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Abstract

The use of four-rotor unmanned aerial vehicles (UAVs) in engineering reconnaissance has become an
important means of location reconnaissance in command post construction and camouflage opera-
tions. The path optimization problem of UAVs for reconnaissance of multiple engineering targets is a
typical traveling salesman problem. It's one of the nondeterministic polynomial complete problems
in combinatorial optimization. Brain Storm Optimization Algorithm (BSO), Simulated Annealing Algo-
rithm (SA) and Genetic Algorithm (GA) are heuristic optimization algorithms to solve this problem. In
this paper, through problem description, mathematical modeling and algorithm principle, the solu-
tion ideas and methods are introduced step by step, and the results are compared and analyzed. The
Brain Storming Optimization Algorithm has the advantages of high speed, good convergence and bet-
ter results, which can better solve the path optimization problem of UAV multi-target reconnais-
sance mission.
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Table 1. Coordinate information table for pre-construction point of vehicle shelter in command post

F 1 R ERE TR R AR R R

FF X AL AR Y AtR P X AL FR Y At e X Abtr Y ALdR
1 0 0 13 243.09 680.11 25 624.08 924.12
2 43.72 75.25 14 275.15 762.13 26 640.03 302.12
3 69.23 180.20 15 312.42 200.12 27 675.32 831.11
4 87.24 475.12 16 331.00 904.10 28 709.60 107.14
5 120.18 369.78 17 332.11 682.32 29 733.24 231.08
6 125.00 75.30 18 379.03 81.17 30 763.62 275.14
7 143.00 709.14 19 383.15 825.12 31 890.15 432.13
8 147.23 540.38 20 476.13 108.43 32 894.08 755.23
9 174.06 44218 21 477.46 215.18 33 921.08 548.72
10 175.18 12.13 22 501.92 912.12 34 928.18 649.16
11 215.17 132.14 23 542.12 829.31
12 223.12 568.21 24 561.14 275.12
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Figure 1. Distribution diagram of pre-construction points of vehicle shelter in command post
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Figure 2. Flow chart of brainstorming optimization algorithm
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Figure 3. Flow chart of simulated annealing algorithm
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4.3. BEHEEGA)RE

18 4% 599 (Genetic Algorithm, GA) RIESKIR T H AR S AE ML R FE, & N T BB AT H (1 — o o 22
FE BRI R AE[10] [11], FEAHERID. wIiae. PR, . X, BRMLI 6 AN [12] [13].
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Figure 4. Schematic diagram of genetic algorithm coding strategy
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Figure 5. Schematic diagram of crossover strategy of genetic algorithm
B 5 BEEAERX R REE

(5) A5t

N TGN R I I DL, R R IR 5 5 SR ML A8 3R g w] BE A7 AE BB 2 1], AROK g
ISR A 4 JRy e LA R AT RERE o 22 S il 2 X R o B AR SE S JE A b A B R HEAT AR e . S A B R
S BRAS WS BEAS . ASCRHB RS, 5D AR KB LA 6. MR 5IEAR 573
W A

N

ISR 21-_>1}>4[—_>3]—>5 » BWREME: 253}>4|-_>1j—>5

Figure 6. Schematic diagram of genetic algorithm mutation strategy
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Figure 7. Flow chart of genetic algorithm
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Sk R AL BE(BSO) % H L ] 9 ARBLE K SRR (SA)S I . 4] 10 & H(GA) B i . & 11 BSO-
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Table 2. Optimal initial parameter setting table of brain storming optimization algorithm
2. BSO BB S HIRER

KIS EL MAXGEN 200
TR NIND 50

RRH Cluster_num 5

B — N REP LR p_replace 0.1
BN REIIME p_one 0.5
RIS 1 FIER p_one_center 0.3
T 2 R p_two_center 0.2

Table 3. Optimal initial parameter setting table of simulated annealing algorithm

3. RUBABEEZRMNBSHRER

ZHEX ZH A SR

hE ISR EL MaxOutlter 200

W E AR EL MaxInlter 50
PIa TO 0.005
WEIR T alpha 0.99
THNE pSwap 0.2
pUIEE RS pReversion 05
EEPAN R plnsertion 0.3
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Table 4. Optimal initial parameter setting table of genetic algorithm
4. BREFERANBESHRER
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Pt AR K N 34
1000 BSOR 1 [£(4097.1814%)
900 - 2 S .
800 - S 3 q
2
700 - 17 1
4
600 q
2 3
500 B
1
400 4
300 6 1
200 | 5 1 o .
100 5 L 0 8 4
0 Q L L L
0 200 400 600 800 1000
Figure 8. Brainstorming algorithm routing graph
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Figure 9. Simulated annealing algorithm routing graph
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Figure 10. Genetic algorithm routing graph
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Figure 11. BSO-SA-GA comparison chart of convergence degree of three algorithms
[ 11. BSO-SA-GA =B EUISIE *fEL &

Table 5. BSO-SA-GA comparison list of experimental data of three algorithms
% 5. BSO-SA-GA =ME AL IR L — Y5k

HiE WFAl(s) e ERE () B (H i AFS) WS =it
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BSO 22018 4097.1814 s o 53 20 165191417 4093.3417 K e
—13—57—-12—58—54—59—-5-53-52—1
1-6—10—»11—>15—-18—20—-21-24
—26—28—29-30—31533534—32  3F 86 WIERBI AL M e

SA 39672 40971814 o s 53 0 1651914117 4093.3417 % it
—13—-7—>12—8—4—9—>5—-3-2—1
1-6—10—11—18—20—15—21-24
—28—29526—30—31—533—534—532 200 KER B RH

GA 97642 4406.7594 o s 3302251651917 14 4406.7594 K- &
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5.3. &i
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X AR5, . W2 AERAE, BERBNRTIE, EKIAR AR 2 5% (4406.7594 2K >4093.3417
oK), T FLS SR AR AR AR K B (SA) SO S, i e A T BB LA A RS — s e 1A
e, Wik FEANIRAE, PORHbEE S T RN R ERIEES, BT DA SR BT (BF 86 19 B i MF 4093.3417 °K),
By 2 EOE AR KA A B, T EOR AR A 818 (3.9672 #); BSO Skt TR 1 BHKEIE,
Je FORW R, HAERSREMR, RIET R, RN, GH— MR EEEIAE, RH
(Swap.m)FHjE & K28 X (heuristic_crossover.m)&y%, #f— DG T FENRH &M, Bk, 7E2 41 kR
BRI 508 4093.3417 K, FFHM A EERM. BTk, BATRESS HEE AL, SR E
(BSO)BE M B {7 it i >4 Hir 38 BAASE FH JE ALY 22 H bR S AT 52 BT 1D 28 42 A0 A il
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