace TechnolSgpul Korea

38.2F Factor 35 (0~1.0)
A Factor 30 (0~1.0)
38 Factor 25 (0~1.0)

Factor 20 (0~1.0)

378 Factor 15 (0~1.0)
Factor 1.0 (0~1.0)
376+
374~
-

a2~
2
s
]
- 37+

368

366

364+ &

362~ ,{

v .
4
| . 1 M. . .
125 1255 126 126.5 127 1275

Longitude

Fi 4.ClIPocabioh sAptrzifl (2)01

L Factor 35 (0~1.0)
Factor 30 (0~1.0)

38 n?¢
& Factor 25 (0~1.0)

Factor 2.0 (0~1.0)
Factor 1.5 (0~1.0)
Factor 1.0 (0~1.0)

s Fi §7.Schematic of parameters
3 . 2 2
j= ‘ - 49\/((1x Vol Hd, w17 for t,, @
i - o for t.,, 9
365+ where (3)
! do=x% -x, d 3 % v & Xy ¥y
36 ;?L- t - dxvvx + dyvry
crA vi+ vt
rx ry
125.5 1;6 1216‘.5 1%7 12;,5 1%3 e 0 whenr ¢ DMOD
Longitude 7 Xy
. . . i (r2-bmoD? .
Fi t5.Cl IPocabiofi sAptraihf (2017 ), =1 —2— when, DMOD and | O
1 Tey xy
:t a when g >DMOD and ';y 9 (4)
where
L Factor 3.5 (0~1.0)
2 : dv +dv
38— o Factor 3.0 (0~1.0) 2 2 _oxx y ry
<V Factor 25 (0~1.0) Tyyd e +dy r, =
37.8 o 'J') Factor 2.0 (0~1.0) rXY
G K= Factor 1.5 (0~1.0) . .
Tk . -;,H\Rkss Factor 1.0 (0-10) These three valueseacompared tdhe conditions in Table
a4 %ﬁ\ﬁf 5to determine if Loss of Well Clear (LoWC) has happened.
: o,
i 27— Generally, the requirement for the DAA system is such that
° o 3 . . . .
E PR 'l . it must always prevent LoOWC situatioRor the risk level
E 37 —y T2 X . ]
’ e o lower than LoWC, the alert levels can betermined using
36.8 -
J the conditions in Table 6.
366 e
Tabl@orsdi tlooMC o f
36.2- v(j\—, LowC Standard Value
38 1 | u—‘:“” | 1 ] L od o¢ LA ¢ LA t;md =35sec
1255 126 126.5 127 1275 128
Longltide HMD 0¢ HMD ¢HMD' HMD' = 4,000ft
Fi #6.ClIPocabi oh sAptrzi 8 2017 . " . -
% y P L ) Q Q d d, = 4501t

3.2. Well Clear

WC is a neWy introduced metric tonathematically define
Awel | cl ear o

the concept

the reguétions for manned aircraftt was devised to be
used with the Detect and Avoid (DAA) system of unmanned
aircraft system to handle the risks in between conflict and

collision [6].
Using the locatioa and velocites of two aircraft[3], the

WC calculates tb risk using threeparameters, vertical
separation at the current time, , horizontal miss distance
at the moment of horizontal closest point of approach,

HMD , andthe modified tau,:

of

mod *

these parameters are calculated [6].

dh

Egs.(3) - (4) show how

t

[
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TablWC 6ssedgar ati on al ert Simdav ®ICIP| rdgnned aircraft traffic managed by air

Standard Advisor Preventative  Corrective Warnin
Value y Caution Caution g
Wl.thl 60 sec 55 se 55 se 4®Bec
Ti me
f;od 35sec 35sec 35sec 35sec
HMD' 2.0 nmi 0.66 nmi 0.66 nmi 0.66 nmi

d; 1,200 ft 700ft 450 f 450 ft

In addition, another metric call€feverity of Loss of DAA
Well clear (SLoWC)is proposed to quantify the level of
risk between LoWC and collisiof6]. SLoWCis calculated

using Ec. (5) - (11).

SLoWC= (1 - RangePenA HMDPenA VertPenl00% (5)

XA y1x 4 ) yX (6)
ar |
RangePerr MINae—,l } (7)
¢S
a 1 a g 2 . [ol¢
S= MAX®DMOD,~ &[ertQ, 6 4+DMDD r i, & (8)
® 2 &\¢ + o
[ G =
a4 HMD (
HMDPen= MIN 4 1 (9)
cbMoD -
P v, te)® Hd, vt 0" (Lo, O
HMD ::\/ (10)
T ey (tCPA¢O)
SV O Iy
WOQi oum&)uﬁfp (11)

Fi g8.Lev el

As shown in Equation§), the SLoWC represents a
percentage, and the higher the risk, the closer it is to 100

of aweelAlp s2iBle a2r0 1 7))

traffic controllers showed sk levels up toLoWC
infrequently. Relaxation factor were applied to the
standard in Tables 5 and 6 toexamine the trend

Fig. 18 shows the number of alerand thecorresponding
levels with respet to time with relaxation factors from one
to 3.5 on April 23, 2017.1t can be observed that WC alerts
show less risk than the CIP of Fig. 5. The results show that
risk metric that considers relative velocity and time is better
aligned with the actualisk situation near airports.

Fi §9Tr aj eotf orLidbédshal f actor

A total of fourincidences of LoWGwvere detected usg
the relaxation parameter of onkig. 19 shows tlosefour
trajectories on thenap. In all four cases, warninigvel
alerts happenedt the beginning of the climb from the
airport or landing to the airpolitelow 2,500 ft Due to the
ambient environmenaround the antennahe datawere
often susceptible to poor receptiobelow 2,500ft.
Therefore this result requies further investigatian

For about an hour and thirty minutes from 16:00 to 17:30,
relatively high leves of risk is observed from the relaxation
factor 3.5 case in Fig. 18. Compared to the CIP of Fig. 8
that does not show notable differences with respatime,

WC alerts show larger variations depending on the time of
the day.

Fig. 20 shows the alert levelof risk during the 1.5hour
period onthe map.The locatios of the alers are mostly
concentratedhear the merge point of approaaciutesto the
airport.

Figs. 21 - 27 showthe alert of risk levels and SLowC on
the map Similar to CIP, the riskbased Well Cleais shown
in the form of concentration near the airport and the adou

%, :
the airport.
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