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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 well implemented.

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 from the 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 A1 P RY
At DEUS % DIRARER
- — Fa Al -3 &eC AL BREF - d T RP e gL
Rulel: If  the, +too, <thc,+to,
Then Plane 1flytonode Cin[ty., tac,] flytonode Din[te,,, tep ]
Rule2: If  th +At<ty.,
Then Plane 3 flytonode Cin[td.,, ts.,]
Rule3: |If t;c,h < tSBc,h < t}’-\C,I < t?ac,l
Then Plane 3 fly to node Cin [ty +At, t3 ]
Ruled: |If tach <[tich s thc 1] <tacn +At
Then Plane 3flytonode Fin[t3.,  t3: ]
Fants 3k RUIR 2~ 30 P2 T — §ELD P AP 4T
Rule 2.1(3.1) : If tep +At<tS,,
Then Plane3tonode Din [t ,tes ]
Rule 2.2(3.2) : If teon < tepn < teoy <top
Then Plane 3tonode D in [tg, , +At, t3; ]

Rule 2.3(3.3) : If tch,h < [th,h , tgm] < tlCD,h +At

Then GotoRule4
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Fus 3k Ruled FIET - S D FFZ R 4T
Rule 4.1 : If tep, + At<tiy,
Then Plane3tonode Din [t} t3 ]
Rule 4.2 : If t%:D,h < tIS;D,h < t%:D,I < trB:D,l
Then  Plane 3to node D in [tg, , +At, t3; ]
Rule 4.3 : If teon <[tion tin 1 <tepn +At
3

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

Fims — - o Fap 38T - plE e C 2 as(ds 2) 4 2 R 2 4
1% 3 ik i Rule2 p& > 4fs 2 3 8 Jpr1 ™ R

Rule5: |If the T AL<thc
Then  Plane 2 flytonode Cin[ti. . tac,]
Rule 6 : If tE’E’:c,h < t/ZAC,h < tssc,l < tic,l
Then  Plane 2 fly tonode Cin [t} , +At, t5c ]
Rule 7 : If t3Bc,h <[tic,h , ti\C,I] < t:éc,h +At
Then  Plane 2 fly tonode Ein [ti ,, tae ]
FAaugs 2 kg Rule5~6> Pl T - & 8D PF2L P40
Rule 5.1(6.1) : I tep, +At<tgy
Then Plane 2to node D in [t2, , , & ]

Rule 5.2(6.2) : If tcs:D,h < t(ZZD,h <t?:D,| < t(ZZD,I

Then Plane 2to node D in [t3, , +At, t2; ]
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Rule 5.3(6.3) : If teon <[teon : tep 1<ty + At
Then GotoRule?7

FAaugs 2 ikgF Rule7  PIET - & BEPFZ P4
Rule 7.1 : If teo +At<ti, |

Then Plane 2to node D in [tZ,, ,t5; ]
Rule 7.2 : If teo.n < teon < oo, < léo,

Then Plane 2to node D in [tg, , + At, t2, ]
Rule 7.3 : If 2o n <[tion tip 1 <tip, +At

Then  Plane 2 wait on node Auntil t3,, +At<tZ;,

=z — Hm- o Fiap 38T - D &gk C L Sp(das 2)3 4 R 0 ¥ 4
B 3 i 95 Rule 3 p¥ » s 2 3 4 f5 0 T LR

Rule8: If te) T AL<thc,
Then  Plane 2 fly to node Cin [ti., , tac,]
Rule 9 : If tlAc,h +At<t2AC,h <t3éc,| <t3—\C,I
Then  Plane 2 fly to node Cin [t , + 2At, t5. ]
Rule10 : |If tach +At<[thcy , thc 1< tac, + 2At
Then  Plane 2 fly tonode Ein [t5. , , tae ]
it 2 5 Rule 8 0 FliE T — &ELD B2 AP 4T
Rule 8.1 : If oo +At<ts

Then Plane 2tonode D in [t%,, , 55 ,]
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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

F U 2 & i Rule 10 »

Rule 10.1 : If
Then

Rule 10.2 : If
Then

Rule 10.3 : If
Then

3 2 3 2
tCD,h < tCD,h < tCD,I < tCD,I

Plane 2 to node D in [tg, , + At, t2; ]

t?:D,h < [téD, ho t(2:D, 1< t?:D,h + At
Go to Rule 10

[T — 8D P2 ARl

o, +At<ts,

Plane 2 to node D in [t2, , , tp ]

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

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

thD,h +At< [t(ZZD, ho t(ZID, < tlCD,h +2At
Go to Rule 10

FET - §2D 2 RPAeT
o, +At<ts,

Plane 2 to node D in [tZ;, , t2; ]

tepn HAL<tE, , <ti, <ti,

Plane 2 to node D in [te, , + 2At, thy ]
tepn +At<[tios i ]1<tep , + 24t

Plane 2 wait on node A until t, , +2At <t
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Hme — Fhim- > Faus 38 ™ - R e C 2 SuB(ius 2)3 2 PR ¥ 4
# 3 ik Rule 4 p& > 4fs 2 3 B Jp 2™ R

Rule1l: If tho, +At<te,
Then  Plane 2tonode Cin [th:, , tic,]
Rule12 : |If tiD,h <[téD,h , tém] < tiD,h +At
Then  Plane 2 flytonode Ein [t5: , , tae ]
FAans 2 kg Rulell > T T — &BEPF2 P40
Rule11.1: I thp, +AL<tep,

Then Plane 2to node D in [t2, , , & ]

Rule 11.2 : If tiD,h < t(ZZD,h < tr3:D,| < téD,I

Then Plane 2to node D in [t} , +At, t, ]
Rule 11.3 : If tlo n <[tion s tao ] <tip, +At

Then  Plane 2 fly to node E in [t4. , , tic ;1,00 to Rule 12
Rule 11.4 : If tepn +At<thy, <td, <ty

Then  Plane 2 to node D in [tg, , +2At, t5; ]

Rule 11.5 If tepn + At <[tes ,  too ] <teon + 2At
Then  Plane 2 fly to node E in [t4. , , tic ;1,00 to Rule 12
FHAB 2R Rule 12 FIET - R 40T

Rule 12.1 : If o +At<tZ,

Then Plane 2to node D in [tZ,, ,tsp ]
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Rule 12.2 : If tfiD,h < téD,h < tliD,I < tED,I

Then  Plane 2to node D in [t} , +At, t, ]
Rule 12.3 : If tiD,h <[tED,h vtém] < tiD,h +AL
Then  Plane 2 wait on node Auntil t¥,, +At<tZ,,

FmT — R SRz AR o AU 2 8T - T 58 C 2 s (St
A)A 2 HER > 2 s 2 i Rule 5 pF > i 4 F B R RR]

Rule13: If thc) TAL<t5c
Then  Plane 4 fly tonode Cin [t , tac,]
Rule 14 : If tacn < tacn <Tac) <toe,
Then  Plane 4 fly tonode Cin [ti. , +At, tg. ]
Rule15: |If thcn <[tacn» tac ] <tic, +At
Then  Plane 4 fly tonode Fin [tg , , ta, ]
it 4k RUle 13~ 14 5 Pl T — 8D P2 RP4eT
Rule 13.1(14.1) :  If tep) +At<tés,
Then Plane4tonode Din[tey ey, ]
Rule 13.2(14.2) : I teo,n <teon <tops <oy
Then Plane4tonode Din[tZ,, +At,te,,]

Rule 13.3(14.3) :  If t2on <[téon s tep ] <thpn +At

Then Go to Rule 15
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Foup 4k Rule 15 BIET - § B2 40T

Rule 15.1 : If tep, +At<tiy,
Then  Plane4tonode Din[ts,, ,tip ]
Rule 15.2 : If teo.n < tion <tep <tip,
Then  Plane 4 tonode Din [t%,, +At, tiy ]
Rule 15.3 : If teo.n <[trpn » tig ] < tep p + At
Then  Plane 4 wait on node B until t%,, +At<tyy,
B — FHRs R AR o s 2 8T - )i 8 C 2 sl (huh

4)& 2 R 0 E Sds 2 5 Rule 6 pF 0 S 4 %’?iﬁ%ﬁﬁ,"l'f%m :

Rule 16 : If

Then
Rule1l7 : |If

Then
Rule18 : |If

Then

the, T At<t

4
BC,h

Plane 4 fly to node C in [tgc , , tac ]

tacn +2At <tgc |, <thc, <tae,

Plane 4 fly to node C in [ty , +3At, tg.,]
tach +2At <[tac s tac ] <tacn +3At

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

FAags 4 ki Rule 16 » 3132 T - & 2D pF2 P[4oT !

Rule 16.1 : If
Then

Rule 16.2 : If
Then

2
tep, + At <tgy

Plane 4 to node D in [tf; ,,, t&o ]

4

2 2 4
teon <tepn <tep) <tep

Plane 4 to node D in [tZ, , +At, tép ]
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Rule 16.3 : If t(ZZD,h <[téD,h , t?:D,I] < t(ZZD,h + At
Then Go to Rule 18

St 4 g5 RUle 17 » $1id ¥ — &8 D prz RP4eT
Rule 17.1 : If ti, +At<tep,

Then  Plane4tonode Din [tg,, ,tep ]
Rule17.2:  If tep,n + 28t <tépy <tep <tép,

Then  Plane 4 tonode D in [tey , +3At, gy, ]

Rule 17.3 : If teon + 20t <[tep tep ] <tepn +3At
Then Gotorule 18

it 4 i g5 RUle 18 » Bl T — & BRPE 2 P 4eT
Rule18.1:  If tep +AL<tip,
Then Plane4tonode Din[ts,, .t ]
Rule 18.2 : If tepn +2At<thy , <tiy <tgp,
Then  Plane 4 tonode D in [tey , +3At, te ]
Rule 18.3 : If tepn +2At <[th,  , tip 1 <tep n +3At
Then  Plane 4 wait on node B until t;, +3At<ty,,

Frm=s — R SRz AR o AU 2 82T - FiE 58 C 2 s (St
A2 HER > 2 P 2k Rule 7 pE > i 4 F B R RR

Rule19: If te,, +At<tep,

Then  Plane 4 to node Cin [tge , , tae,]
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Rule 20 : If

Then

tED,h < [téD,h ’ t4co,|] < téD,h + At

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

Figs 4 05 Rule 19 » B3 — & BRpE 2 RA4eT

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

tey At <ty ,

Plane 4 to node D in [t¢;, , , tep ]

téD,h < téD,h < tED,I <t?:D,I

Plane 4 to node D in [tZ, , +At, tép, ]

teon <[teon » tep] <tepy + At

Plane 4 fly to node F in [tg , , tge 1, go to Rule 20
tepn +2At<tep , <tip, <tép,

Plane 4 to node D in [te, , +3At, tep ]

teon + 20t <[tep tep ] <tepn +3At

Plane 4 fly to node F in [tg , , tge 1, go to Rule 20

Fis 4 05 Rule 20 » 32T — &8k 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 [tf, , , thp ]
téD,h < tiD,h < tED,I < téD,I

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

téD,h < [tiD,h ) tém] < tED,h + At
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Then  Plane 4 wait on node B until tZ,, +At<t},,
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