A Study On Route Calculation Algorithm For Effective Air
Traffic Flow Management
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Abstract

According to the recent increase in air traffic more efficient air traffic control is required. This paper proposes
the algorithm for efficient air traffic flow management. Aeronautical traffic environment is different from the
common traffic environment since it needs vertical and horizontal separation deviation. In this paper used
vincenty's fomula, we calculated distance of route for produced weight that was applied air traffic volume in
distance of route using dijkstra algorithm. Then we let aircraft selects a course that minimize to wasting of
fuel and time. As a simulation result, so unlilke simply shortest course calculation of existing course calculation
algorithm, we confirmed that proposed algorithm in this paper can do air traffic control more efficiently by
selecting optimized route.
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Fig. 2. Specification of WGS-84 coordinate system
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Table 1. Constants of WGS-84 coordinate system
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(@) 6,378,137 m
@7 (b) 6,356,752.3142 m
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¥ 2. Variable BIME| SAlof| A== B
Table 2. Variable for vincenty fomula

HooF o9
2, 2, T AHY A=
A A T AR A=
L A% Zol(h,-A,)
U, Arctan((1—f)tan®,)
U, Arctan((1— f)tan&,)
a. o | HOANG F7
s ElolN e F A Abole] Ag

Tzl T A9 ol dis) wAEY 4
7™ (inverse method)S ©]&-3te] AZE ALtetch

sing = \/(cos Uysin\) 2+ (cos U, sin Uycos))? (4)

coso = sin U; sin U, + cos U, cos U, cos A )
o= arctan 22 )
cos U, cos U, sin\
sina=——+— 2" ° @
sino
cos’a=1-sina ®
2sin U, sin U
cos(20,,) = cosa — %22 )
cos“a
C= %cos2a[4+f(4*3cos2a)] 10)

A=L+(1—O)f sinalo+ Csina(cos20,,) (11
+ Ccoso (—1+2cos*(20,,))]

A 1ol A7F S s = 4 12-175 o]
sto] Ag(5)E At

2 42
u?= cos?a’ bzb 12)
v (13
A=1+ To3s1 1096
+u?[— 768 +u? (320 — 175u?)]
2
u
B= Toa1 256 (14)
+ w128 + 1 (74— 47u?)]
Ao = Bsinolcos(20,,) (15

m

+ %B(cosa(— 1+2cos (20, ))

— %BCOS(?O’, )(—3+4sin’s)

m

(—3+4cos(20,,)))]
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cos U,sin A
o =arctan( cos U, sin U, — sin U, cos U, cos ) 19
cos Uy sinA
a, = arctan ( L y (7N

—sin U, cos U, + cos U, sin U, cosA
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Table 3. A change of node weight
S y t z X
()94 | 0] oo o ©
AR
(b)dAH | 0 5 10 0 co
AR sy s-t
(c)A2k 0 5 8 7 14
BE sy | syt | syz | syx
(A2 0 5 3 7 13
AR sy | syt | syz | syzx
A= | 0] 5 8 7 9
sy | syt | syz | sy-t-x
M =233 78 2 457}
s
3-1 Z2JY 1A
5479 33 S AP A= AW TeaYe
o a9 69 ()9 ICAO ATSY] A2 HRE A3l
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Fig. 4. Relaxation processing of dijkstra algorithm FEIT
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Fig. 5. Computing Shortest Path
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(FPL—K AL 925/A3300- 15— A332/H—
SXDHPRWY,/S-RKSIO300-KO088351080 DCT
MOPIK G597 AGAVO/KO088351 080 G597
DONY0O A326 DOXASBEIII
POHHO/KO87651 060 M520
MODUN/KOS78511 60 M520 SERMNA A310
UNLL R497 TODESBZ200 ZJ R22 KTL R30
SUB210KR BSSAKOLPI R30 SPB B141
RANVA/MNOA70FA00 UPB53 KOTAM UL990
LUPUR UKMGI1 ALS UNE72ZEELDCT-
EHAMI1114 EBEBR LAPG-EET/Z5HA0030
Z¥SHOD4A1 FBPEOOSE ZMHMUB0215 U031 6
UNKLO419 UNEEOAS9 UNLLOS06 UNMNTOSTF
USRROSSE8 USHHOG 18 USSEDBAS
Uy 0O7s10 ULKKO 743 UL wWwWOos05
ULLLOS83G EETTOO08 EVRPO9G5 ESAADD41
EKDK101 8EDYW1030 EHAAT1D49
REG/HL 7539 SEL/ABPRS AMEKSTCAS
EQUIPPED EA1 Z39 P/184 RAUY S/ 1ALF
D/6 ASBLUE YWHITE)

(a)

ATS Data Type: FPL
SSAmode A

AircraftID: KAL9ZS
SSHcode: 3300
Flight rules: | Flighttype: S
Aircraft Type : A332 Wake Turbuence Category: H
R/C/N Equip : SXDHPRWY Surveillance Equip: S
Departure Aerodrome : RKSl  Departure Time : 0300

Route : DCTNOPIK G597 AGAVO/K088351 080 G597 DONVO A326
DOXASB3I39 POHHO/K087651060 M520 MODUN/KOB7851 160M520 SERNA
A310UNLLR497 TODES B200 ZJ R22KTLR30 SU B210KR B964 KOLPIR30|
SPB B141 RANVA/NOA7OFA00 UPSE3 KOTAM UL930 LUPUR UME11 ALS
UNB72FFLDCT
Destination Aerodrome : EHAM Total Estimated Elapsed Time: 1114
Alternative Aerodrome : EBEBR  Altemative Aerodrome : LFPG
OtherInformation: EET/ZSHADO30 Z YSHO041 ZBPEODS8 ZMUB0Z215
UIN0316 UNKLDA19 UNEEOA59 UNLLOS06 UNNTO537 USRROS58 USHHOG1 8
USSE0BAS UUYYOD?71 DULKKO743 ULWWO0S05 LILLLD&36 EE TTO908 EVRRD935
ESAA0941 EKDK101 8EDVV1030 EHAA1049 REGAHL7539 SEL/BPRS
RMK/TCAS EQUIPPED E/1239 P/184 R/UV 5/M J/LF D/6 A/BLUE WHITE

(b)
38 6. ICAO ATS HAIX|] Xz
Fig. 6. ICAO ATS message processing
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FEE Y AR T Sy #AEA JH HgF
HTY(FIR : Flight Information Region)l| ] 18 73’Jr
Zo] 49 FE ZRE Yolx 4 AHY 97
FHEE Aegith

SEL AB8Z  3T2449N 1265542E 1
BELMI AB8Z  8T1249N 1265920E 2
0OsN AB8Z  37083IN 1270147E 3
SINSA AB82  365008N 1272062E 4
AKLAS AB8Z  364247N 1272956E 5
VAPKA  AR82Z 362710N 1274909E 6
PATLA  AB82Z 361642N 1280144E 7
TGU AB8Z  354835N 1283527E 8
KALOD  AB8Z  3h3012N 1284626E 9
PSN AB8Z  3807ZIN 1285958E 10
APELA AB8Z  344323N 1291400E 11
INTOS ABB6  372200N 1312000E 1
AGSUS AB86  364521N 1304044E 2
BULGA  A586 3536081 1294924E 3

J8 7. REME Holg 7=
Fig. 7. Route information data structure
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Fig. 8. Configuration of Shortest path computing
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Enter the origin waypoint : AGAUQ
Drigin = AGAUOD

Enter the destination waypoint := PSN
Destination = PSN

PSHILE| = A2 MEXR &3 - 564.077
PSNTLA E dA=z JI=x &2 : 656.265
PENIOLE] E= A2 JMER &2 - 726.304
PESHILE| = A= MEXR =3 - 658.989
PSNTLA E dA=z =R £9 : 634.662
PENOLE] 2= A2 JEXR &2 : s55.411
PSNOIE| = A2 JIER =2 - 655.409

AGAVOCEE> —> GONAUC125> —> ARIVAC1Z6> —>
BOGAN<127> —> BELMIC128> -> OQSN{1@5%> >
BINSA<4) —> AKLASCSY> —> UAPKA<GY >
PATLAC128Y —> TGUCE> -> KALOD<?> ->
PEN{18>

acavo A PsHPDLR 2| EEH Hzl

= 564.877

*F*--H-ﬂ--‘--h
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| ]
S

(b)
T8 10. AGAVOR} PSNAtO|S] A= o4t
Fig. 10. Route calculation from AGAVO to PSN
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galdok 28 119 (h)E (@AY AR AzS
ICAO 5 ZAEE o]&sto] Hoz vehd Aol
t}.

Enter the origin waypoint : TGU
Origin = TGU

Enter the destination waypoint : SEL
Destination : SEL

SELILE B= S JIER 23 1 236.634
SELILE 2= S JtER €9 : 236.634
SELILE 2= S JtER £9 @ 246.764
SELILE 2= 42 Jt=r =9 @ 294.243

TGU{189> -> PATLACY? -> UAPKALe)> -3
AKLASCSY -> SINSAC4> -> OSNC3) -3
BELMI{39> -> SEL{1)

! 236.634

TauiilA SELPMAI EHE A

(a)

(b)
T8 11. TGURF SELAO|S] H= o4t
Fig. 11. Route calculation from TGU to SEL
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o #AFo] wAFSh= AGAVOSIA YR FA| 7
A7 WA= IGRASZIAIY] A= A4k Arjoltt
a9 129 (a)s} 2o] A4 ARE A& F slon,
AGAVOOA IGRASTHAS AR F 7}&A7} 71
Ao AR Ads o, T AR AR ARE
st 18 129 (b= (oMo AR d=E
ICAO EF ZAEE o|&sto] Hog vehd Ao

=3

Enter the origin waypoint : AGAUO
Origin : AGAUO
Enter the destination waypoint :
Destination : IGRAS

IGRAS

IGRAS IR 2= A E It

T £ : w437
IGRASTHE| EE AZ JHER

= "1
=2 : 944,284

AGAVOCERY —> GONAUCI25) -> ANSIMC?@) ->
NOPIK(?1> -> DAPTOC?2> -> SEL(S?Y &
ENKAS(129)> - KARBUCYSY -> JINBUC?6D —>
KAE(33> -> IGRAS(32)

aGavo X 1GRAs IHE| 2|

A A2l

: 784.377

=S

(b)
T8 12. TGURF SELAIO|S] A= 4t
Fig. 12. Route calculation from TGU to SEL
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