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Construction of Civil Aircraft Trajectory Evolution General
Model Based on Differential Petri-Net

Han Yunxiang » Tang Xinmin, Han Songchen ., Zhang Ming
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Abstract: To resolve the problem of future airspace management under the condition of great traffic
flow, high density, and small separation, a modular evolution model is built during the process of air-
craft trajectory strategic planning. A state switch macroscopic Petri-net evolution model and three mi-
crocosmic Petri-net evolution models accompanied with the continuous change of aircraft speed and
height in the same segment based on the aerodynamics models are presented. According to the different
forms of aircraft characteristic parameter conversion and the hybrid evolution characteristics, four evolu-
tion models using differential Petri-net theory and three evolution modes using the combination of vari-
ous evolution models are defined. The 4-D trajectory evolution graphs with aircraft performance con-
straints can be obtained by setting 10 flight segments and 15 defaults of height and speed. Theoretical a-
nalysis and simulation results demonstrate that the proposed models can enhance the versatility of trajec-
tory prediction model and reflect the aircraft horizontal and vertical trajectory profiles precisely.
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Fig. 1 Layout of waypoints
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Fig. 3 State evolution model of aircraft

tll p13 t13 pM

1.2 WEEs

fi 7S 2% DA — i B &% B 21 J5 — it B 4 2% W ik
TR 2 S I8 o T 0 25 0 A B — U B A IR 285 3 ok
T2 B2 11 . L B 28 SR AE & L B W AEFE 2 Rz
TR T - TR =FMAGSE. BT
FE SC 1R A8 T B AL Sk ST ) R e M T M e
)R EWETE S A s AT RS AT AR
TR B — i B N B S B s AT RS D) 4 X —
AL BE N AL 2 45 1032 AT RS HEA T 30E— 25 1 4l 43 . 7T L
B 4 3R =8 Z R R KPR po ) pr
AR 25 AN T X 22 R 25 8 7RI BE N I 2 R 17
ARAS 078 2875 5 — fO0 B P AR A WAk o A 1 B =4k
XN,



324 Mo oM o= M

5546

P ty y40

P4 iz RS A 2 M- UL G &R

Fig. 4  Macroscopic-microscopic relation of aircraft
state evolution
E)‘(Z %}(PetrilX—X]Psz(Pg,qung

Wy M,y Jo) S B — i B N B i 25 a8 IR 28 i 7 A
B Py = por s pos s oee s pon ) RARAEZS BT 25 4%
KITIREE T = {10 o tas s+ o 1o, ) T AE A I KAT
REFT k. P.NT, =D, F, = (P, XT,) U
(T, X Py) A 1) JIHE B m il 25 a 45 IR 2 1) 5%
BT KR W, F, >N FRoRA ] 91 B R
M, : P, >N FIRWIIG RS AR B 0% 2w i =5
B ATIR S C T RRTR RS . T, T, —>
Co(Cy={H=h,;,V=1u,}) NET R REME
B o TEHENL T LA A5 T B ] AL Be R 28 4 B 1
RUJG T T A B RS T A f 7R BT N s 171
B, HORASFE R A R 5.6 Fiw, o h FoRE
Ji L O 275 55 o Ji ) VAR G I 1) 67 AR

H
O'(i+4
I (i+4)
01(i+2) »
) O e
0@#3) "
R oy
hy -
0G) .-
o = X

5 T AT A S A R AR AL

Fig.5 State evolution of aircraft in vertical profile

K6 s ar €T/ T e f o i

Fig. 6 Decomposition of aircraft climb/descent
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Tab.1 Parameters of flight waypoints and voyage

P WiE/EMA SRE/C) HE/C) iR/ km

1 CTU 103. 94 30. 58 0
2 D3. 0CTU 103. 99 30.61 5.56
3 OMGUS 104.13 30. 64 16. 50
4 JTG 104. 39 30. 87 36.00
5 VENON 104. 70 31.07 37.04
6 SUBUL 106. 71 32.33 235. 20
7 NSH 108. 31 33.32 185. 20
8 zS 108. 86 34.22 112. 00
9 FNH 108. 63 34.56 42.00
10 D11.3FNH 108. 59 34.42 20. 90
11 ZLXY 108. 75 34.45 18.70
xR2 EXTHAEIHEREREZGES
Tab. 2 Collection of transition firing completion of full
flight profile
) L
B9 Tk WIS B/ MMEBRZAL o
m  (kmeh™ ') BEE/(kmeh ) T
1 0 0 259.28 ¢
2 5.56 600.00  259.28 268. 54 g/ q
3 16.50 900.00 268. 54 305. 58 @/q
4 36.00 1200.00 305.58 361. 14 @/
5 37.04 1500.00 361.14 398.18 @/ q
6 235.201 800.00 398.18 463. 00 @/ q
7 185.20 3 000.00 463.00 574.12 @/ q
8§ 112.009 500.00 574.12 e
9 42,00 5100.00 574,12 555. 60 Qi /g
10 20.90 3 000.00  555.60 463. 00 qi/qs
11 18.70 2 100.00 463.00 388.92 q1/qs
12 1 800.00  388.92 Q>
13 1 200.00 388.92 351. 88 q:/qs
14 900. 00 351. 88 333. 36 q1/ s
15 0 333. 36 Qs
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Fig. 14 Evolution model of aircraft altitude
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