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Reconnaissance Mission Planning Method for Air-ground Heterogeneous
Unmanned Systems

Abstract

Abstract: Compared with the air-based homogeneous unmanned system, the motion capabilities,
resource payloads, and combat scenes in the air-ground heterogeneous unmanned system increase the
number of constraint conditions and significantly increase the computational complexity of the solution
model. The modeling of collaborative combat missions and the efficient solution of large-scale problems
are the key issues. With the time, path cost, and reconnaissance benefit as the objective functions,
considering the constraints such as the endurance of unmanned platforms, a multi-objective
programming model for the reconnaissance missions of an air-ground heterogeneous unmanned system
is constructed. Aiming at the urban combat environments with multiple threat zones, considering the path
safety and timeliness of unmanned platform missions, the improved A* algorithm path planning
strategies for unmanned aerial vehicles and unmanned ground vehicles are proposed. Aiming at the
problem that the optimization effect of snake optimizer (SO) is unstable and easy to fall into local optimal
solutions, an improved snake optimizer (IMSO) is proposed by combining the particle swarm algorithm
and the genetic algorithm. Simulation verification and comparative analysis with existing algorithms are
carried out by using Python language to verify the feasibility of the model and the superiority of the
algorithm. Solving 10 tasks independently under three different task loads from small to large, the
average objective function values of IMSO are 100.11%, 108.99%, and 110.01% of SO, respectively. It can
be seen that IMSO can jump out of local optima multiple times, and the stability and final fitness values of
the algorithm are better than SO, and is more superior in solving the larger-scale problems.
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unmanned aerial vehicles and unmanned ground vehicles are proposed. Aiming at the problem that the

optimization effect of snake optimizer (SO) is unstable and easy to fall into local optimal solutions, an

improved snake optimizer (IMSO) is proposed by combining the particle swarm algorithm and the genetic

algorithm. Simulation verification and comparative analysis with existing algorithms are carried out by

using Python language to verify the feasibility of the model and the superiority of the algorithm. Solving

10 tasks independently under three different task loads from small to large, the average objective function
values of IMSO are 100.11%, 108.99%, and 110.01% of SO, respectively. It can be seen that IMSO can

jump out of local optima multiple times, and the stability and final fitness values of the algorithm are

better than SO, and is more superior in solving the larger-scale problems.
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(25)
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N X X, 70 O HENE X RIE PR X e o
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Table 1 Task sequence coding example

Hx X X] Xy Fa gl

0, 3.7 3 0.7 S, 40
0, 1.2 1 0.2 S, 70
o, 3.5 3 0.5 S, 30
o, 2.3 2 0.3 S, 60
O, 1.5 1 0.5 S, 10
®2 ENFEESFS
Table 2 Unmanned platform task sequence
NG £ P4
S, 0,-0;
S, 0,
S, 0,—0,
(2) ot Hens

A8 ] SO X A SR 37 5 SR Al 7E DRI BE
IEEENLIE R, BENLMEROR S SUSIOE L 18
TEFF R WY B S s aU, il B i dhe
B2 5 B N SR BB e e A o 1 il A 20 22 P A 5
H, BT TESE I A b e I P 22 FEPE R,
PRAG R H AN B o 8 SO X A 3C i 48 ik 47 3K
filt, RAECRARRE, 55 MNJRH SRR

DN R ), AR SRR R A TR R
GAL S oy FLHE 7 — P et a4k 550325 (improved
SO, IMSO).

1) e A B 5 T R

B Bh AR I B e BE AT 2 B P BE AL B K ]
B, ZHERNTREL, Rk g—RRRarE
BHTIEA, A HX 0+ ) IEE N KT X, (6
TE N EAE I, AR X () AT B

2) RS AR RN A B A X S g

e St e A i A R A A 2 R R 2
P FEAR T B AL SR A B S 10 i, AL At
FRENEMAE X A8 R AR B A A E X SO JEAT diuidt

TR, X iEde X, ROMERE X, R BB AL
P kAT AR A

X, [k]=rN; (38)

X, [k]=rNy (39)
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Fig. 9 A sample of crossover operation
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Fig. 10 Flow chart of IMSO
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Table 3 Target property sheet
R ZIE 2153 WP R IR R /m P R KB E B /m M
0, 114.3313 30.533 1 0.8 2 000 0.2 1000 100
0, 114.243 4 305511 0.2 1500 0.3 500 60
o, 114.214 6 30.609 0 0.1 1500 0.4 1000 40
0, 114.307 3 30.654 5 0.5 3000 0.2 800 80
O; 114.360 8 30.590 1 0.3 3000 0.1 600 30
O, 114.414 4 30.543 4 0.9 2000 0.2 400 60
0, 114.2370 30.5219 0.3 2700 0.7 500 70
O 114.290 8 30.502 0 0.1 1000 0.8 400 40
0, 114.2812 30.606 7 0.8 1200 0.2 900 50
O, 114.1917 30.578 4 0.4 2700 0.1 500 30
0, 114.166 5 30.620 8 0.6 1800 0.4 1400 40
0, 114.393 4 30.643 2 0.8 2 700 0.6 600 30
O, 114.218 2 30.549 4 0.2 1200 0.7 600 50
o 114.256 4 30.5854 0.2 2 000 0.7 1000 100

S

A A,
N

7
L)

=n Sz

11 AP R
Fig. 11 UAV path search

WA 2: fE LRSI RN, WMIEANEREY
RARBEFATIAE . 1858 w NI B8, BoE
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ST NG AR R S Y i A T AR G 3 O
b X, HL T 005 H AR R B X Y AR 5K
i, %A% 2R TS B T AR e R 2 4 )
RE, 15574 HRER SR,

K12 EAFHEEER
Fig. 12 UGV path search
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Fig. 13 IMSO algorithm fitness curve

K H IMSO 13 218 NP S AF55 /o 4 Rk 4
. B4 TS BBER, N TET0HE,
20 7, R YR R B AR L.

AICAEH, FrA R E R IEE, Hige b
RARAAAFHIER, KAUE T IMSO 78 3R i 25 i 7
FTE N FR G AT 55 43 TE 10 7 PR T AT

UG 4: NG IMSO KR B, A SR 56 ¥
B 3FTESEAT, JFK IMSO. SO FIPSO 43 il il
SLIZAT 10 RKIFAT X EE A0 A . Horr, PSO IR P AL
Hw=09, %K T c=02. c,=04, g Kk
Vo= 0.5 N TET3IFEIEIATILE, AL ERE

3R SR N=100, B IR E =100,
*4 ENFETERER

Table 4 Unmanned platform allocation information

TS b1 U /m
s UAY 0. 25 858
S, UAV 0;—0, 28 085
S, UAV 0,0 36 691
S, UAV 0, 38 845
S, UGv 04— 0y, 36 622
S, uGv 0,— 050, 63318
S, uGv 0, 0,0, 62493

Fig. 14 Task assignment diagram

FEEFBERMES Prox. ATLAEH, IMSO
15 3 TP AR I AF 55 i far B T R RAE . “FIIE .
I ZEAE AR AEZE AR T HoAh 2 BB, UERH IMSO
HA TR ae 1 fFe e v .

RS IMEIEA 3 MBLE FITERELLEL

Table 5 Performance comparison of 3 algorithms under 3 settings

N,=3, N,=3, N,=9

N,=4, N,=3, N,=14

N,=5, N =4, N,=14

H
IMSO SO PSO IMSO

SO PSO IMSO SO PSO

wARAE 314.13 314.13 314.13 429.22
FIAE 314.04 313.68 304.17 416.15
A 313.71 311.90 279.37 400.22
bt 22 0.140 6 0.6612 146551  9.9063

411.87 393.51 440.99 422.95 412.74
381.81 354.07 430.94 391.70 368.67
352.83 312.74 418.89 349.29 286.13
19.826 4 28.3528 5.929 6 21.478 2 38.464 7
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Fig. 15 Fitness curve of 3 algorithms under 3 settings
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