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Aircraft Trajectory-Based Flow Management

Student : Yu-Han Chang Advisor : Dr. Jinn-Tsai Wong

Institute of Traffic and Transportation

National Chiao Tung University

ABSTRACT

The increasing demand of civil aviation has resulted in air traffic congestion in
the limited airspace. As a consequence, it causes problems in air traffic control. To
effectively improve the airspace congestion and flight delay, segregation based on
aircraft position and speed certainly is preferred to that of route-based, if the flexible
routes based on the aircraft trajectories could be planned in limited airspace, and the
flow management concept could be wellsimplemented.

Based on aircraft trajectories; this research within Taipei Terminal Control Area
build up the flow management. C|++ Builder.5 computer language was used to
structure a simulation model to simulate the flexible routes which was planned for
flight arrival. With parameters calculated framthe /ATC radar data, the model applies
the first come first serve rule under the aircraft'separate constraint and shortest path
principle.

The simulate results showed that, with current air traffic, performance of the
flying distance and time under the flexible-route was reduced by 8.5% and 12.1%
respectively, when it was compared to that of the existing condition. In the case of
20% air traffic increase, in addition to the flying distance and time reduced by 5.9%
and 8.5% respectively, the flight holding time was also reduced 30%. This suggests
that with the flexible routes, flights can be more smoothly operated. Controller’s load
could be reduced, and pilots can also approach and land aircrafts efficiently in
accordance with the guided routes.

Key words : air traffic management, flow management.
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th, D kd &R D &k j o i (low speed) 3 iE AT P RY
At DEUS % DIRARER
- — Fa Al -3 &eC AL BREF - d T RP e gL
Rulel: If  the, +tp, <tie,+tion
Then Plane 1flytonode Cin[t,., tac ], flytonode Din[tey, ,tep ]
Rule2: If  tho, +At<ty.,
Then Plane 3flytonode Cin[t3.,, t3:,]
Rule3: |If tic,h < t:éc,h < tic,l < tgéc,l
Then Plane 3 fly to node Cin [thcpet At, t3¢ ]
Ruled: |If tacn <[tic,stogil < tac, At
Then Plane 3 fly to node Fint3;,  t3 ]
it 3k RUIR 2~ 30 PliE T — 2D P AP 4T
Rule 2.1(3.1) : I tep) + A<t
Then Plane3tonode Din [tg,, .t ]
Rule 2.2(3.2) : If teon < topn < teon <top,
Then Plane 3tonode D in [te, , +At, t3; ]

Rule 2.3(3.3) : If t%:D,h < [t?:D,h , tgm] < tlCD,h +At

Then GotoRule4
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Fup 3k Ruled FIET - S D FFZ R 4T
Rule 4.1 : If tep, + At<tiy,
Then Plane3tonode Din [t} , ti ]
Rule 4.2 : If t%:D,h < tls;D,h <tlCD,l < trz:D,l
Then  Plane 3to node D in [tg, , +At, t3; ]
Rule 4.3 : If teon <[tion  to ] <tep, +At
3

Then  Plane 3 wait on node B until tg,, +At<ty,,

B — R o F s 38T - B E B C 2 s (Rl 2R 4 R 0 T i
3 ik 7 Rule2 & - i 2 % 3 5 72 7 LR ¢

Rule5: |If the +At<Iac
Then  Plane 2 fly tonode Cin [th. , itac ]
Rule 6 : If teéc,h < tic,h < t%c,| < tic,l
Then  Plane 2 fly tonode Cin [t} , +At, t5. ]
Rule 7 : If t3Esc,h <[tic,h , tic,|] < taéc,h +At
Then  Plane 2 fly tonode E in [t5 , , tae ]
Fhaugs 2 kg Rule5~6> Pl T - & 8D PF2L P40
Rule 5.1(6.1) : I tep +AL<tg
Then Plane 2tonode D in [tZ,, ,t5 ]

Rule 5.2(6.2) : If t:éD,h < téD,h < th,l < téD,l

Then Plane 2tonode D in [t3, , +At, t2; ]
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Rule 5.3(6.3) : If teon <[tep.n » top 1< tep p + At
Then GotoRule?7

FAgs 2 ik Rule7  PIET - & BEPFZ P4
Rule 7.1 : If oo +At<tZ

Then Plane 2tonode D in [tZ,, , 5]
Rule 7.2 : If teo.n < teon < teo, < téo,

Then Plane 2to node D in [t , + At, t2, ]
Rule 7.3 : If teon <[tion  tip 1< tey , + At

Then  Plane 2 wait on node Auntil t%,, +At<tZ,

Bz — FFm- o p 38 T R Hel C s (Gl A 4 R P s
# 3 i %5 Rule 3 p&o gl 2 %ﬁ%}ﬁu‘f#ﬁﬂ :

Rule 8 : If t3éc,| +At<tf\c,h
Then  Plane 2 flytonode Cin[ti.,, tac,]
Rule9: If taen +AL<Tac y <lac) <tacy
Then  Plane 2 fly tonode Cin [t , + 2At, t5. ]
Rule10 : |If tach +At<[tac ., thc ] <thcn +2At
Then  Plane 2 flytonode Ein [t5. ,, tae ]
i 2 25 Rule 8 FliE ™ — & 2L D P2 RR4eT
Rule 8.1 : If oo +At<tsy,

Then  Plane 2 to node D in [t%; 5]
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Rule 8.2 : If
Then

Rule 8.3 : If
Then

F s 2 i 5 Rule9: 1

Rule 9.1 : If
Then

Rule 9.2 : If
Then

Rule 9.3 : If
Then

g 2 i 95 Rule 10 »

Rule 10.1 : If
Then

Rule 10.2 : If
Then

Rule 10.3 : If
Then

tepn <tepn <tep) <tep,
Plane 2 to node D in [tg, , + At, t&; ]

t?:D,h < [t(ZZD,h ) t(ZID,I] < t?:D,h + At
Go to Rule 10

JT — 8D Pz ARl

o, +At<tS,

Plane 2 to node D in [tg,, , t5 ]

tepn HAL<tS,, <td,, <ti,

Plane 2 to node D in [te, ,, + 2At, tey ]

thD,h +AL< [téD,h ) tém] < tlcu h +2At
Go to Rule 10

FlE T ERD 2 AT
o, +At<ts,

Plane 2 to node D in [tZ;, , t5, ]

tepn HAL<tZ, , <ti,, <ti,

Plane 2 to node D in [te, ,, + 2At, t7; ]

tlco,h +At< [téD,h , tém] < t%:D,h +2At

Plane 2 wait on node Auntil tg, , + 2At<tZ,
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Frime — FHR- > pous 38T - Pl g C 2 bl (bl 24 4 PR > 0
1% 3 i 9 Rule 4 % » Sl 2 F 38 500 T LR

Rule1l: If tho, +AL<te,
Then  Plane 2tonode Cin [thc, , tac,]
Rule12 : |If tiD,h < [téD,h ) t(ZZD,I] < tiD,h +At
Then  Plane 2 flytonode Ein [t5c ,, tae ]
FAags 2 kg Rulell » FIET — &BEPF2 P 4eT
Rule11.1:  If thp, +AL<tep,

Then Plane2tonode Din[t2; ,,t5 ]

Rule 11.2 : If t;3:|3,h < téD,h 4 t|3;D,| % t(2:D,I
Then Plane2tonade D in [t , +At, 2, ]
Rule 11.3 : If tiD,h <[t(2:D,h ’téD,l] * tiD,h + At

Then  Plane 2 fly to node E in [t4. , , t3c ;1,00 to Rule 12

Rule 11.4 : If tlCD,h +At< téD,h < tvzrD,l < t<2:D,|
Then  Plane 2to node D in [tg, , +2At, tZ, ]

Rule 11.5 If tepn +AL<[téoh  tho ] <teon +2At

Then  Plane 2 fly to node E in [t4. , , tic ;1,00 to Rule 12
FHAB 2R Rule 12 FIET - B2 40T
2

Rule 12.1 : If o +At<tZ, |

Then Plane2tonode Din[t%,,,t% ]
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Rule12.2:  If ton < teo,n <lio, < oo,
Then Plane 2to node D in [t} , +At, tZ, ]
Rule 12.3 : If tion <[tipn tep ] <tip , +At
Then  Plane 2 wait on node Auntil t¥,, +At<tZ,,

Frimd — Fms R Z AR o FEE 28T - TSR C 2 S (s
A2 HER > 2 s 2 i Rule 5 pF > i 4 F B T RR

Rule13: If thc +At<tge,
Then  Plane 4 fly tonode Cin [tac, , tac,]
Rule14: If tacn <tacn <tac: <lac,
Then  Plane 4 fly-to node € in[th. o+ At, toc ]
Rule15: |If thcn <[taoh » tee d<thcy + At
Then  Plane 4 fly to'node Fin [ty , ta: ]
Fagh 4 5 Rule 13~ 14 > Pl T — $ 8L D 2 4T
Rule 13.1(14.1) :  If tep) +At<tes,
Then Plane4tonode Din[tey,,, tep,]
Rule 13.2(14.2) : If to.n <teon <l <o,
Then Plane4tonode Din[tZ,, +At,tS, ]

Rule 13.3(14.3) : If t(z:D,h < [t4cD,h , t4co,|] < t(ZZD,h +At

Then Go to Rule 15
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Fous 4k E Rule 15 FIET - B2 40T

Rule 15.1 : If tep +At<tiy,
Then  Plane4tonode Din [ty ,tp,]
Rule 15.2 : If to.n < tion <tep <tip,
Then  Plane4tonode Din [t%,, +At, tiy ]
Rule 15.3 : If tepn <[tion s ths ] <tep, +At
Then  Plane 4 wait on node B until t2,, +At<tyy,
B — RS SRz AR o F a2 8T - 1 &8k C 2 S (St

4)& 2 R 0 E Angs 2 i Rule 6 5 - £l 4 %iﬁ%fﬁ,"l'f%ﬁl'] :

Rule16 : |If
Then

Rulel7 : |If
Then

Rule18 : |If
Then

thc, + At <tge ,

Plane 4 fly to-node Cin [t5. . tac ]

tacn + 20t <ige, <thc, <tac,

Plane 4 fly to node C in [ty , +3At, tg,]
tach +2At<[tac p tae ] <tac, +3At

Plane 4 fly to node Fin [t5. , , tg ]

FAnds 4 ki Rule 16 » 3132 ™ - & 2D pF2 P[4oT !

Rule 16.1 : If
Then

Rule 16.2 : If
Then

2
tep, + At <ty

Plane 4 to node D in [ty , , tép ]

4

2 2 4
tepn <tepn <tep <tep

Plane 4 to node D in [tZ, , + At, tep ]
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Rule 16.3 : If t(ZZD,h <[t?:D,h ’téD,I] < t<2:D,h +At
Then Go to Rule 18

Fhug 4 R Rulel7  FIET - D2 QP AeT
Rule 17.1 : If ti, +At<tep,

Then Plane4tonode Din[tey, , tep ]
Rule17.2:  If tep,n + 20t <ty <tep <tép,

Then  Plane4tonode Din [ty +3At, te, ]

Rule 17.3 : If tep n + 20t <[tes 1 tep ] <tep n +3At
Then Gotorule 18

F A 4 ik f Rule 18 » FliEin = & BEEEZ R4 ¢
Rule18.1:  If tp +At<tip
Then  Plane4tonode Din{ts,, ,t5, ]
Rule 18.2 : If tepn +2At<thp, <tip, <tep,
Then  Plane 4 tonode D in [te, , +3At, t ]
Rule 18.3 : If tepn +2At <[th,  , tip 1 <tep n +3At
Then  Plane 4 wait on node B until tg,, +3At<tgy,

B — R SRz AR o AU 2 8T - FiE 58 C o2 s (St
A HER > 2 B 2k Rule 7 pF o il 4 F B R RR]

Rule19 : If tio, +At<te,

Then  Plane 4 tonode Cin [tge , , tae,]
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Rule20 : If

Then

téD,h < [t?:D,h ) t4CD, 1< téD,h +At

Plane 4 fly to node F in [tg. , , tge ]

St 4 05 Rule 19 » B3 — & BRpE 2 RR4eT

Rule 19.1 :

Rule 19.2 :

Rule 19.3 :

Rule 19.4 :

Rule 19.5 :

If

Then

If

Then

If

Then

If

Then

If

Then

te, +At<téy

Plane 4 to node D in [tg, , , teo (]

téD,h < t?:D,h < tED,I < t?:D,I

Plane 4 to node D in [tZ, , +At, t¢p, ]

teon <[teon teo ] <tepy +AL

Planei4 fly tonode F in [tg , , tge ], go to Rule 20
teon +2At<tlp , <tip | <tio,

Plane*4to node D.inte, , +3At, tey ]

tepn + 20t <[tes 1 tep 1 <tep n +3At

Plane 4 fly to node F in [tg , , tg: ], go to Rule 20

Fis 4 05 Rule 20 » 13T — § Bk D P2 RR4eT

Rule 20.1 :

Rule 20.2 :

Rule 20.3 :

If

Then

If

Then

If

téD,I +At<téD,h

Plane 4 to node D in [tg; , , tes ]
téD,h < téD,h <tED,I <t|‘iD,I

Plane 4 to node D in [t2, , +At, ti ]

téD,h < [tiD,h ’ téD, 1< téD,h +At
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Then  Plane 4 wait on node B until tZ,, + At <t}

4.3 1 2 e R HORHCD

A3 1% C++ Builder 5 p (738 fififzst > 2 4147 B 10 5 =5
fe & 4.2 & ¢ 212 B WP > Bl 2 EME R R BT o 10T i d B BIEP HR
WAz BIEEA

431 BB 2 HPELA

B Formi REX)
M 1 2 3 4 A-C
Femr® W/h | | | | €-D NN
. A-F
HAREBAERH (&) | ! | I E-D
‘ C
F. E

start| Reset .
Start->(] Clear AirPort

B 11 3 v s g 2 fdR i)

SHE > FHPF A RAY

(w,

Bllld o dfpms 57 f f7ecs

ETAS

i ’&
1 DS 2 X DR c E G ) e

1 2 3 4
2. A#MeEEE NM/h | | | | Dw 2 s (S 1
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4.3.2 FERHCT ol

o=
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30 mEEHAFT AL
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B.A2 gl 2 R B T
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= 5 1 A-C B
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b
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F 9o M A3 S N to B L HELER Y 2R
BT F AR F - 5 TR PR GERETET RS FHETRY &
W2 :F‘x’ff'§ B G R R R AT o Bk s 1 1 i B o A S
R E T H S PR A 2 42098 B 152 Bk 5 B 2 2R ] B 40 20%:8 £ 2
SUB TN PR FER T 2RSSR Y e PR A ) SR B
%k E AT 0 iR B B2 E

FRAGAIFE - S FEFTH TR FTRRGERAPM S8 - 5
ﬁllﬂ%?a‘:i’ 2%%#’%%” FAldp T ® Sl Bg E RS EHIE TR RE
HOEFE 1S 0 TF S R~ AL

5.1.1 F i R

‘gk
; v

LBy p B 5 4 i
Automated Radar Terminal System)#rzk 3 7 = Bgd i Auls
R R T L o R
RV ISR %\ﬂmj,w SR 1 AT IR B i T
Rl s L B TR BT a1tk end gl f
FUp P Sl T BYED LG L i KRG LT Fif’* ¥ bR
B podo it kS AU SR BT R LB E R e BT £ BT
B S E o R - T R P Bt B 1%“']‘ E B A -

+

o
s
Y% T
ou ‘?,\

# R %%ﬁvvrébi‘? EIHEF IR X0 TR A BT
LF e ER Y o NPT RT B?m“rp A NEFE
# o

BN FE2 2360 R REHETA L 0 - BIFRFE S0 Flt Ao B
ApE . 45k b—buﬂfF'“(STTIME)a—J%\”# B E LI Wy R
- FET R oA Fau B2 4piTA £k b ;ﬁ"'mﬂw} ° - X 24
Tk BRI VERF LU ’-élr'rl 16 o iF * S p oo vk 22
TR e Bl Jﬁﬂi%*" (SDRC, System Data Recording Control) > ¥ j » 45 #

)\ N
MREBA R B 2 T SRR R Rz p}\ﬁﬁk,é,z»éi*g;ojxfﬁ:i
g Tk fuﬁiﬁﬁ?ﬁﬂﬁaﬁ (System Tracking Data Format) ; » - 7| &
- s FFEP AL T A o
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ST @ TIHME ACID-ACDF RBC ADF RSX/SSX RSY/SSY ¥DOT YDOT SPD HDG LF APTCA APTLA W  EALT  SALT ACC 2DOT AFT T HL
a0:00:00. 865 -B007 6681 8812 425.19 A422.68 +8 +8 8161 37 4 4 377 +50008 +50000 +8  +@ 12H 1
425,19 422,68
a0:00:00.323 -B@54 4352 BOBR L442.63 331.81 -188 -369 383 195 37 4 4 327 +20008 +20000 +8  +0 B6H 2
L4269 331.04
40:080:081.000 THABAG -0238 8335 B185 415.30 41310 -220 +02 247 202 37 3 3 377 +3088 +4022 +B -16 12ZH R 1
415,16 413.03
a0:0808:081.194 -B180 4363 8836 373.74 343.99 -B0 155 170 289 37 4 L] 377 +4188  +4182 +8  +0 BuH 1
373.73 343.97
80:00:01.323 -8217 2643 0014 352,95 2BL.B3 -69  -4GB  L63 188 37 4 L} 377 +4,0000 +L0008 +B  +0 12H 2
352.99 2B5.8%
80:00:01.455 UIAGE1 -0007 4366 BO31 435.27 M6.04 +77 #1087 132 35 27 3 3 377 +4700 +4B5H +B +1B O3M L 1
435.38 L416.84
Bl 16 @ 7%~ IR T LR
TR dm : [32]
27 TEFTREP - T
1 i S
STTIME Time of extraction (GMT)
' WL B2 RIS S o RARR ISR o
Aircraft ID — ACDF number
ACID-SCDF | #* & & &7/ 2. %ret 55 (Aircraft ID) % %4 B2 vi— o 7§
#icF 5L (ACDF number) &S5 2 =2 &8 -
Reported Beacon Code
RBC PO F gz s B kg ek B (Transponder) #1isE e 5
BeF REL o
*
Reported System X-Coordinate (Nautical Mile)
RSX FEvHF, L ez Ay BRI RS2 XE >
Hisino
*
Reported System Y-Coordinate (Nautical Mile)
RSY THwFS S e b sy B SR R RS 2 Y dhiE
Hi LR o
*
XDOT System Velocity X-Component (Knot)
g E - by B2 Xphw R 0 H iz in/pF (5) -
YDOT System Velocity Y-Component (Knot)
AEE - Sy B2 Yihw i R H 25 2/pF (8) o
SPD System Speed (Knot)
G E - by B2 kT (X-Y) @A H AR/ (%) o
HDG System Heading (Degree)
GBS T b R BRiES e 360 RG] HiZ LR
*
Conflict Alert Area Type
APTCA _ SR e o
1~2 2 7 3417 0 3 £ 7 T3 5 0 4 & o1 SR
APTLA Conflict Alert Area Type
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12 2 7 B3T3 4 7 08 5 0 4 4 7 ds
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EALT GALESE F 2 s Bw R R R EBR R 5 HE 52 3R
bk Him i o

System Altitude (ft)

SALT AR S B dE R RE o Him i o

ACC Altitude Acceleration (ft/sec/sec)
g E 2 T e R T RAT R K TR R o

Altitude VeIOC|ty (ft/sec)

ZDOT l«LLa k2 4 7\ 3‘;$TQJ/T K§_‘$ y B L_Pp\/f,l/. o
*
Lateral Turn Indicator
T LR A e g2 Sy RS HFHF L 2T ()T (RS
g, o
*

¥Rt e AT RE AN 0 2 FE
TR %R ¢ [32]
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