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Data Processing Program to Determine Transit Time
for Sectors based on Trajectory Data
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ABSTRACT

Currently, a study is in progress in Inha university to apply the First-Come First—-Served
(FCFS) scheduling technique studied by NASA to Korean National Airspace. Since a specific
type of input data are needed for this scheduler, a technique is required to determine the
flights schedules from trajectory data. In this paper, a methodology that calculates entry, exit,
and transit times for each sector using an objected-oriented programming tool, java 1is
presented. A database tool, MySQL, is used to efficiently handle large trajectory data, which
contain around 2.5 million data points.

Key Words : Data Processing(dle]8 #]8]), FCFS Scheduler(FCFS 2~#A1Z#]), Trajectory Data(3-%
Z}8), Air Traffic Management(3-8-23+a])
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Fig. 1. Trajectory data

ol

316

GHCHBt I | IP:165.246.75.++* | Accessed 2020/05/21

36 v
Fmm————- g b __
35 I =
| _-
| . _
24 1 ] 0 S
; / 1N !
RS !
8= -
§ | !
32 | b
| ’
’
| ‘
31 i v
| 7
s
sl | — — — South\West Sector | |
— — — South Sector
KAL363
29 . :
1235 1£4 1245 125 1255 126 1265 127 127.5 128 1285 129
Longitude
34.05 [
34
33.95
33.9
)
3
2 3385 oot
= Lol
3
33.8
3375
337
| — — — South West Sector
3365 — — — South Sector
KAL363
L H 1
126.05 126.1 126.15 126.2 126.25
Longitude

Fig 2 Trajectory of KAL363
Aol g7t o'l AE] EAsHEA,
3 ol Ao AEEZ EnstP Ao o

AAte] Fastet,

Fig. 2= &4 #AH F, KAL363 37|29 dlo]
HE =A% Zolu. Fig. 29 A 2= e] &
< Ade FEUe F4E, A4S AEHE YE
Wi, shere] a#ze g7t AEHE Byt
= FES gud Aot stdel a4 &, w3t
Ao g FAE A F, FEUI7F AHE 4
o] AZbE sbEEte] ~AEHC Fad o
deleE E&3sh= 3lo] Fasitt

2.2 Hio|lg XMzl Z=IY
Fig. 3& 48 dHlolHE Ad&Edhe H8s vehd
T} g oA 7 WA o]Folx| =
o]~z HolHE ¢oje= Aloln, o

Ao

Java
___________________________ |
Trajectory }
|
" Entry Time ||
Exit Time | |
|
|
Sector |
|
|
|
Lambert ; |
Conformal Siened Angle | | yeiont Factor | | |
fasie Method |
Projection |

. Data Processing Procedure

13:55(KST)



QFUOEE A9sta ¢lole 4 YEE s} 9
o2 g4 Az BARelel weEl Trajectoryshs 3
2, &9 A5s ZF 599] Do W} Sectorth=

Hel2 A&E 2, o] HolE= Intersection®] 2= A
g S 2AEHEY] 49 volHE A=drh
2.2.1 Lambert Conformal Conic Projection

B omrdA F3vle] AMe AES A

o=, Ml B = g}x/},] q.ﬂsi oy "734;}0314
213k 7]&}38}4 Fall A A ME Aol 9]
oA w40l CwEA @E] AR A

=]
AR

o]

(Lambert Conformal Conic Projection)
stich. AFEHeld AL el

A9 1 A% e A
sto] ANF wgolt®
igned Angle Method®

19] A4} MEfatole] wH &
7F b fAl A o ME| il
HA s okgttl. o] & 913l Signed Angle
MethodE 4-&3te] AA x| MEE 3lo}
Fig. 49} o] 9deje] A P
H A (P1~P5) 3F o] o]
%ol 36007k & 5. A PIt
AE emda

g JHP)l 2
uj, P>-P4, P’-P5%}
Aol ARSIz 36075

o_]i

Z7]

%%ﬂ 24

o
5.

71%01

2.2.3 Weight factor
s oz Gl AN ME Alole] wH
37|

= g wHolT. ¥ mRol A

o
WHE

Fig. 4. Signed Angle Method

e

GHCHBH I | IP:165.246.75. %%

317

P1 ! \‘\\ p2i(s=1)
(r=0)
0

Fig. 5. Weight Factor
271 93 weight factorE =3I T ol o}

o A elA ra & e, 04 14kl
%k% 7FzlTh. weight factorel] tigh o]s & 7]
H3l Fig. 55 HF-sFAh
Plz,y) = 01—7r)P, +rP, - (1)
= (1—-s)P,/ +sP,)/
| _ o4 Ty -x2 )
[y =@ T)[yl}ﬂ:yg , @
_ _ Ty Ty
- (1 S)[yl/_"’_S[yQ/
Ty = Ty 331,_352/} {Tﬁ _ [371’_1’1 . 3)
Yo~y Y1~y | Lsl yi' — Y
A MmE F 9 28] 455 4 9 &
x, yol #E= dehligla, 4 25 A )

o] ri} o thE FHXJUX=d)= BT
AT}, o]E Table 29} T2 FAHWH S A3}
Aol EAe=AE Bdsta, 3 s7F E=A8

ox El frmy 2

- ©] weight factors A]7tol] A -&3}o] ME F3}
NS k&S = 9l

Table 29| ¥HHH-E 221 HHA gl 3
o] @ Aot} A vE AA| FdF7]= 23]
obd 3xfdell A uledsty] wiiEel] A E el 1
T AHE7F EA%Y mebA Figo 63 22 4%
o A= Table 2] ¥EAHS S wHdS S +
S AT At

o] g, Plo] fIXs ME{29] %= AHH

Table 2. Intersection Point Criterion Standard

Case Description
detA # 0 | 3l(r, s)7F A4 & Mo uHd
detA = 0 | 73] @2 37t EAE; F diol
&d=0 | ¥* (r=0, s =0)
detA = 0 | a7} EAskA B F Aol B3
&d#0 | (r, s=mull

| Accessed 2020/05/21 13:55(KST)



Alt. &

= Sector 2

g
=

P2

Sector 1

=X or Y

Fig. 6. Intersection caused by height change
(Min & Max Alt.)9} PM zEE H| nLghe}, ko

P27} ME{29] A3k 3= HF (P2 > Max Alt. &
P2 < Min Alt)oll ST o= & 7]7F ME
THP= Aol Ha, oW Ik &S
o]-&3te] T AE T 3

=

2.3 dlolg| Xzl &z}

TZ2aRe A3std Aol JH-E Fig
70 VYENQITE A3 ZRE] AARSISI 7]
A&l A ZHHM Xﬂ‘l‘i
4

= %ﬂ%i”&

oo
T -
i=]

o]oiz]t

aHA oAl A&
w3 AE o D7} Bl
F3717F o= AE &
S-olth, B =FolMe AFH Wd AW P
Fol A AlEfe} TMAC dhaiAvt aE a5 7]
ol Class G9F #2 1 9]9] FHoA= A
tlo]E] 7} vl LAl H T

1

L

hyA
s

EWL
)

6’1—
=

Syl &84 AR E 2AZY
d dagh 4= dHolEHE =
ol-gate] ZR=IS A2kl
717} vy EIs= F
B S

L0 N 8 ¥0 19 o iy Ao

ZAts+= 0% FIR

3, EEFsE Il gt AR d5FE)
ol ~AEH Fe3 Fad FHS g A
o] 7 gFr]el EAlelo]l HAWA AFAH
Ay dlo]HE =& EA17F do] ol & 3
Agr 7 = Wete] e HTh %ol o]el gt
wAE AT F de Weks AFste] A"
dg dolHE 47 fg AFE AT o Ho]
th olE F3l, &4 As Age| Aoz A}

e

318

GHCHBt I | IP:165.246.75.++* | Accessed 2020/05/21

1 | Calisign
AARBI8 1
6 | AARB8L
AARBI8L
AARE981
AARSIE L
AARB981
AARBI8L
AARE981
AARBI8L
AARB981
KAL8216
KAL8216
KALB216
KALB216
KAL8216
KAL8216
KAL8216
KALB216
3 | KAL8216

=l " Upstream Sector
110044282
110085502
110144835
110230743
11U3282b2
110411870
110538069
111202721
111662937
111851273
26614258
27832853
28128111
28140549
28225149
28490720
28587268
28611297
28827670

ExltTme | Transit [fme
110085502 41220
110144835 58333 T01 Seoul
110230743 85908 T03 Csan
110328262 97519 703 Seou
L4118V 83bUg TU4_seoul
110538069 126199 T06 Seoul
111202721 664652 T07_Seoul
111662937 460216 North West Sector
111851273 188336 South West Sector
112814201 962928 T29 Gwangju
27832853
28128111
28140549
28225149
28490720
28587268
28611297
28827670
28972278

Current Sector _ Downstream Sector
T01 Seoul T03_Osan
T03.0san 03 Senu

T04_Seoul
T06_Seoul

U/ _seoul

North West Sector
South West Sector
T29_Gwangju
T23_Jeju

04 Seou!
TUB_seoul
T07_Seoul

North West Sector
South West Sector
T29_Gwangju
T23Jeju

High Central Sector
Low Central Sector
North West Sector
T07_Seoul
T06_Seoul

North West Sector
T04_Seoul
T11.0san

T01 Seoul

1218595
295258 High Central Sector
12438 Low Central Sector
84600 North West Sector

265571 TO7_Seoul
96548 T06_Seoul
24029 North West Sector
216373 T04 Seoul
144608 T11 Osan

,,,,,,, Low Central Sector
North West Sector
T07_Seoul
T06_Seoul
North West Sector
T04_Seoul
T11 Osan
T01 Seoul

Fig. 7. Final data for scheduling input
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