Advances in Applied Mathematics 30553 &, 2024, 13(10), 4563-4571 Hans X
Published Online October 2024 in Hans. https://www.hanspub.org/journal/aam
https://doi.org/10.12677/aam.2024.1310437

T AH DS RN Y R AL 5] R

THEY, #IA, # B/, #AE, Taf
PR, RAELE, 2K

Ui ZE AR A B R AR BE, YLOR B

2 2 BT 69348EE RN, B o FE I
SPrsEgA A/R BNRUES, HisE A ERE

ot

WekE H 3 202449 H14H ;. FHHM: 20244E10A7H; KA HM: 2024410 16H

R

FRASEELANLHERN, CER RS AP GEH N EEFR. AT ANST LS
W, HRERTIERHE, LHFEL. MR, SHEESREFRRHKE, RENIHEAE. GERLb
£ LIREBES K, BANARBSAKE., SEFEER L. 43BN L2 B2 N ask H s
S B AR R T R, ARG B L SRR, R\ THERE 5% (Artificial Bee Colony Algorithm,
ABC). ###iB Kk H % (Simulated Annealing, SA). ##/5%.1%: (Generation Algorithm, GA) . ¥UEE5 % (Ant
Colony Algorithm, ACA)Z5 8 RE VA EHEATIAL, 23R Sk KB AL H 2% (Brain Storm Optimi-
zation Algorithm, BSO)BEAT BSR4k, AT E SRR, WX RBLE R WSEBTEZE I, Bl
BOSHEIEE AR SUE R, BAEEMM, WMRATHE TKENHE. REEWBE. LTS EK
FATE MU AT 12358 B F) B AL, 10 RE 4R B T v

eI 40!
WEEW, B, BSO

A Study of the Path Optimisation Problem of
Unmanned Aerial Vehicles in Border Survey

Haibao Yu!2, Weidong Xu?!, Hong Wei?, Yumou Xie3,
Yujia Ye?, Yuebao Liul, Longhua Zheng!, Qing Liu!

ICollege of Field Engineering, Army Engineering University of PLA, Nanjing Jiangsu
2Army Border Defence Unit 69348, Huocheng Xinjiang
3people’s Armed Forces Department of Chabchal County, Chabchal County Xinjiang

Received: Sep. 14", 2024; accepted: Oct. 7™, 2024; published: Oct. 16", 2024

XESIH: FilgEE, LR, U, WWE, R, INE, AR, XK. TEANUIE SR B AR AL )
). W ECFEHE R, 2024, 13(10): 4563-4571. DOI: 10.12677/aam.2024.1310437


https://www.hanspub.org/journal/aam
https://doi.org/10.12677/aam.2024.1310437
https://doi.org/10.12677/aam.2024.1310437
https://www.hanspub.org/

TiE %

Abstract

The use of composite-winged drones to carry out border surveys has become an important means
of border surveys for some border defence forces. The use of UAVs to carry out border surveys
greatly improves operational efficiency and achieves the patrolling of harsh and difficult environ-
ments such as high mountains, rivers, snow, etc. Especially for patrolling tasks on the borderline of
Xinjiang and Tibet, UAVs are of great significance, unlike detachment patrolling and surveying. This
paper addresses the path optimization problem for unmanned aerial vehicles (UAVs) conducting
surveys on multiple border targets along the border defense line. By establishing a mathematical
model, we optimize the problem based on various intelligent algorithms, including the Artificial Bee
Colony Algorithm (ABC), Simulated Annealing (SA), Genetic Algorithm (GA), and Ant Colony Algorithm
(ACA). Additionally, we explore path optimization using the Brain Storm Optimization Algorithm (BSO)
and conduct simulation experiments for problem-solving. Through a comprehensive analysis of the
results and convergence performance, we find that the BSO algorithm demonstrates better conver-
gence and more optimized paths compared to the other algorithms, significantly reducing patrol
time and enhancing operational efficiency. This provides a new approach to the path optimization
issue for UAVs used in border surveying in some current units.
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2. BMHEFER
2.1 BEARERMET

To NHVLE 5 Bl (4 B AR AR AL R R, P22 iR 4T 7 il /& (Traveling Salesman Problem, f&i#x TSP) LA
I3 o
2.1.1. TSP [a)8&

JRAT T i) LR DR R4 o) ), mIHfIR Ny A — N R B SR TR, IR My ik, B U5 3
My, My, My, -, M, &, BJaiRIEIFEI T My, o M3 M IR 380 Vi, #2 BB REI T U [ 3% 253,
W, A Re Sk D .

E S R Xi Fon NGRS IR M2 B85 Z3T M;,

1 NBMIRTT M, L85 IR M,
1710 ARMIKHTM, 3 3?):Ti\bﬁﬁﬁ?M

E SRR Z:
minz=>%>"v;x
i=1 j=1
N RAER VT T & BT, Bk ML R, 7 E N2
vvi—wj+nxijsn—1, i=%---,n, j=2,---,n
=0, 1<w, <n-1, i=2,3,---,n
BT
n n
minz=>%>"v;x;
i=1 j=1
n
D% =1 j=12
j=1
n
DX =1 i=12,-,n
Ss.t.qi=a
W, —w; +nx; <n-1i=12, nJ_23
w,=01<w, <n-1 i=23
x; =081,

2.1.2. TSP ja) 38 B AT s Eik
TSP [ AE N — A W H G RAL IR R, TERUBLA/N, TS (s L R R RS # . IR,

Bl el R MR 2 30E FENE, (RMTEARE RO . THEE RSN, EIHRRERHIES
N\ T 443 5212 (Artificial Bee Colony Algorithm, ABC). #54lE k5% (Simulated Annealing, SA). i#tf& 51k
(Generation Algorithm, GA). LR (Ant Colony Algorithm, ACA)Z5 % GE LTI, TSI
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Figure 1. Flowchart of brainstorming optimisation (BSO) algorithm [7]
B 1 kRN RR U (BSO)EERIZE7]
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Table 1. Information on the coordinates of points to be surveyed along a borderline
F* 1 RREFEN S LIRMERE

5 1 2 3 4 5 6 7 8 9
X AR 0 1000 725 1127 1105 655 1203 1235 1686
Y Ak 0 525 1108 1758 2900 3125 3750 4803 5608

5 10 11 12 13 14 15 16 17 18
X AR 2203 2255 2304 3525 3728 4568 4672 6234 6783
Y AshR 5650 5050 5955 6050 5734 5487 6375 6735 5102

hac 19 20 21 22 23
X AR 7593 7421 6893 7458 5374
Y AR 3795 2232 1537 328 423
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Figure 2. Distribution of points to be surveyed along a borderline
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3.2. 1RIE TSP )R E T HFHER

1B 53 BA T R A A T AN 55 B AR5 BT 5%, RSt n A BARSEHAsE 8, &4~ E
PRS2 B E N dij (i, j=1,2,---,n5 Hi=j), RMTO(0,0) (AHAS NE S, ELRTFA X, EIL
Jyy H)H R, T ETH Hﬁmﬁﬂﬂﬁ 1 Y5 R B H % 5 O (0, ) B Aa BE S

VA oy ity

min =3 >dx, )
dijz\/(xj—xi)2+(yj—yi)z, ijieV,jeV )

ixij “1 eV 3)

S.t.{4 n
Yx =1 jev @)

Zj:szj-esxijs|s|_l, VSCV,2§|s|gn_1 5)
x; €{0,1} N

L) ZEHREEL, RIMNE—A A 00,00 %, M n AN S5 EE] A O (0, 0)IFFEEE B (2) di NEE i miE
B ARIRKKRIEE; () @)NTENNETE 1 8a NG % (5) AR EE LT — Sk
RN (6) AN B Az RSSO 1, BNA 0. V AT ST 554 s N 2 N EFIn—1 .

3.3. I BSO &L R#E

KRR AREARECH 100, FhlEA 50, FREHE NS5, FEVLEHR —-ADREFOPERN 0.1, EH1
DNEEHZER 0.5, HHEHNBROMZER 0.5, HF 1 NERPFOBMR 0.3, EFEHANERFOLIOMER
0.2, Matlab #%CoAXHS L& 3~6.

%% BRI
MAXGEN=100; % 1% Ui EL

p_replace=0.1; %/ 2 ech O I 2

p_one=0.5; %ikf¥ 11~

€, p_two=1-p_one
p_one_center=0.3; %k
p_two_center=0.2; %% 2 4
%% FEREYIAHIL
Population=InitPop(NIND,N);
%% TAFH

gen=1; %I E VAL
BestPop=zeros (MAXGEN,N); %
BestL=zeros(MAXGEN,1); %il.
while gen<=MAXGEN

%% 5 F b ek Bl
0Obj=ObjFunction(Population,dist);
%% K-means HF

fRad AR b 2R e
4 R SRR A A A

[Idx,C, sumD,D]=kmeans (Obj, cluster_num, 'Distance’, 'cityblock’, 'Replicates’,2);
cluster=cell(cluster_num,2); %{§fi#fiffr (s 4

PR HLAHE T

e 4

order_cluster=cell(cluster_num,2); %/
for i=1:cluster_num

cluster{i,1}=Population(Idx==1i,:); %51
cluster_row(i)=size(cluster{i,1},1); %il4

S S0 7 SR 2 o

for j=1:cluster_row(i)

Individual=cluster{i,1}(j,:); %“HI%AEH4 5 A0k
cluster{i,2}(j,1)=0bjFunction(Individual,dist); %il 51l es § A B bR o

end

[order_cluster{i,2},order_index]=sort(cluster{i,2}) ; %Il 5 IS eh iy - i H bref S A/ 200
BB AT R

order_cluster{i,1}=cluster{i,1}(order_index, :); %I “iT 5 i fo 4> P42 B HE i 2 S )
order_index=0; % i HE/¥ T 5
end

Figure 3. Core code 1
3. Bl KH 1
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%% LA E (MIBERBEHLA m AT pola i P — AN RS, FRRT— B AL 10 AL ST X
Aok b RSO

Ri=rand(1,1);

if Rl<=p_replace

SRIHLILFE— ATl

repalce_cluster_num=randi([1,cluster_num],1,1);

SRAHL 2 — AN

replace_solution=randperm(N);

963 RS A 77 A 0 LW LA SEL ok A A o SR e
order_cluster{repalce_cluster_num,1}(1,:)=replace_solution;

6t LR ) F A% R H i
replace_solution_fitness=0ObjFunction(replace_solution,dist);

%K ARA FL bR AU 475 order_cluster i1
order_cluster{repalce_cluster_num,2}(1,:)=replace_solution_fitness;

end

%% HHIX n A

for i=1:NIND
SUNRBENLEN T 4% 1 B
if rand()<p_one
select_one_cluster=randi([1,cluster_num],1,1); %ik4Eikitr— %%
SUIRBIHVEC N TR 1 A RFEPREE P LIHR, FAATEHE SR A

if rand()<p_one_center||cluster_row(select_one_cluster)==
select_ind=order_cluster{select_one_cluster,1}(1,:); %ikif X pifif (2t (1L
AR, R FEZAME

else

r_1= randi([2,cluster_row(select_one_cluster)],1,1); %BIALIESF GATHAE PSR
FOSMIEEAET S
select_ind=order_cluster{select_one_cluster,1}(r_1,:); %tk 140
FrpL A E A A

end

indi_temp=Swap(select_ind); %{%i% ™At 77z e dE

else BUIABHLEANT P 1 MREIBEE, WBEHLLEE 2 MR
cluster_two=[0,0]; %BlHLI" LA HEAM TS

while cluster_two(1,1)==cluster_two(1,2)
cluster_two=randi([1,cluster_num],1,2); %X/~ 255 A AeffE

end

RKARE

Figure 4. Core code 2
B 4. Bl RS 2

SUIRBEVE N T 5 2 MRFEPEEFOHME, PN RERH R A
if(rand()<p_two_center)||(cluster_row(cluster_two(1,1))==18&cluster_row(clu
ster_two(1,2))==1)

2 AR RE AL
select_indl=order_cluster{cluster_two(1,1),1}(1,:); % — M HiEHEs
select_ind2=order_cluster{cluster_two(1,2),1}(1,:); % LSRN
else

BUIRE 1 MEFHMREHRE DAk

if cluster_row(cluster_two(1,1))==1
r_2=randi([2,cluster_row(cluster_two(1,2))1,1,1); %AEFFH 2 PMREAEHEREZ L
ShEgEEA

select_indl=order_cluster{cluster_two(1,1),1}(1,:); %P EIhylkiFm ik
select_ind2=order_cluster{cluster_two(1,2),1}(r_2,:); % ~MELEPkiEmN
f&

elseif cluster_row(cluster_two(1,2))==1 %uIHE 2 MkFENEZEH HAg Ak
r_3=randi([2,cluster_row(cluster_two(1,1))],1, 1); %ik4%5 1 PREIEHHEREI L
SR e A

select_indl=order_cluster{cluster_two(1,1),1}(r_3,:); % —PEIKDpkitm )
3

select_ind2=order_cluster{cluster_two(1,2),1}(1,:); %4 PRI PEFEN A
elseif cluster_row(cluster_two(1,1))>1&&cluster_row(cluster_two(1,2))>1
UEFEIX 2 NREPBRRELE P OAMHEAE
r_4=randi([2,cluster_row(cluster_two(1,1))],1,1);
r_5=randi([2,cluster_row(cluster_two(1,2))],1,1);
select_indl=order_cluster{cluster_two(1,1),1}(r_4,:); % ~PEFHpkEN
3

select_ind2=order_cluster{cluster_two(1,2),1}(r_5,:); % 1%
i

end

CEE

SEESN

WHE TR

end

[childl,child2,min_index, start_c]=heuristic_crossover(select_indl,select_in
d2,dist); %k NE T

SBURF A 1 BARER B AN, WK indi_temp AT childl, FHIUGEA child2

if min_index==1

indi_temp=child1;

else

indi_temp=child2;

end

Figure 5. Core code 3
B 5. RS 3
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SR SN
5 1R BE 250 62877.7623 K5 57 2 AR ML AMA 0 S BRSOy 52868.493 K 55 3 AURAl

fit_indi_temp=0ObjFunction(indi_temp,dist);

SUI R Fit_indi_temp LLJFURALE L A9ANA H bx ek BUE TN, TR AL B _L A4
if fit_indi_temp<order_cluster{Idx(i),2}(1,:)

Population(i,:) =indi_temp(1,:);

end

end

%% 5T H AR e U

0Obj=0ObjFunction(Population,dist);

[min_len,min_index]=min(Ob3j); %4 RiIAEEr i A4 LUK X B e 5
BestL(gen,1)=min_len; %ic.t il Crb gt ANk

BestPop(gen, : )=Population(min_index, :); %icsi 2 fiidk A rf s 0 AN A i i g
%% FTENB AL AR

disp(['# ", num2str(gen), ARE AR AT AEEE A, num2str(min_len)]);
%% HEE N 1

gen=gen+1;

end

%% T BRI RER) H oA bR B

Obj=ObjFunction(Population,dist);
[best_len,best_index]=min(0Obj);

bestR=Population(best_index,:); %4 /il Mk
PlotRoute(bestR,x,y);

%% FT ENR AR A 42 R B D0 AN PR ) S B P AR A 4 PR

figure;

plot(BestL, 'LineWidth',1);

title('fRfbidF ")

xlabel( ' iEfCIEL");

ylabel(' MIEE");

datal=BestL;

toc

Figure 6. Core code 4
6. KL 4

AR PR BN 47296.452 K5 5 4 ARER MR EE B 37711.8539 K 5 5 AREAM MR EEEE N
36353.5003 K 5 6 fRIEmALAMA K EE 55 A 33812.3365 K 45 7 ARIALAMA K S PR 55 A 30332.3101 K
5% 8 MM /MAEI S PR 30332.3101 2K 28 9 AU MM R EBE B 9 29102.3541 K; 28 10 M
PRI EEE B 29102.3541 K5 55 11 AREARAMARI S BE B 29102.3541 K5 5 12 AR MR B BE S R
29007.5297 k; %5 13 REmEAMAR S FEE A 28331.8461 K %5 14 ACHALMAR S EEE Ny 28331.8461
K 515 A 100 BN B EEE ¥ A 27995.9277 K, BSO MIRSUE . Bl WK 7. Kl 8.

x10* ‘ M

6.5

25 . . . .
0 20 40 60 80 100

HEARRH

Figure 7. Convergence plot of the brainstorming optimisation algorithm BSO
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Figure 8. Routing diagram of brainstorming optimisation algorithm BSO
B 8. kRN FEMILE L BSO MBS E

WA H LI R, TSI MR IR O (0, 0) A, #WHEMNSA 3 >4—-55-56—>7—

8-9—-11—-510—-12—-13—-14—-15-16—17—18—19—-20—>21—>22 —-23 -2 — 1, {f15L
NPT %A% 5 Ji, O 27995.9277 K, BEME LIRSS i Ba AT 55 . M BOS W5 B m] LA Y i 8%
By, BARE) 15 AAE S A5 R . I BOS Bk AR BUR MR TR 24 w8 AE F TC AN L8582 B bR il iy
BRI R, AR R L . A R RARSES S EAE T N L, SO R w1 1 5E 8 AL
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