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Abstract;: The unmanned aerial vehicles (UAVs) mission planning consists of task allocation, mission
sequence assignment and trajectory planning. These optimization problems are interacted. To achieve the global
optimal solution of the UAVs mission planning, these three optimization problems should be fully considered
and organized. In this paper, considering the requirements and interactions among the three optimization
problems, a double-level planning framework is firstly introduced, and then the whole mission planning problem
is decomposed into two parts: the high level task allocation and the low level sequence optimization. The
optimization models and methods for each level are subsequently developed and detailed. In the process of task
allocation, a simulated-annealing-shooting (SAS) is proposed for overcoming the local-optimal-trap, and the
configuration principle of the algorithm parameters are discussed. Finally, the simulation results demonstrate
the effectiveness of the proposed planning framework and the SAS algorithm.

Keywords: unmanned aerial vehicle (UAV); mission planning; simulated-annealing algorithm; planning

framework; optimization algorithm

0 3 = A R HAE 22 b 00 i B A — B G F 5 40
= Jo A#L(unmanned aerial vehicles, UAVs) i) {E 45 # %] 7] 5

o

AT AT 55 ML R B S BRI SRR R SR S5 A e IRAT O L) A B S i MR 4 AT 55 23 D

R EEA 2021 -08-11; {EEIHHI:2021 -12-06; MM H AR HEI 2022 -02-23,

X 4% £ 55 H AR Mk - https: / kns. cnki. net/kems/detail/11. 2422, TN, 20220223. 1513. 018, html
ESIA AR T E AR5 £ 4 (PID20180148) ¥ B PR

x BIWAEE.

SR A, FEROK, BRI, %, 10 2 I AL R R B 0 BUZE 5 MR k)], RETRSHE FHEAR, 2022, 44(9): 2849-

2857.

Reference format: YU J, YONG E M, CHEN H Y, et al. Bi-level mission planning method for multi-cooperative UAV air-to-ground at-

tack[J]. Systems Engineering and Electronics, 2022, 44(9); 2849-2857.



+ 2850 -

Ao TRSHETHA A

JEFE G E MR AT 55ty R8s UAVs $0AT s BT 005 1 8 2 15
EEAUESESMENT #1E UAVs U071 55 1056 J5
5 Wl AR AL BR A 2 UAV's SWATAT 55 19 BAR ATl . 4T
55 03 BC 5 AT U ML) 0 2 S R A 52 2R 29 T WY 45 Ak
Vi) 250 o5 328 31 43 A0 A T ) I A A8 g X A ) T A
Bl — MR F L3 AR U R) AR B £ A R
AT I W0 30 75 2 LIAT: 55 43 BBC 7 58 R i A 0 8 0 0 75
PUAT: 55 PRAT WRE g B A 5 TRAT AT 55 B M0 B0 R A e i) S gk
— WAL 55 S LT B PR E .  TIR BT 55 MR 1 2R
Al B AR AL 3 2 AL O &R L B2 m R Ak
SR

HATCAFEZF UAVs {555 R0 00 @45 1 AL 5 iRk 17
R AL 5 I e R R D % A AL R T O
T A rp IR A e ORI A A E  TT
SR ISR S ORI ST T T O R R B 7S
FAR Z P R L TR AR . B IR T A 8 .3
AHRNE R L AR A () 2 R B B
AT AE AR AR TR A B R SR A, BEJS B REAL
5 B B B T2 B A A BEAR S R L BT N
H AT H 8 R IR 1k 3 A 38t % 34 1 (genetic algorithm,
GAM 1 i F B A 4k (particle swarm optimization, PSO) %4
T R IR K (simulated-annealing, SA) 8yl & A
LTS AT 55 20 BE 5 PRAT R BRI BB A TE AT A Y B R
B E AR Dy — DR R L BRI AT 55 R R 8] R 2
HHT P AR AL T 2 W T i R . AE AL R T
SA BLHAE I B A 58 & BIE B, T LS B 4 R M E
M #5 Z WHE 8 5 Bk . TEATR S5 F R ) h , SA B T A 1R
Z I AR H IR AR TE — A B A B9 B BV 5 B A R A
AR DA 5T 3t — AR 250 2 B0k k.

AR SCER A2 AT 55 IR v AT 55 43 BT L AT 0 B R
B At #3214 A A e K RAR T ) B2, DA DG A6 AE
B R BT T OB LR B AT 55 0 SR SR L T S R DA
B SR gt 43 S R 5543 B AR 2 AE 55 17 90 4k, 91 X 4
— BT R AL B SR BEAT T A B s AR AT 55 4 T
[, BE T SA G BRI T AT Bk R BB AR UL Y SA R
(SA-shooting, SAS)H 1, IFTE IR T B kS 5m it
JEO . S5 38 FL AT TR IE T B Y e B R A B R AR
PO A R

1 fE5H#ER

i NS m ZEFIFFT i B R 7 1> UAVSs 2§
Ja B AT ER TS bR g AT X et . —28 UAV i
LRI BCRE N WL R —28 UAV 2865 W A H s,
H—1HAr Hfigg—42 UAV i, (B4 4B H i 2 i
LR Le UAVSs T 24T 5 MR B 5, DL I 52t 7 o7 1 B 4
YERIRY . CAT I # e Rk i i ts . RIS/ T2
UAV Hr[F 3¢ 47T s mE .

Hbs

1 2 UAV HpE X T i B
Fig. 1 Sketch map for multi-cooperative UAV

air-to-ground attack

2 % UAVs thEX I HFES S EREE

AR UAVs X b 25 4% 45 4 B [a] &0, w] Y oo 4
(E, V., T,C)JFHiik.

ERRBGHAES A AT T 8B R
O HE SE RS E R . T RS AR SO T A R A R
NP, —FR A AR X, B TR R R G KA
A HIE B 5 300 UAV R Al 3 A B X5 55 — 384 B A
UAV 1] DIAL3 i X 35

V HI UAV ARZ. B M UAV 44 U={UAV, ,UAV, , -,
UAV, }, Hri UAV, ={loc, ., W} , /R 8 UAV 9] 45
A7 BT B AR B m Oy UAV B,

T hfs¥ B A& T = {tar, , tar, , -
FREE . B m<n,

CFRES ST 8 AL HEAE 55 B K 29 3R UG AL 2
A G iRy R e L A

1 55 BRI B AR B2 — S AR P AL A AR i A
LY RRPEM AR 3 D OEEE R . T TR 4 AR SCHIF AR ) A8
KA E R AT 40 AL
2.1 gitTE

Wi AR B Var = (seq, s seqs s *** s s€q,, ) s seq; = | tar] ,
tar, o+ tan, RN EC A S 42 UAV RSP 5. 55 « 48
UAV AKRIRAT S5 tar; B tar, RS BbR, W7 MG
SCFRAAR IR EH AR 43 e B AR ] 8 R
L HHr kB 5 i 22 UAV )

0, Bir &t WAHDECAE 42 UAV
2.2 WHMHIER

(D) Bk

% UAV, X tar, (98GR A Py WA WH AT 55
Yy S5 A0 280 Sy

,tar, },n N H

Lk

R = i}i}l‘,k « P, (2)

i=1 k=1

(2) HHRE
i UAV, Xf tar, #4797, A FEEHE A Qs WX
UAV B B AR Gy =1 — Qu » BT AT 55 1 B #E
A RRA
G=3a, - (1—-Q» (3

3 MRS
UAV 513k F B0 7 57 2 52 5 £ 25 10 6 1 4 4 2t i



%09 1

RIS T ) 22 T8 AL IR R X 3t TRl A9 XU AR 45 R Ry ik

+ 2851 -

AN AR A T AR AR 55 P S W E . 2 3 A MR 4
PR G PEAN 5 A AL 3 R R I . 4 SRR AR B
UAV {19 AT B B A E 55 B AL AR T R

F=>F D)

2.3 EHHR

FEBANAT S5y Bl R, T B R DL N AT &5 23R

C AT KA, UAV 5 K A7 1 8 A 158 1 Hi
FERR

Cy AE 5523 B 20 0, 45 — 22 UAV #5025 43 i — M E
% B — TS U —%2 UAV 147,

G B RIXAT, UAV Ef AT fE o AR A 2 25 R IX I

Co AT BRI 56 i 38 UAV |2 #H W, R

C; : RATEBMANR . UAV BEITHLEN N A 5 KAWL A .
2.4 EEMRUER

25 b AR SCATFFE A UAVs {55 43 it [a) 81, m] 7% R 40
TR

find Var= (seq, »seq, »***»seq,, )
max [} =wrR —w:;G (5
min f,=F
s.t. &,NCNCNC NG
o Bl we 4302078 BB A% 350K 5 3045 2 B 46 A 19 AL
RECWT Z BN EBEBRE; fi TR AL 5B  f2
BB C, % O, fiiak T 7 B 2

3 HEEKER

3.1 KRFEEZR

SRR b AR, e b TR B B 2 R 2 58 R (I
B 2, FEBRIAFEATAT 55 2l . B 52 BE 2 UAVSs $4
IO AT 55, E B0 2 AL T8 45 £ 5 2 B H T e T
35 Gt J 3 L 6 0 K] el L B A E 0 UAVs 5 24T 09 B An
EAMETRT ULk B 04T 55 e 50 F0 3 o7 1 AT A 56
FELoiErr £ T ER SR ENg, EEMRMT
SRR AR R R R B A, A —ERE . B
ZERTF 2L RARE 7 JE 1. 51T 5 dis ik 8 &
K, b BE AT AR AN I HE S O 5 24 0k BT AR AR A SR 0L T
B — B AT 45 0 5 S AR

- e

s/ AL TR AR

FE S5
it L]

Bl 2 SUZT 5 MRIHESL
Fig. 2 Bi-level mission planning framework
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Fig.3 Strategy for Bi-level mission planning
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Table 1 Destructive probability
UAV; tar, tar, tar, tar, targ targ tar, targ tar, tar),
UAV, 0. 864 0.811 0. 846 0.945 0. 805 0.762 0.768 0.829 0.777 0.767
UAV, 0.789 0. 888 0.831 0.938 0.982 0. 790 0.751 0.755 0.823 0.735
UAV; 0.923 0.934 0. 834 0.893 0.963 0. 841 0.768 0.971 0.878 0.789
UAV, 0.757 0.724 0.792 0.814 0. 865 0.769 0.831 0. 994 0.779 0.796
UAV; 0.906 0.979 0. 853 0. 943 0. 887 0.953 0.793 0. 832 0. 881 0. 827
UAV; 0.755 0.933 0. 853 0. 860 0. 876 0.758 0.977 0.733 0.913 0.852
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Table 2 Survival probability
UAV; tar, tar, tar, tar, targ targ tar, targ tar, tar),
UAV, 0.732 0.725 0. 755 0. 865 0.821 0. 825 0.801 0.773 0.873 0.713
UAV, 0.989 0. 820 0.779 0.743 0.723 0.715 0.970 0.821 0.718 0.751
UAV; 0.701 0.778 0. 744 0.956 0.772 0.971 0.811 0.729 0.770 0. 895
UAV, 0.932 0. 940 0.741 0. 887 0. 737 0.983 0.733 0. 740 0. 806 0.920
UAV; 0.945 0.829 0.961 0. 805 0.755 0. 847 0.934 0.983 0.946 0. 894
UAV; 0.961 0.973 0.874 0.854 0.772 0. 847 0.817 0.987 0.705 0. 835
R3I SAHZEBHIRE
Table 3 Parameter configuration for SA algorithm
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Table 4 Optimization results with different neighborhood searching parameters

B17 1 2 3 4 5 B Ji %
1 4.0250 4.0250 4.003 5 3.987 0 3.963 0 4.000 7 0.000 699
3 4.003 5 3.9815 4.0250 3.997 5 4.0250 4.006 5 0. 000 350
5 4.003 5 3.997 5 3.977 5 3.973 5 3.973 5 3.985 1 0. 000 205
10 3.960 0 3.997 5 3.988 5 3.957 5 3.979 0 3.976 5 0. 000 306
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Table 5 Optimization results with different shooting populations

&l
WARALRR Y LA SE SR an sk 5 Fiw .

B17 1 2 3 4 5 M Ji %
5 3.940 0 3.952 0 3.948 0 3.956 0 3.959 5 3.951 1 0. 000 057
10 3.973 5 3.9615 3.968 5 3.9885 3.987 0 3.975 8 0.000 137
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Table 7 Coordinates for targets

A FR tar; tar, tar, tar, tars targ tar; targ tar, tary,
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