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A novel modified search and rescue optimization algorithm based on
reinforcement learning for UAV path planning

ZHOU Wen-juan', ZHANG Chao-qun**', TANG Wei-dong*, YI Yun-heng', LIU Wen-wu*, QIN Wei-dong*

(1. College of Artificial Intelligence, Guangxi Minzu University, Nanning 530006, China; 2. Guangxi Key Laboratory
of Hybrid Computation and IC Design Analysis, Nanning 530006, China)

Abstract: The search and rescue optimization algorithm (SAR) proposed in 2020 is a meta-heuristic optimization
algorithm. It simulates the search and rescue behavior, which is used to solve constrained engineering optimization
problems. However, the SAR has slow convergence and its individuals can not adaptively select operations. A modifed
version of the SAR based on reinforcement learning, namely RLSAR, is proposed, which redesigns the local search and
global search of the SAR, and adds path adjustment operation. The asynchronous advanced actor critic algorithm (A3C)
is used to train the reinforcement learning model so that the SAR individuals acquire the ability to adaptively select
operators. All agents are trained in a dynamic environment in which the number, location and size of threat areas are
randomly generated, and then exploratory experiments are conducted on the trained model from three aspects: The
contribution of each action, the path length planned under different threat areas, and the execution sequence of each
individual. The results show that the RLSAR has higher convergence speed than the standard SAR, the differential
evolution algorithm and the squirrel search algorithm. Furthermore, it can successfully plan a more economical, safe
and effective feasible path for an unmanned aerial vehicle (UAV) in a randomly generated three-dimensional dynamic
environment, which shows that the proposed algorithm can serve as an effective path planning method for UAVs.
Keywords: reinforcement learning; search and rescue optimization algorithm; asynchronous advantage actor-critic
algorithm; path planning; path adjustment; unmanned aerial vehicle
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A LAV TE AW AR F R 1] 8, {H 2, X SR
RS AT AT . BEE DA U K R BE R e AR
A 87 1B RFSUING AR 2y A AP NEF S EY W
SRV RN AR ARAR A SRR S5 A g g 2 Hh, 1K BL B e
VL2 N T B AR R e U215 R AR A AR
VT A AR DL T) B AR A2 IR 1 7 AT A0, A4
—JE R B, L, PR P9 IR AR X i DURR i 1Y
IR A B AT BB X PR SRS A 7 o B A
SN PSS SE AWRN ol i R 5 = B Ay = o
+, AT R 1] 1 B 1 e

= AR AL 1k 5 7% (search  and  rescue
optimization algorithm, SAR) f& Shabani %1% 2020
R I —Fh oo B R AR AR, R TR )
ZYAAAL 1] R SAR 52 N A RO 20 1) 45 2R SR 1
Ja K I RN ST A AR TR B 1R
AL B BORAS NP By N1, 5738 R EAT )= 6
R, J5#H KT 2RISR AR BT 5
R Tt E K AL AR H, SAR AR A 5 H AN A
B] o r B Ok AR B8 5 5, X Bl A AL BAR R A R
T T S T SEBHAS B N Jm 0 e 0 S5 R AL 2E
UAV [ ER A2 I AR DA F L SR, & A e 1
1264 R AR N ), B SV AR A A AR AR IE AR
P AR T b R A S T ) TR 3 S SR

4k 2% 3] (reinforcement learning, RL) /& M 2%
ST A5 3T AN R T B A o) R, R AR A 2T 1)
A2 B BEAA (agent) (1) “ IS A1 SE B, LB A
R VE A PR A 4R AT 3D, AT 3R A5 5 2 1 2 U8
KT T N5 2 R Bt I g i DA
ke, AR A7 KR RT3 AT ) L 15 B8R ok Bk 22 (1) 8
. an AVEEMVSE T — B ol 22 I il B R
MRz B 378 f A RIB R, R it T R 24
29 IR 22 il BR KR $5 3 A ) 2B AE, A A5 H
bl At 2% 45 0 R VR 7 5 R T Ry, FL A R R A
1%; Gismondi ROV AE 7T [ SRBAL R RE B ML A8 N IR
A T R, I 368 I 5 A 2 o R4 ) Bk G 2 2k G il
B QuiFRU S 7 — MR T omAL 5 ) M BRI B
TERAMRTC NHUAE ST AR IAEE TS 1 B84 K 7] 7.

TR SAR AR A BE AR I Bl IR S B & M
iy 3% 98 B 10 [ L, R — MR T s AL 2 ST A R
KR 5715 (reinforcement learning-based search and
rescue optimization algorithm, RLSAR), ¥ SAR 1]
AMRAE Dy s AL 5 SR B AR, AN B U AR PR
55, K H 5520 4 35 8 02 9F 18 X 592 (asynchronous
advantaged actor-critic algorithm, A3C)?21)I| Zx5m k.2~

>IN 435 G SAR AN i B4 A, B xRN B e A
WHE R R 2R R AR T3 P lE, B
— MR & Z R T R AL ) B AY, [ 15 SAR 1
B 47 LR v AT 8 b R AN A 3 8 R A, AT 2 T
SAR [¥)BEAARPEBE.
1 #5#ESAR

SAR/EH 2k F2 H, F AR 51 LACER « FRA7 AN EE
MR T REAMAR. SAR [FI R 17 3% N 51
(M) METHI M B X A FERME M, T
TR, B2 SAR LA VL B B B4 55 R C. M
X FEREANAMARTE 2R B 352 B, B

X1 ... Xip

o _ N1 ND | )
M My ... Mip
Mni ... Myp

Hor: N ORI B R AN 3, D ) ) 4E 3
Xyt NN AN RAE 14 BAE B, Mip N
F1MERAN AR FHEARTE DR ERE L.

SAR AL SV B 4 2 B B (social phase) fTA™
N Bt (individual phase) 1> 2 (1 5. 1 # il i
#1222 (social effect) 122U SE K4zl R R 5
2 JR A R T, )5 R 5T R A R, AR AN AR
BARR 7 RIE T LR C R TR
1.1 LM

FEA RN A BEHLIE I — 2R, O I 4
R LU I i A7 B P 2 2= T B ) ] 8 ok B R 4 2 A
AT, 750, 8 R G 2w B BT, MARTEA
2 B T R

, {U+7'1><(Xij0kj), r9 < SEorj = j,;
Xl =

Xij, otherwise.

U:{Cmf@wéﬂ&%

X;j, otherwise.
i,k=1,2,...,N, j=1,2,...,D. 2)

o X N TR 5 AN BT R 5
Y (01 U RO £ AREREG Oy R kA
2R 2R 5 AR SCHR [17) 82 SE HL0.05, H.rg 52 [0, 1]
RS AT RIBEHLEL 5 KA T (L, D] I LKL,
EGHIE T X[ 5 X, B0 — A BRI AT
(1, 1) 1459 53 A5 (B BLEC T RN 5,y S B



% 4 JA AR % — AT a9 A T R4S 3) Bk SAR 89 L AMLIE 12 ALK 1205

1.2 MAMER

RN 51 LY B o S AT R w2 A
BEMLZE 2 I 22 M B T — IRIAE R J7 ) AT 3k PR
B S N ERON TR 7 B A IR U

X! =X;+73x (Cp — Cp). (3)

He kRm AT (1, 2N MBS H G #£ k #
m,rs NTEX[E] [0, 1] _EARMIBE A5 BT £
1.3 #HAELLE

F7 4> SAR AN A AE BT Iy L 2L S A 1 O, R
FOB 7 B AR R 2 (B b, W) 55 ZER I A AR g A T i A
AbFE . SAR F2HE T AN R MR BE AT Ab B

X, . ,
X/ — 2 ’
i.j X. . +1b,

2]2 ], )(7‘/77 <1b].
i=1,2,...,N,j=1,2,...,D. 4)

Horfruby b 73 55 948 28 25 8] v 5 5 4 o 1 fe K AR
Al /IMA.

I H I LT I A 0 SR SR 2 B A
HUBLE S AT A PEEAD 2 AT BT AL B I ACH BLAZ AL, 28
1117, FEFRTHE SAR [ BE BT S v, Ak 2 i Be A A A B B
BB AT, XA AT IZ AN RE DL 2 7
AT 4 SAR H 7 K B Bl HAT I8, 5
SAR 5 5t 57 > AR AR 45 15, A A Be At A 5T
SR HE SAR M Z) 1 .

2 B 5 A3C

SRALEE S E BB BRI PRET IR sifERR
JE . R Re A 5 IR BT A2 B 5 AR,
ARG 2] f— 2208 F ) 2 ST HE SR, W] B SR A v
TN TR BE 1 ) B AR SR FH A3C Ak 2% 3] R Y
Xt SAR AMABEAT Y 5, X 4% B0 ) o) A 2 1 45 3.1
W AR R BCE R AL

A3C MESEERI 2% 55 44« Critic PFAY 5 2157251l
2577 2 2 7 TH 4% FF 4 45 Actor-Critic 25 #) 1) P .
B 2 A AT IR, 4 2 AT R 45 7 1 8 e Ak )
I 7E X S IR AT IR BT R BT R 45 S 5L IR AT IN
BRI EL A T3, i 25 45 440 1) 25 55000 7 52 31 | 5 g 312
ASHE ARG T3, DRI LA AR, $E =
IR S .
3 RLSAR
3.1 HEFRA
3.1 HEEEMEA

E 482 25 6] T S S 401 P 1 o (1 B 5 R AR
A - 2

2) 4 R A X T8 AL 22 A= A 5 T (1 ) Ak il 5
DNERIR B X, 2476 A LI 3 — B a2 48 5 g oy [X
I, J6 NATL %2 4 52 21 By, 41 55 a2 11 1 00 R 1L Jik ) il
g

3) Ty AR kA B X O,y N EAR b = 1,
2, ..., K, K NSRBI IX A4

HHEE XY Z I BRI L W, H.
Hby ] DX 3 b AL B B R DX D, SRR AR R
(0,W/2,H/2), E riAebs Ay (L, W /2, H/2).

5) B 1% mi P; 9 SAR M A TE 1 ] A iy oK B 42
S 5N A AT R AR B L BR AR RN
R VGERET A, I8N {S, Py, Py, ..., Pp, EY, ¥ D
N SAR AR AN 7E = 4E3R 35, D x 34 SAR
OZNIEEES

1 REEE

3.1.2 RYrE%

BT AHL LA E F T BERAT, HANE 82 <l
71, FEUAV AT IERE R, %5 & To AHLAI IR AR A1
A, H UAV BIREL A Croe 15 UAV BT K
AL EE, AT T S5

D
Crua = Y _ 1, (5)
j=1

Hrp 1, NS P 5 P IR B,
YRR B AR 2R B B X, 5N B
/ﬁl\ lzl ﬁz Cthreat’ ﬁ

D K
Cthreat = Z Z l;',k;ﬂ (6)

j=1 k=1
b1 N B P, P kAR R I K
FETC NHLERAE R o, 1] @ i 04K H A /M
C’fmsl L:j Cthreat ‘Z%D, ifﬂ 'é‘ﬁizlg Ctotal %1&9 EI—J
min C’tcotatl = C(fucl + C"thrcat- (7)

3.2 RLSARHIZEH

JITH H RLSAR #4445 4 4 14 2 i 7. #£ RLSAR
ZERY R, A2C RN 2 T HIZEE N 201, B 2 H
Ho B4 E 43 5] 9 32 K1 16. A2C W 2% i Hi A T4 1)
Actor W 2% i tH I B E B2 & A, 4 15 2 Action 1A 5K



1206 = # 5 X R %39%

(PN 3); 2) Critic % 2% X T Actor W 2% [ PPN E O, 4E & W, SR AR O AN T R B AT AT B L L
A1, pj= Szt om (8)
MR PS5 R Pp RS AR EBENLE I AN 5Py q
ACIH HPy ¢y, Bl — Ao ) B 42 5 P, 25 P 1 N T
D, D) iy 2 (8) H B R B A% v ) Py A2 S N PR AT
IR Py RUB Py s BR AR B0 5, 38 f KAT I

sarm | ][] [x L bR AT 25
) 3.5 REhigit

IR rosern [0 gy AER 2 54T 55 o, T RAOSRIRE T 2
A BOCHE EN R, R se AR A

2 RLSARHBIZH)

RLSAR FBEANA 14T 8 S0 15 3] — > A2C
2R, BEAS AKX R o H A A AN )
N A2C M 2, SR JE i Actor I 45 25 H K1 B
SR BT M PAT FE 2 B B AN AP B AR T B
AT J5 , AN B — A 10 AT AT A, i B PR B3 06 X A
FIAT A HEAT RAT BRAS Cora IO TH 5 LUFI W7 32 i L. [F]
i}, Critic (Y £& %y o X5 Actor B REAY, iX — PEANE 5 52
R 2l dEAT W b DA SR 28 437 2K, AR 5 P S ) A%
FEAE B, TR HE M 24 240

N SOK RN IA RLSAR HH IR ZS B B &
A K2 il R L
3.3 HKEKRE

T ARUE SR AL 2 2] I 25 H I 285 B &2 A0 R
Hiy P PR B0 T SAR AN 2 AR 1Y, B X ) 25
AT B A BEATL AR G, B BEAAR (SAR M 1) B AN M)
38 3o LI SAR AN B IR A SR 4 W AN BEAT ) 24T M.
B R ARRT AR UL 43 3 AN EB 732 1) SAR T
AL G ET AN AR X 67 B 2) SAR BT A NMA R H
b bR B 5 24 BT AR 9 22 1) & 3) SAR 4 i & 1
(RIEARIE S e REARIREL ) L.

3.4 hFRE
341 REFEERSERER

SAR [ # 2 Br Bt f1 51 JA &6 # &R (local
exploration), J i 3R B [F A£AMA 145 B R BB 4 m
K SAR [ A~ AN By B fi 57 4 J& 4% K (global
exploration), 1 i 1% BUAT &= 5 N AR AE 2 T il— A
ahm &, 51 S AME T 5. RLSAR R B
P, 73 5AE N RLSAR ) J& i 4 R E M4 /[ &R
Hr.

342 HRIRE

TNWAE AT 2F 2 RS, SER G RIS
i, 32 A 06 AR RL R R W SCHR [23] HR B TR AR
SEE T AR T — st 4% )8 % (adjustment) 5

RTERM T & B B3R THAT B 1 (R 3 255 Fe 4 Ry d
e R 4%, R 78 5 0 A B A VO R R AT 4 SR AR R, A
BRI BIRAL, 58 B4 B A B I 1 SR 30
R, P SAR FZ (120 i 4. S 1 BB o
S ARSI T 42 R A DR T A Rt H AR
{8 22 86 34N 7 TV EAT AMAAT B ARIAN AR 2 B

TENZRd R b, B Re iR 30 Ja A B AR T8 3)
AT, TR e A 2= 15 31 2 Jah; 75 00, 22 52 345 11 CR i A
B, X 22 Jah B B 73 R A 0kt S B R A A5 2
B R AL T AT TG PR R BOAE B, AT JC 72245 20 58 4 11
W grgh
351 MERF

¥ 55 A SRR B A0 JE 1 B AR R EUE 5 e
FOX0) R F(XT). 35 f(XG) < f(X]), MBI R AR 50
Je WA AU, R Re A S A3 3 — A — 1 2 eh; 15,
P8R 252l

/ 1
Ry = [f(X;) — f(X])] x Fo— fu N ©

ot Ry AR ZR A, fo AT R ZE AR H
b R HUH, £ 9200 4 R s LA B H b iR BUE, N
N R HUR.

BRA, e BNk T 300 DARE S B R AL i i
1, BB AZ I ST UK R R B A T R BT 51 R AMARAE
1 S Jo L %) 2 1) o 38 2 B AR A ol R 7 20 il
Z A VUM, 5 AT A R B U 2 1 e
B N Jo B o D18 A MR 3. S A A i 9T AT B A T 28, U
F IR 2O H AT 1 4T

80—t ip oo
-3 X ——, HEAWEH t < 80;
Ry = 80 (10)
0, otherwise.

Hodr: Ry R BEAR AT B A5 1R BE A A2 B 1 48 11, ¢
R AR AT IEAR RS
352 EREMESRA

ERTETE B E AR T A R AR, B 4 R B R
TN fr, W4 JR R AR D 3R T 22 il Ry #2882t



% 4 JA AR % — AT a9 A T R4S 3) Bk SAR 89 L AMLIE 12 ALK 1207

8

Ry = (fy— £) % 1 (n
353 2RAS EIFE2E

4 R R A U S 5
BB ) 22 B35 Ry

Ri=(F = i) x 5 X 7— (12)

Hor: T NERIERREL, FN— A BRI 7 35
(1) B b bR HUA.
Xt AR R e LR
R=(Ry+ Ry) x 0.5+ Rs + Ry. (13)
3.6 HEERESH
MR B 1T 4 B 3l A 122050, 73 HT SAR AT RLSAR
(152 4% B, B SR [16] TT 1, SAR FTH 5 & J% i 2 22

HIER R B T AMEECE N BL R YERE D R R, BN
O(SAR)=0O(T; x N x D).

RLSAR ¥ 5 2% FE 43 81 43 4 I 5 oF R F 5 38 75
FENGRid A2 o, B B A 1 B RS ARIRECN To, F2I1 25
E [E1 4, Bt J5 1 SAR 7E A [ & 35 kAT — IR 58 2
AR L, A5 B ZR 2 A% B 0 O(RLSAR) =
O(E x Ty x N x D).

FE TR S B 10] RIS, 38 A8 FH I R 2 ) A 2R gk
AT, TERS AR A I FE rh, ASC 25 THR B R BN
O(1), A B A TH R B AR 2N O(1), HRLSAR 4
Py (& 3 Fr %) 7] %0, RLSAR ()i % & 4% & 4 SAR
T A3CIE% T 5 AR TR B R E T R
ZH1: O(RLSAR)=0O(SAR)+O(1)+O(1)=0O(SAR)
=O(Ty x Nx D), 5 SAR [{Ji+ 55 24 FE [ B,

240 40}
2201 4t
2200 =5l 20
180} o O,
NGl L R =
%160 ;52 Z 00 O
140} Bl -7.5}
120} -40 >0}
100}, . ' ) . . OF, . . ) . ) ) ) 05 10
0 2 4 6 8 10 0 2 6 8 10 0 2 4 6 8 10
IgRxkE10° IR RH10° W KE 10°
(a) BRIRKSE (b) KA (c) Wz

length results of all processes
average length of all processes
sliding average length

loss results of all processes
average loss of all processes
sliding average loss

reward results of all processes
average reward of all processes
sliding average reward

3 RLSARIZE

4 SEWEERSH
4.1 BESEILEMMEREIER

Shabani 2516 7E 32 Hi AR #E SAR J&, 7353l FH 13 4N 2
HEL R BRI AL 10 4E. 30 4Ef 18 Nl T R A R
HAHOI B, 1 T AR BE (PRI M 20, J5 &
AMAEBRE 3 BN 250 40,4 SAR ML IEAT, TH bR
2. TS5 TR T 0, 76 = 4E PR BT @ A AN
B 5, 15 20 5 B A AR AL 1) 45 5, DR D b e R A
22 RSB SR AR RS B2, (ELR, P AR A B — B &
Hoh R O mFasE, B0, R g BOR 2 A
RKEAE A BA &, S 39 0 v A

9 7 Wk RLSAR [ 4 &g, 43 il £ A} RLSAR.
SAR. Zri#k{bH % (differential evolution, DE)?4 Al
FA BR A8 2 575 (squirrel search algorithm, SSA)Z3 3K i
AR FR ) & EE A R I S B R 1 s, H
H S 2R R ) ) B LR B A 100, TE A ML A2 )
H AR AR [ B AR AE RN 100, T B X 3520 59 A7 T8
RN, BRI ~ N(25,13) 1 IEZ 2040, B
X B AE (X 5] [4, 8] BEALA: K.

*1 BEMBERNSHERE

EA)S ZH S B
pop TR/ 8
SAR/RLSAR
T W e KIEAR IR AL 300
DE pop FHEERN 8
diff strategy oy Kl rand/1
SSA pop FHEER AN 20
L KE 100
w Wi 100
H i 100
Hh Dy YERE 3
D TR 4EFE 24
K T X H 4~8
N RS (& 8
learning rate P 107*
action num e E 3
E VIES - oNEREy 10 000
YIZR F H r i LAE 100
l IR 100
Ty IRt RIEARIKEL 100
processes LR 4
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42 LWERD
4.2.1 RLSAREZEIYIZREFR

# RLSAR #: 74 & F 16 GB RAM. Intel Core i7
10700 2.90 GHz CPU. Windows 11 &2 A\ iH5
HU_E Y25, 5 B & 34 5% /& PyCharm, Python 3.7. 1%
RN ZRas R 3 .

3, R J R 3 AN 43 5 R 4 A 2R FE I 2k
8 T Bt 26 L TS8R R SRR 0 Vi BT 2 £,
Pl 3(a) 7 B RLSAR M K1) 1) % 42 K i f X R2 B 7E 115
Je A B 3(b) s 40 K B AU (loss) i 28 T A0 ; B
3(c) S [l ik bR U 1 AR A A, 7612 B TBOR B
AT DAY W, IR AE 7R 3 3h b BT IR T ARoe,
F ] RLSAR B [ )l ik #2023 24, RLSAR L 4%
T HFIEFPATH B RE
422 BEMREE

F2 B AR A 1 3 A EH T A SR S48, % 4
PR RR 0 B A2 45

2 3INMLFHEZHMXROLIMEE

S Ak paes
(32,55,43) 27
1 (50,43, 48) 15
(77,28, 46) 21
(42,46,43) 18
(20,26,47) 20
2 (80,69, 46) 12
(77,33,45) 19
(21,73,43) 16
(41,52,39) 20
(33,26,27) 18
(83,64, 50) 16
3 (63,76,41) 16
(77,33,45) 14
(24,77,44) 20
(43,52,43) 17

B B8 A2 35K 3 IR B A 2R 0 AT . T
TRAT A () 3N o B I M O 8, K HH ) B AR ] R
AEAE R B 3 B9 05, 3 IR B AR Sk 2 81 15 i i
B5EHT & AR 20 K. OSSP (2, vi, 20) S5
Pi1(Tis1, Yiv1, zivr) AVEIREBS 1 /N T[] 58 15 1p B,

KT A # 5
wéz%, w=T,Yy, 2. (14)

Hw] A5 P A& 46 E I ARFRE. P (2,
Yl 20) NS A AR T AL AR i A A, B Ip = 15.
TRAL B J5, IH 3 845 B A 10 2 /N5 A PR Py,
AT P IS A2 .

Kl 4(a) J9 4 P BLIEAE ST 1 R R AR LRI 25 S
HH &l 4(a) 7] UL: RLSAR KRt 1 8% 2 K FE B 240 T
FoAR 3P, i i L% DEFISAR #6318k

(8% A%, BAR SSAE A 17 20 N MARRHAT LRI, (B2, 3
USRI 84NN RLSAR. & 4(b) A5 2 (1)
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