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Abstract

The intelligent aircraft route planning problem is a three-dimensional planning problem which is
large-scale, multi-objective and multi-constraint. Such problems can be attributed to the path
planning problem, which requires shorter paths to reach the destination in a shorter time while
satisfying the corresponding conditions. This paper transforms the constraints of the track into
practical problems, and through the improved A* algorithm, establishes two algorithm models
that conform to the flight route planning of the aircraft. By comparing the two schemes, in two
cases, the algorithm program can obtain the track planning result table and path map. The validity
and complexity show that the proposed algorithm is very effective.

Keywords

Route Planning, Multiple Constraints, Improved A* Algorithm, Time and Space Complexity

— R E A BRI TR AL X i8] _E

WER, REH, KRA, AT
PERHA MR K 5 B B, L5 YL

Email: juhesun@163.com

Woks Hi: 20194F10H29H; FHEM: 20194F11H14H; KA HI: 2019411 H21H

R

B R AT SHUL AR R — N KVERE L B RS AR =4 MR HE, XK A CAHJE TE 2R
FE, R AR R A I ] e SR AR B AE O B 1] P DABE R BR AR Z0 B 3. A SCIERUZ B SRR A AL
BBy RS, EEXAER RS, BERS TSR PR SRR B T R

CEGIF: AR, R, KRN, . B EETT R A8 AT ST RUR R ). RS E, 2019,
8(11): 1783-1794. DOI: 10.12677/aam.2019.811208


http://www.hanspub.org/journal/aam
https://doi.org/10.12677/aam.2019.811208
https://doi.org/10.12677/aam.2019.811208
http://www.hanspub.org

YR 5%

KItLE, FERMREOLT, FEEFLBINTMRERRNBEE, HENERENRREITER
R, SHERBREERTIHEHN.

XK ia
MR, AN, SERAEE, BEERE

Copyright © 2019 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 5l

BAE AT IS KATHRAE 10 2 LSBT I ORI B A, R 90 8 B R AT S84 i — A S 2
. (B T RS B P AR R, X AT R E LR GG, ot ] AT R R A AT
AR R B R AR, SR AR RSO IR RS R T LAAE AT AR o R AT,
RS AT RO ch— IR IR ], A SO S0 Al AT SR 1E R G e R FEE IR AR P A B
B, R AR R S R e, e 1 2 B ZE AT B2 R FE Y, (IR 45 (IR 52

B CATHRIO R SN A £, B B . HAUBL I F.

(1) ®ATH7E 20 AT I AR e A B S s i, e iR 5 A TR LR ZERUK PR 25 . AT 398 (AT
Im, TEELEZEHKTARZZ RN & A G F AL, LR RIFRAL. Bk SN T 5 22 R OF 5 22 1
AT @B, FEE A, A T B RUK AR N T O AN AR, AT R A s 1R
R % AT

(2) AT ERTE RAT AR R S AR AT IE . AT (X 4 P 7R 7E — e 22 A B (B2 AR IE £5) 7]
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R IEJEHIK TR 2 pre_h FIHE EH 1R % pre_v fF ARSI, UL pre_h Al pre_v AyBEhtiN b Apre 2| A g™
AR ZE IR EHIT ROR 2 hy v, KSR SIS RR, ARiCE 4k SN MRl s, # Stepl;
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Figure 1. 1 (data 1) track route map
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Figure 2. 1 (data 2) track route map
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Step3: iHitHHFT R BIAFIAES AR ZE, EICRZEE T, BIRAEESE A Bl AT A

Step4: i1 1H5H Bi 2 I AFAE WIS, CRARAE FAIIN IR & P
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Figure 3. 2 (data 1) track route map
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Table 1. Final track route 1
WizE A

F 1. RERITKRE—
s 1 ['A, 503", 200", '136', '80', '237', 278", '375", '172', 340, 277", '501", 'B']
K 2 ['A'140', '150', '114", 234", '222', 230", 225", '255", '123', '45','160', '92', '93', '61', '292', 'B']
1789 IR Esid
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Table 2. Track planning results Table 1: Data 1
2. UBMXIGERET—: BIE 1

B IE S FIERTEE R E FrERTK TR E e IE p A
0 0 0 R A A
140 5.6558 5.6558 fH
150 6.7568 12.4126 K
114 15.52 8.7632 TH
234 45312 13.2944 K
222 11.8136 7.2823 HH
230 11.16 18.4422 KT
225 14.9956 3.8358 EH
255 7.4652 11.3009 K
123 15.9366 8.4714 ®H
45 10.0062 18.4776 K
160 17.4913 7.4851 ®H
92 5.7762 13.2613 K
93 15.2609 9.4847 M
61 9.8342 19.3189 K
292 16.3881 6.5539 G
326 6.9605 13.5144 %M B

Table 3. Track planning results Table 1: Data 2
3. UBMXIGERET—: BIE2

KIE S5 KIEHT EE R % KIERTK TR E WEIE gAY
0 0 0 HEAA
503 13.3879 13.3879 fH
200 0.8651 14.253 K
136 14.2711 13.4061 HH
80 4.2867 17.6928 K
237 8.9145 4.6277 EH
278 17.9422 22.57 K
375 23.4841 5.5418 EH
172 15.4964 21.0382 KF
340 21.6449 6.1485 fH
277 12.0024 18.1509 K
501 20.1663 8.164 ®H
612 8.49 16.654 %M B

Table 4. Comparison of Algorithms 1 and 2 on Data 1 and 2
Fd. HA L2 ELRSE 102 ERRTEE

=T VeI RS KIE SR () Rz CK)
Bkl 1 31 169641
Hk2 1 11 110358
ikl 2 31 1680639
A7) 2 15 850848
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Table 5. Final track route 2
5. mAMTEET

Hde fLdr A
Hoi 1 ['A','503', 2001, '136', '80', 237, 278", '375', '172', 340, 277, 'S01", 'B']
Hoii 2 ['A'/140','150, '114', 234", 222", 230, '225', 255, '123', '45', '160', '92', '93', 61", 292, 'B']

Table 6. Track planning results Table 2: Data 1
6. FUTMXIZERT=: HiE1

KIE S5 Dl =E AR KIEJE KPR % WEIE p A
0 0 0 R A A
503 0 13.3879 Bi3E
200 0.8651 0 K
136 0 13.4061 HH
80 4.2867 0 K
237 0 4.6277 EH
278 17.9422 0 K
375 0 5.5418 EEN
172 15.4964 0 K
340 0 6.1485 ®H
277 12.0024 0 K
501 0 8.164 TH
612 0 0 %M B

Table 7. Track planning results Table 2: Data 2
=7 AUEMRIGSERET = BiRE2

e IE ridn s W IE G R % HrIEJE KR 2 e IE piZkAl
0 0 0 HEAA
140 0 5.6558 Bi3E
150 6.7568 0 KF
114 0 8.7632 HH
234 45312 0 KF
222 0 7.2823 BI3E
230 11.1599 0 K
225 0 3.8358 EEN
255 7.4652 0 KF
123 0 8.4714 fH
45 10.0062 0 KF
160 0 7.4851 HEH
92 5.7762 0 K
175 0 8.3641 M
279 9.6878 0 KF
301 0 49531 TH
61 12.3271 0 KF
292 0 6.5539 HEH
326 0 0 %M B
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Table 8. Track planning results Table 3: Data 1 and Data 2
= 8. AUEMKIGERFR= B | FBuE 2

K 1 K 2
pEsms  JEE IR gEmsen mEams SR FER
0 0 0 WS A 0 0 0 HEAA

503 5 13.3879 fH 157 0 9.4768 EH
200 5.8651 5 KF 169 3.7014 0 K
354 5 723 FH 322 0 4.1481 EH
80 19.8381 5 KF 252 3.8718 0 K
237 5 9.6277 FH 266 0 7.9939 EH
282 18.6817 0 KF 270 6.4 0 K
33 0 2.4699 FH 89 0 7.5508 E
11 10.9239 0 K 236 10.1274 0 IKF
403 0 12.8409 EE 132 0 9.7042 HH
594 11.0291 0 IKF 53 10.2592 0 K
501 0 11.1969 EEN 112 0 5.2029 EEN
612 0 0 A0 B 268 2.1572 0 K
273 0 5.0481 HEH
103 5.2292 0 KF
250 0 5.7711 EH
243 6.9589 0 KF
73 0 3.5428 HEH
82 5.7316 0 K
6 0 7.1847 HEH
249 9.0008 0 KF
274 0 2.8407 i
51 2.6237 0 KF
201 0 7.2799 HEH
12 8.7014 0 KF
321 0 7.1906 HEH
279 10.3589 1 KF
301 0 5.9531 TH
38 9.8721 0 KF
110 0 3.9265 HEH
61 6.843 0 K
292 0 6.5539 MEH

326 0 0 A B

Table 9. Space-time complexity of Algorithm 1 - 4
F9. BX 14NN ERE
=T B[] 52 2 JiE Sl p=F/91%
ikl N N
Hk2 N N
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RIE G 7K iR 2 pre_h FIE Bk % pre_v /F AXRidR, DL pre_h Al pre_v JyEEfiliin b Apre ] A S/~
AR ZE I BEOR RN RORZE hy v, 5 JE48 FONPTRER U, R ZE N | bia AT ZIXKE, 5
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DT AT AR, K KPR ZE AR ELR ZE AR AR VT R ik, B i /KR % h MEEIRE v, ¥ Step2.

Hik4

Stepl: TFEUFTA A WA s, & R ETREH Step2; 5 IF Step3;

Step2: ZEHIRERF, Wi H AR o R B AT A5 2T R 5

Step3: TFECUFTABIA A AES S HRZE, EUGRZEE T, A A B N ST A

Stepd: 5 Bi R EGAFAEREI, KA AT IAEIW SIMASES Py
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