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Unmanned aerial vehicle monitoring patrol path planning and ACO-
AVNS solution algorithm

CHEN Qun', SUN Le-tian, YU Fan
(School of Traffic and Transportation Engineering, Central South University, Changsha 410075, China)

Abstract: Unmanned aerial vehicles (UAVs), as an emerging tool for data collection, are rapidly gaining popularity in
monitoring patrol fields such as public security patrols, forest fire prevention, and facility inspections. To address these
issues, this paper proposes a mixed-integer programming model that analogizes the allocation of monitoring resources
to inventory management problems, quantifying costs due to excessive and frequent monitoring to optimize resource
allocation. The model takes into account the endurance limitations of UAVs and the mechanism for splitting monitoring
demands, comprehensively optimizing the allocation of inspection points, the service paths of UAVs, and the inspection
cycles of each path to minimize the total operational costs of the system. To solve this model, a hybrid heuristic
algorithm based on ant colony optimization (ACO) and adaptive variable neighborhood search (AVNS) is proposed. In
each iteration of the algorithm, the ACO algorithm first constructes an initial solution, which is then continuously
optimized in quality by the AVNS through alternate searches across six neighborhood structures. The algorithm
achieves solutions comparable in quality to those of solvers in 23 small-scale instances. For a large-scale 121-node
instance collected from Changsha City, the solver failes to find any feasible solution within 10 hours, while the
proposed algorithm generates high-quality solutions in a short time. The effectiveness of the proposed algorithm and its
excellent solution stability are validated through ablation studies.

Keywords: monitoring patrol; unmanned aerial vehicle; path planning; split demand; ant colony optimization
algorithm; variable neighborhood search
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BRI B (RIS, HEAT T S 9 oR 46 IE H A AL
P, I 38 i UL M AN R S HO T R G5
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31 SHRE
e IN S WNGINEDE - B s s =3t IR RSl

TR, WE T ANERK AT AT, = 30 min.
TS BE  MEsR AR B, AN AT
5EN10km/h. HAKBLIBYERA Y = 1.2 x 10* Jg,
To NHVEE 73 B ARV AR § = 0.15 T, B 07 s #2865k
HRFA AL =0.15 0. %83 — & KZ7E 10" min,
BB A R = 10,
LFRSBEAENIEES T A, G, S
WS H, SINHAARFEE: 25 BT ALK
RATET )36 22 60 min; 380 C UK FEAFFE A A 12
EEVIBE T 6 £ HARZHEN S5 S5 A3
ACO-AVNS HiE I REXS T S 8 UK. A&
T AVNS 2 1E & v BL & ACO 1) 5 AN %0
ZH{«, B, p, MaxAnt, MaxIter}, #& T 6 KZ& 5 /K
P IE AR S5 DAL S B B . AVNS A 24

% A Stenger 251 A2 B IC B . A L0 E S A
AW R {y=30,0, =20,0" = 0.95,v, = 50,y =
0.3,v =300}, {a = 3,8 =4, p=0.01, MaxAnt =
40, MaxIter = 10}.

3.2 PETE

3.2.1 ISR

B S T R YD T NI B 4 X 311 52 B b 3
o7 BRI 9 T SR AE . M S 2 4 R A B i
BRI 0 8 R R A bR &R, A3 3 6 AN/
S DRl Z SR AR, TE AN IR /N R TR X3
BEATLAE AR s R o AR bR, DAY 78 s 56 K. o 1
SR HCNE L 11 AN SR, R A 3.1 T ) 3 Fl
ANFSH E AT IR, R LR H] 23 AN,
f49 “N-Daly” . Horb: N ASEHIES], 2 TN
S A, v ik S

3 0 HIER T T ACO-AVNS (RS B K
X EEFE H Gurobi P 75325 3K i 5 1 4 S 491 (1)
BVRAR . CPU B[R] f 2 U 7 6 v I B AR 0 DA

®3 PR BINEGRELEE

ACO-AVNS ACO-AVNS

Gurobi Gurobi

S ZHRE A/ 10? CPUHH s HRA102 CPUHH i AT H W& AR Gap'/%
A 302.52 4.11 302.52 5.89s 2 0.00
1-D2I5* B 217.63 2.75 217.63 0.36s 1 0.00
C 355.02 3.21 355.02 7.41s 2 0.00
A 290.21 3.14 290.21 3.94s 2 0.00
2-D2I5 B 220.06 2.39 220.06 042s 1 0.00
C 355.21 3.12 355.21 232s 2 0.00
A 412.09 7.09 412.09 997h 3 0.00
3-D2I7* B 193.90 3.43 193.90 24.56s 1 0.00
C 412.77 6.20 412.77° 10h 3 0.00
A 443.37 5.29 443.37 1036.33 s 3 0.00
4-D217 B 319.80 4.96 319.80 269193 s 2 0.00
C 508.37 5.96 508.37 829.53 s 3 0.00
A 281.93 4.68 281.93° 10h 2 0.00
5-D318* B 179.53 3.64 179.53 38.36s 1 0.00
C 311.93 4.48 311.93° 10h 2 0.00
A 573.82 5.94 573.82 2.82h 4 0.00
6-D3I8 B 337.48 4.56 337.48° 10h 2 0.00
C 611.32 5.52 611.32 6898.65 s 4 0.00
A 426.80 4.50 426.80 3.88h 3 0.00
7-DA4I7* B 301.00 4.46 301.00 3.12h 2 0.00
C 471.80 4.59 471.80 8580.58 s 3 0.00
8-D5I8* A 579.34 6.86 579.34° 10h 4 0.00
9-D6I9* A 462.07 5.90 462.07" 10h 3 0.00
a R A YD S gk 17 37 357 BT 22 S 51451
b SRAREHIZAT 10 hah R R gt R
c JB R ASILIICPUR [ IS AT 10 ) i i)
d Gap(%) — Cost(ACO — AVNS) — Cost(Gurobi) < 100%

Cost(Gurobi)




3260

F40%

NP A 22 B R R AR R I 2 P A
FE— e BEHLIE, PRIk, A~ S 3504 F B 8 Hh B0
HAT T 10 YR A
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TE A SE) h ah 252 it 1 5 305t 2 A [R] R A b 4h,
X AN ) FASE AN 2 $0 e B 5261, Gurobi (1 5
Vi) 52 00 M R s, LI TR R N LD B A e
F RN AN S I PRI [R)ZE B T (SR 1 T R 2
o RS BT e R 1R B FH 37 st i 29 A B2, B
Rt ACO-AVNS HVEAE FT A W S8 45 Hh 35 30 Y
R H R E B, 1B AT I TG 4% HI7E 8 s AP,

Kl 2 Sl 7-DAT-ZH O IR R as 8, Horp il
3 75 SR B v 10O et (R I) 49 B 42 2 R AR 3 LR AR
%5 I S 7 SR AR 3 SR, R R AN 3 U A LR R
71 FEE AR 2 B PR A7 K P ML{0.6, 0.0} 1K 22 {0.2,
0.0}, AT A RCR FH M 4% 2 .
3.2.2  KUBELHISHT

VA B AE SEBR 3% s R S A M, AR SO
Kb 7 (AR I Sk 5t X B I J] s b [X A R T R,
08 AR 2 AT AR A M SR DA S Bk 2R 1. M v 1t [
R T XA 121 AN BT R A 26 FE AR, £

kot W 6 0LV N L ol L S
1 [D3-17-13-15-D3] 0.2 | 24.36
2 |D4-17-16-D4 0 24.62
3 |DI-I2-11-14-DI] 0.4

= {F1 =i§F2 = ER3
Mk @S (S AN

E2 EESLE] 7-DAT- 2B C LR TEE

92 AN IKHE AT 29 AN TE AN LIE M.

X F- 1% R FUBE S48, K 7 oR i 4% Gurobi 76 7 %
(1710 h P9 AR BEIRAHAT ] AT AT . SR B0 IF BT 28 H B0
Ik fE, 245 SCR ACO-AVNS SEBEAT 1 71 Rl SZ 56,
535 ACO Fll AVNS BUBHSR fift (1 25 SEXT EE. SRk
3 M SHECE, B TIEAT 20 1K, 45 R WE 4 fr
. Hoi: AR A TG, IR s

28.08

T4 HMSIALEREEE
ZHA ZH B ZHC

, oZED A &5 PN BER PR PN oZE D A &5 I

% — — V3413247 s (1] / _ - V15135 AT I ] /s = i - $4)3Z 4T IS TR)/
HmE e SPRAB AT I ]/ KR AT SPYIBATI A]/s K AT SEAAB AT )/
ACO 37.07 37.42 3.53 24.13 2435 3.52 51.95 53.51 3.66
AVNS 36.77 38.1 12.92 21.61 2239 11.5 46.62 49.03 18.19
ACO-AVNS 30.76 32.16 28.61 21.04 21.62 29.72 40.75 42.03 30.46

% 4 45 R F W ACO-AVNS 7E B A3 A A7 1)
AT H T ACO 5 AVNS FSR AR )45 8, It
HEESHC Y, KR SAE ACO 4
AR T 21.6% F1 21.5%. RE& ACO-AVNS “F1iz
ATHT (A1 Z950 30 s, B AR R IENE K, (E 2 MR 1) i i
AFRE RS R E. XMILFHIET ACO 5 AVNS 1)
FEMER: ACO @it 4/ 5 B &5 S, #Mt T AVNS
DRI 4 At Jo £ 5 B B0 3005 17T AVNS Jd it 5 5& R (1)
AR, B ACO Bk i fife 2 1] Hh (1) JRy i de .

3.3 REEIMT
3.3.1  EEMBERAAT [A] 5 BAL ISR ER O R BlAS

AT HEAT RBUE 53 #r, CLVPAs T8 AL H i B2 AT
N [ A0 BT 4 S TR RS T R G PR RE (1 82
T 56, VAo A ML S BT (8] T, A T R 4t
s, I 2 3 /NS Y SR AE R e WL, 2
B BHKT, 8T 1465, BARRKEE, ER

% 1524.19% ~ 52.95%. B 3 AT, M 30 min i 1
£ 60 min I, el BAS FER A2 208 (1 AR A 3% S
BT IS, 76 S B AR BEE T AT 20 I3k
SIS SIS A5 AR W, BE A LU TR 3G I, R
AP I IR .

WAL, o M AL R AR R O R R R T R 4
FRAS 50, S 3 O 1% A G I A GE(E 1 6 f5.
3G R IR, AN RS 1 e R A B i S L R
0.16% ~ 22.40%. HASER M, 524 3-D217 X
T 0.16% Mg Nk, 1X 3= 215 55 T Akl
KRS RIS AAG T W45 BEUR 0 4 B, A Rl T &R
G EAE A ETE. B 4 B T R SR
AN AR BT T AN [F] U I BUBFE .

3.3.2 TR

AT @ I X L VS AR R TR SRR 3 5, VP
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