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Abstract: To address the issues of hull damage, sinking, and
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personnel entrapment caused by ship collision accidents, a
path planning method for ship engine room rescue robots
based on an improved ant colony algorithm was proposed. Ai-
ming at the problems of low search efficiency and slow conver-
gence speed of traditional ant colony algorithm in path plan-
ning, the heuristic function and pheromone update were im-
proved. Firstly, an adaptive iterative weighting factor coupled
with a local obstacle density correction term was introduced to
mitigate the low search efficiency prevalent in the algorithm’ s
initial stages. Secondly, pheromone reinforcement was strate-
gically applied to the optimal path, while appropriate phero-
mone diminution was executed on suboptimal paths following
each iteration, thereby suppressing the detrimental influence
of inferior routes. Thirdly, adaptive parameters were intro-
duced to enable the algorithm to assign different weights to the
global optimal, iterative optimal, and worst paths at different
iteration stages, thereby enhancing the convergence and ro-
bustness of the algorithm. Through the above improvements,
the algorithm has achieved an optimization transformation from
relying solely on distance and pheromone concentration to
comprehensively considering target point gravity, obstacle re-
jection, local environment complexity, and adaptive search
strategies. Experimental results show that the improved algo-
rithm shortens the path by 10 % compared with the traditional
algorithm, redundant turning nodes are reduced by 65%, and
the number of iterations is reduced by 96.4%. The validation
in real ship cabin scenarios further demonstrates that the pro-
posed method significantly reduces detours and redundant
turning points in path planning, accelerating convergence

speed and effectively avoiding local optimum traps, thereby
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realizing more efficient and stable path search in complex en-
vironments.
Key words: ship engine room; rescue robots; path planning;

improved ant colony algorithm

0 5 =

BEARPLAR 28 R S i, anfal e SR 2 Bk AE &
B () P PR DR s RG] 4 22 4 T A7 ) SR B
1 N S AR R RERROR AR N R A & A B
BREEMEXL,

FERS BIHLAR NG, B AR R 5 vk — A
BHERERMEN ) E RS T A I 5k
AT T RKEBESE, s e 5k R PR
A Dijkstra 8L N T I EY K&
DWA Bk 5 SR, 7R APLAR X S 53 1] 52
R ET AP N R ST PN AR E 7S e S o Y £
SR M SIOER JE  JRE E E ) B T T T A
AT,

WSS R Maniezzo' ' 2 BYFE T AR 11
Ja RN, DGR S WA E B Y S
Bz kP R AR R RE o, gl Iz N T
PEAR I U, WA RIOR A e L B AR IR) L, W
TEE AR R S B B R LAE R
ZH. PR A X R AR RE AL N
BEAR RS AL TR A R

USRS A AR R R AR B
M ABEAEZ B TR 2 a8, XF i, &2
A 2535 AR AR BT AT T ekt 7ER K RE
BB T, [ N A3 5 A Gt iU 3R A
VIR EIBON 5 K A7 B 51 SRS 2 Y 0] 42 1
T 2R i, Huo 450K BRAR IR B T I
SR FETT RIS & REL, A R is B2
AR AL B AR B B, 1 AR SR LA 8 R
W, I 51 BN T & R AR, R T B4 R
JrmbE, AR TR R RACE, A
SRR T I I & PR R, (R TR Y A SR
MUS 2T, DT A R0k T 5 A A R
oo TERLEERN b, 51 ARTPE 5041 s AL, DA
JE WA R RAE S, Cui 2B BRI IR &
BU, s s ) B A £ 7 1 5 R Bt 1A
P4 R R AR, Wu ZEUO M T A & R

PR, 25 A R A K SR A b AT S
LA, LIS/ 818 OB ST B AR R, R
BT T WOk A R ROR (HAE R
Yy AR H  SX BT AIAF AR JE

FEIn &G BT L G B RS S
SR 4 S i) MU Bk A WA B S 9 R e
P, B EAENT B ARG BUE B R R
IR IR, AL S 5] S5 B R i SE Rk _EmA
THESME B Z, LB 1R i o R, SR
U BB AR AR e X SO TS R R R 1 B
WS, He AR B [ 3 N R R ML A A TR R
1], 35 18 24 % TR e — Ik R BB 25 T 8 LR T
HWRCR  SHRAC AT R LA 5 £
Liu Z50 42 04 7 MAX-MIN {5 B Z 450508 | i 3
A B E 0 SR D R B AL S R
AT v T I A e 4, T s S 31 ) 3 000 I i 42
B, AT IR B A e SAC B, A 00 B 1
IR PR, X SR AR R R (R BRI
SRR EA RIS 8 1 AR ) BE MR BB &
RISIEATBHAS L, A AT T WO Bk i 8k
PERE S R RS, (AR = % o gl
BB BT e BRI AL

E 6 4 0 AR SR W T, Ay 488 T K B A% ) o
T RERIATSEME W 9T N D17 B A2 5 Ak B % R At R
w AR T 2 vk, tRIESE LA
25 A T Al BRI R AR B R R
28 AL A D 101 o3 PR AT [ B, 4 iy A A
AR TR W TE 5 2 U /D TE AT [ 3 H AR S 1) 7 S
T AR R ZR 1 7 ) AT R JE . Zhou %517 3T W
5 b PR AR | M VR s A A 31 10 e P B A2 1 K, i
D3 AT A, SR FH L PTG I 9 3 e iz
AR T R AR AT B B 42 U A I A
FF AL AR

U B 5 16 A0 K 40T %o R v
17 Z ekt , (AR XS B AR ALAG RO ML oS A
FERRIN T AT 1 e i 2 4 | 2 B AR 4 80 S S
SR fr S OGN A, AR SCHE WSO B VR AE B 9 M
KAG BT 5 B HH R 0 S R AL 8 4 4
T3 AT T AR PESE BTG T .

(1) B X AL AG PR 45 o e i 4 25 4 | Jmy i 25 (1]
=R Y SR SN R G PN SR R
W FEAS IR0 5 A HE R AL, 9F45 5 7 0 M g IE



%1

FSE A TSR R 0 A AR PLAL FFE AL 5B A AR HLK) 89

5 HART 7500, A 05 A 48 i A o RE A T gl ik
T iy 8 4 DX 3, A0 B AR R AR IX 5 TE A S8 A 7
AR, I ITTHR TH S 2R AT T B R RE T

(2) S XTI Y B 22\ 5y 77 e 2 2R S A B AR
R TR) AL, 38 o A A B 3R SR B B 2 R A B A |
AR BE AR M R 22 B A% S 2 S AR A SR 5L
il AL DL AR A 25 B A, B YRR
AR Z AR BB 22 5%, 51 WU AE 22 0 215 4,
AR SR AR LR T5 1) D AR R o

(3) B RARAT: 55 X i A2 AL 92 A 25K v
FRTRIEE, 51 B & R AU 5 3 545 B R 1
M, SEAEAE AL R PR R IR R BE ), 1R
PR 1] e DL AR WS, I 45 5 AR AL BRI AR
T35 TUAR Y R 5 AT A, M AE DRAIE I A2 St
Ul C TR LSS WY eoha iR [T

1 FERE

FEMSCRE S rh A T2 — i FH A A 85
BJ7 3 TR WL N2 MSE g5, )
5 E B AL 20%20 ,30% 30 HFAES BREE LA KA
AAMLAS — 281 1 b ], L A LA S DA 4 3] 3K
Hbre , A B S B RAS

L 20x20 At A% Ho A4, el 1 s, X
S LA T I, 2B 0 R, AL BERY)
JIEXst L DX 35, 225 il 1 3R, o i b =X AT
AT AL 2 2 AR I RS S B A 3 A T 1) 32
VR FH 0 7 22 Tl ) 43S A B A 5 150 I A BT
(M%) , B sl A ZE W] A7 DX 38k Py i) J& AN 7
a1 %% 3l ( Bt 5 3 RSN o

| []

1 20x20 &b E
Fig.1 The grid map 20x20

2 RAEBHE E

2.1 REWBEEEEARRE
WO B 2 — iR A U5k el I TS0

W RE B AT O LS R A I B Al R A
SEOF G PR R, R R R BRI H AR
R MR R AR AACIR R T7 18], - Ry ik 5 4
SRR HEIAR e WORF R A IR
22 RAWEERRGRIA

TEAE GRS I £ T — A B AR I
W RIE AR EEERNUIENE, FER
W RE (S MR AR OC , Y 0, W TR A e 4
AR R R A

pi(r)= ”“y%mﬂ
Do T () 1(1)
S ph(e) FIBEL K R 0B E
HORES s, i i ) 2 W0 bR o,
HIEBRIE ; o B 5 H {5 B2 B F 9 F
U S (AT

P, A, KNSR T LT B RS
o4 B RO B P R O TS B AT %
ey

. k
ﬂ’JEQi (1)

n; = d_ (2)

e d, AR G Z E
158 3 K pR B LA R B 48 B AR AT, BEJC
R AR PR R 2 R R 5K, X o R N 2
AR A AR T o A=y 8 i O, 2 B0 1 5 Rl
S, HETTRZ 4 Ry B LA R ACR
Ao (1+1)=(1-0)o, (1)+ Ao, (1) (3

S w, () S i 5 2 WA ¢ 1

BRWE; o WERREKE L0 <o < 1

Aw (1) FZI 2T A EIAE AR (i,) R
B ERRE EXLH:

ho ()= 3 Ak (1) @

TE2E MRS s v, BN IS IR B R R

KFRWT .
0} ()= ®

o, Q WE B KT REG L, W ¢ MY
T A B B B K

P90 135 22 e M T o B 25 B
I 5 7 R R B A AT AR R



90 KEHBFRFFHR

%52 %

AN A R, T R E A A 2 i T i D e
3 RHBBEEE
3.1 BEREHI M

TEAL GRS b, 5 A eRBUURSE B s a5
MIBE B ., TCIRAT RO WL RS-0 1) 43 A7 R AE
HURAE B i 4 28 2 DXk, 0 iU o B A Sy i IR 85
FEGT LT RS IR, Rtk X e & UE R
PRAEIGEEA TR, 51T JRy B R 25 B A5 T, {HLAY
WA AT 2% A E, 15 2 DS ik 1 42 Jm 1
KEe 5 R stEnRe, Kk, #F—2L 5 A B iE
AR R -, S N A

(1) Jry S i A 4% 46 1 0

T J5y &8 B 15 2% BE 1 F yar,, (1), E S HH A
0 ] [l B A 1Y) % AR PR B A AR A I A
EREXEARRREE, Hrh, y G5 R
Me 8880, T oy, () X5 A5 B A 400 1] o
B, PRI HOE X exp( - ya,, (1)) SRR
BRE 1 5 WY A R AR TR B A 25 4R IX i (A
W | JE b ik BE i 1) syl 5 | 7 i s I B B

(2) H 3 W EAAE H 5

w(t) A H N A K-, R ARk kAR
SRR XS5 IE B SRR, How X0 .

t

_a)min)T_ (6)

X o, IR ER/IUEE; 0, 95 KAE

{6 ¢« R SRR T, MERKGEAUREL
AR ¢ B, (o) BUAEA, 50

FRZGEEW (1 = T,,) WK, 0(t) BUEK

o FEME T & S8, shaBI HbRsl s

BEATHERF Z 18] A4 LU T, AT S BRI A T2 4R

R XL B A B i A AR T 22 8] B A
e R A AR B R R R

(" [aGi2) )"

m, (t)= p

(1) =y, + (O

- exp(—yaobs (1)) 7

s my () BRS¢ YONAY kL 7 il 408
B R ARG d(,E) TR BT H AR
SLE R ; w9 B ARG | 1358 5 LA 7
TP I8 Kb 9 H AR 51 H K/ f, o B AR
FUG IR B AR, ) ARG [ JUPE ot o, —
5 d(i,E) B E S BRI &8O, 51 17 H]

A h=1/2(1 + cosh) NAEBIET, Hd, 6
R LLEFI A i A T, 15 ) E BRSO 1 5 48
Tl PR 7 1) 22 D ARSI £, 0 e (AR M 8 H
BT B, cosd B/, b R 22 B, S f
B LT 5] 1055
250 MR H AR 7 1) 4 B RS
FEREARET, m, (o) fHAE , AT A 205 |5 05 0 1) A I
ISR HE ; )2, Y e 3 A s i B B, m,(0)
(ELRAARG , i 000 iy 2223 oA 42
3.2 ERERERZRBEHMEH
LG WA 25 BRI R 2, 5 3
AR L E B R R BB AR
L, A, AR SCEE G — P IR T 2R A IR
MEhBME B R L SRS, (AIUKSEE &%
PEPAIAFAE— 8 SR R SR AN ) AR B, %o 4
JRifRe It AR IR P % i 25 I A 1) R 5 TR AR
RAFAEZES, LB sh G, FEMIANE
mr,
(1) hAs ALtk #5 & =i T HL
FIAAMIE R 5 R MR K 22 SR Ay
R, 05 B R M5 Kk 5 T 8T RE 05 Bh 25 I e s 42
P, HFAAR.
. 0 0
A@A0=kwf%m—kmmem ®)
APy Ly 2SR A i A R 3 1) e I
BB L, AT T I 3R 3 i K
PR K, K, 7390 R Ee AR e 25 B AR
(AR PR, FH 0 BRI B 2= 8 520
(2) AIE N AT S5
B H MR B Z AR
7, (t+1)=(1-p)z, (1)+ Az, (1)-Az, (1) (9)
e m,(0) W (i) FEEAC ¢ I ME B Rk
s p MERBFEHELERE (0 <p < 1), HHIFL
R AR L ER; Ars (1) RIERE B R E,
54 SR B B AR AR B R 1 B A0 2 ik AR A
AR B RS Ar;(0) AmE B FRH 5, 1T
SFZEAC 22 BAE A (B R AT S,
Aty (1) =a(t)Azd (1) + B(1)Az) (1)  (10)
AL ()=r()A5" () (D)
47 (i,) AR AT 2R R AR




%1

FSE A TSR R 0 A AR PLAL FFE AL 5B A AR HLK) 91

W A7 (1) = Q/L, (1) , W A7 (1) = 0347 (i)
H MR EERE W AT (1) = Q/Ly (1) , 5
W ATE(e) = 054 (i) Rz iR 22 B AR, T
ATy (1) = Q/L,, (1) , BN A7y’ (1) = 0;Q FIFEE
SR RE TR EEXE B R R
M Lol s Ly, (o) A G ATk AR & R L Eg A
K L, () FZE R RA B AR K L, () R
RN R ZE AR (1) B(1) oy (1) A
IEZEL, PR A R S A R BN o)
BEEACHEA T M 1S K, B AR IS I TR SR 4 Ry
AL ARG B R B, N e s, (1) 5
oo t) FREE AR, AT AE 2% A 0 U g K, LS il
XT3 A A 3% A O B S R A 7 s Ak, FS 0T DU A X6
/N LGS 4 SRy e DL A AL, oy (0) AT AR IR AR
SRV U PIR GE NI A Y S L PSS
MYAEST O f5 B R R TR AR Lok B HE AR T
TR R A
SO E RE R R R AN
w, (1+ 1)* :(1—0')0),.] (t)+Aa)I.j (t)+Aa); (1)(12)

K Aw; (1) FHET AR S R 22 e 22 5+
AR B 2R BB i, T 48 i SR 0 B A 1 R A
R

g5 b AR B R EHREE S 2 R m i E R
il 22 PR AR SR ] 22 S A AL B 3 o 1 [ 3 i 9 Ak
gt (JUHIE 42 R e A 5 2w e A ) | il ad t
(] TR ] 25 S iR bk e TR S R 7 1]
S50 FE NI S8 R AER W R R R AR R
P 5 30 0] S 3 SR PR B R i
3.3 R R IR Bt

Shy AR SR R VA4 2R R Y R BILE  F BR i
7 EIUART RO R B AR B AR SCRE T BE AR AR
R F-RRT™ 38 1 bl LR B 1) el — A i 4
BL I TR A AR ZE A A T BT A AL B S
PRAN Y A,

WE 2 Pros,a b PE B AR AT FHBE 2 ¢ B
e, B =SR] 0 S B I AR T
node2 X NTUAR T AT B AR . MAE A nodel JF
U MRS A 4] 4 B A2 rh AR AT T R ) I i 2 2 A
FETERERGY) A5 TCRREATH , ) B2 50 BR TUAR 19 A
AT B4R s 4 AP TE R AT, DO B 15 RO T AR Sk
B —T 4, HEHREZ4 5 node2, WK 3 Ar

7 AR B o 28 B A O -1 et R D
R EWEL,

nodel

node2

node3

B2 BEMLEREE
Fig.2 Path optimization principle

nodel

node?2
E3 ERERREML
Fig.3 Obstacle avoidance path optimization
3.4 HESR

O B BOREDL AL BE TR AR I IR 4 B, B AR
AHWT,

TR 1 ST AAS FR T RIAL A AR PIL G
iSRRI BHERY LN R TR Y 1<
WS S8 B e e S B sl i A bs, B ERA
BRI AR B (K) R 3 K (M) A5 B,
RZHT () JHEREHT(B) [R5 ERE LT
(p) FEHRZSEL

AR 2 PR BRARTY AT, WA B A A R
(1)) E AR BT — AT 5 K E i
TReR R RR T, R E K AR A B
ol R, A AR A M SR R

AR 390 SR R AR AR Y IR S S 0 R
I SRA YR GE A T B HAG W 17 2 B A 5 AR K
JEE, [RIRF T 53 DAL 31 A o B 2 LI I 0 Y
Boir JRK LIRS BAERH =R,

AR 4 HURE B R, MR RSB E
B , B 25 A A SR B AS  Be 2E
A2, LA B A 2 B AR b SO RS fcH =X (12) B3R



92 KEHBFRFFHR

%52 %

FERWE,

O NP A2 TSP LTI < & R RN
FRRIEAUA A2, i e LA s o 7 T s 2
SRR LT 2 EA T — R,

AIR 6 BRI, XA B A AR AT
AR 1R B A5 B ERAE

I

PR
SHnk

BB
RRLLIS R R
l WERBR P RR
R EAk FARA
B
BiEER }
RESTCaoy)
P
]
R
YK

B4 puARSERKEEREE
Fig.4 The flowchart of improved ant colony

optimization algorithm

4 L5 BT

SRy 5 U A OHE Bk T B A LR A AL
(6PN g 1 S T S Sy 1 W o VS 1 2
B R A B A ECEPE . AR SCHR] 2,20 ] 1 BRI
RS S 5, W WU M = 50, )5 & R BUH 7
B=2 EEEWHE Q=10,FEEHAT a=1,17
HEVEER T p=0.8, SRS =100, HAth
S S B, AMRITE 20x20 ,30x30 MG HLE
BUARHI A, 30151 | Gazebo {5 ELFREE H b A7 X L5256
fdiF MATLAB 445 5 T SC5 2y : NVIDIA
GeForceRTX 3080 # 37 { ,i5-13 1R 10 AL BEAS
4.1 20x20,30%x30 X bk 5236

(1)20x20 fj5 LI 5r Mg ik

Bl 5 o = Ak ny g2 K, mIE s Al
A, =R AT DA S AT R A R B R A
AT EEAR AL A s I 23R 28 (R &

PR MR B 2255, K 5(a) ~
5(d) s, AR IEE S R 1,

20 } 11

i

Hill
15

[
\
0 5 10

x/m 20
(a) FEG0NRE IR AL
205 1 ] 11
15
\EIO
=
5
1 1 1
0 5 10 15 20
x/m
(b) X EEBCHE S B AR R
205 I h¢ 11
-
0 o 10 15 20

x/m

(¢) COH GRS LR ML



%1

FSE A TSR R 0 A AR PLAL FFE AL 5B A AR HLK)

60
— JRUA W
X b RS
sof e B
=
I
& 40
Nal
3
S —
20 . | | |
0 20 40 60 80 100

ERIRE
(d) 20x20 B&AZR RIS St 2
Bl 5 20x20 HitgibEIxTLL SEUGLER

Fig.5 Comparative experimental results

in 20x20 grid map
1 20x20 A% 0 E X b SRL6 BidR

Tab.l Comparative experimental data in 20x20 grid map

Bk BRI BRBAKEmM BT
T GG S 51 30.275 18
SCHR[20] 592 26 28.493 9
BeLT e A7 S 3 27.626 6

1 1 AT 7E 20x20 A% 3 & | ket i
BRI B AR 27.626 m, AL GE il
FER T 5 SCHR [ 20 ] 303K 43 i 46 7 T 8.7 % Al
3.0 % ; NS BE A B R, hclk ORE B30 U
3 UCEEAR RIVAT 35 B8k, 1 4% S8 WOiE 357 5 S0k
[20 )34 5 28 51 R 26 kAR, ST &
FHEE , BCHE ORI AR B A3 s D T 94.1%
1 88.5% ; TEREHTIRBAG b I, et U SRR A%
GEWCRHESE 5 SR 20 ] B2 23 b 1766.6 901
33.3 %, HEZREN, SR A R K
JE WSS e B T B T A B E ST
BARFAEGE D S0k [20] 5k,

(2)30x30 i ELIREE AT B iE

Syt B M SRR A N R AR T Y
& FE, 7E 30x30 1Y & A2 B I R0 HLSL 5
RS  SCHR[ 20 ] B30 ik A e B 1k 1) S P I 4%
B AR 6(a) ~6(d) iR, =R s n H
T EZER IR 2,

20 =

y/m
|

x/m

(a) TGS IR AR LR

30
[T

1
|

20

y/m

x/m

30 u 15?

w

0

20 1

y/m
l I
Sun R

10+ | hﬁ

NN

|
[ 1 [T11

0 10 20
x/m

(c) BUBORE IR AR AL

30



94 KEBFRFFR

%52 %

100
— AR B
X B OB BV
oh E&l&ﬁb(ﬁ?ﬁ{i‘:
g
o
W 60f
B
400
20 : ‘ ‘ '
0 20 40 60 80 100

IERIKEL
(d) 30x30 FRAZR KNS ith 22
E 6 30x30 g ithExf b SLIE4E R

Fig.6 Comparative experimental results

in 30%x30 grid map
T2 30x30 ARt EIxT L SCIG K am

Tab.2 Comparative experimental data in 30x30 grid map

Bk BARUE RRMAKE /M A
TGRS 56 47.827 20
SCHR[20] 43 38 43.799 12
BB SR 2 42.608 7

Hi 2 2 AT 7E 30x30 A% b & £ 48 53k
W1 56 YGEAR T REUR SIS o , T ik IR A
PANTT 2 kAR, M T % e OB Bk 5 SCHR
[ 201530, WO wsORE AR vk 1) 3k AR B3 i B AR T
96.4 % F194.7 % ; FERAFEARKE L, Stk B
B A AR K N 42.608 m, A4 T4 58 iUt
AL 5 SRR 20 ) BBE AT 4R R T 10.9 % FI12.7%
FEREIS YL L SO ORI I S T 19 050k 7 IR
AHAE T e 31 5 SR [ 20 ] 38043 s /b 1
65.0 %1 41.7 %, BRI AR H]
P 0 B AR, R DI S RS AR TR
GWUREA 5 SR [ 20 ) B0 B B A,

B 7 R HARG )5 B R % A,
AR R (e 1 By R GL UG = R R T i i o
BRI AR A s R, Sk R SR R R A 1)
LR, M7 AIA R B YA N SR
ORI ) % 48 30 Y 2 3 P ) 4 4 X O
HyP B 2T, R B R B AR TOR R
T SR R Sl e R R S UE B R s AH

PR FI 3005 B A HE R 0, A Rk G T I
SLERAE T IR 22 Ak n] L P B P 2
Tt R AC O A B a5 SR
PRECAT AL A3 S PR R 2 F AR A5, I 1 i sl
.

—fEGBEEE SRR m R R

=
sl 8 T |

g r \
=10 = !

\

| \ i
5 10 15 20
x/m

7 BRR5INSERRNEESHE
Fig.7 Density distribution of target attraction and

(=}

obstacle repulsion
4.2 YrsgEERA

B UEAS SO ) B O S A A TR 58
WL BAT SR A WO SIGH B 5 S i B 470 SRy 7
HFRE T, A R 3R R L] B O B A 1k A
AR RZ MR 5 TR AT 0 A AR REAEUR ol i 2 S
efs RRIE B HLEIY R 2 A2 22 5+, A
MAEFREMAR PR SR I%Z 25 5, TR & 42 )
LR AS IR A2 R RO LR R I8

(1) FEA I 5 i

FEMHRIE G = (V,E) I SN 5 i R &
AREAT R IERRR WA (1) . Hop: r(0)
FRRMSE; m, (1) i g K a5 B ek g (X
(7)) a,B >0,

H T A 5 AT BR, LS & e b i H
PRGN 7 BRERT 2 B K 1 REAG TE TR AT S eR
b, FTA I AFAE

0 < i <77 (£) <Py (13)

[, 5 B R W R R A IEAE, IR SE i
FErP PR RN IE . SO A (5 B R L AT ¢
— RN



%1

FSE A TSR R 0 A AR PLAL FFE AL 5B A AR HLK) 95

£ (1+1)=(1- )1, 1)+ A7, (1) -
Az, (1)+Aaw,(1),0< p<1 (14)
s Arf () Aa Rt 5 iR
IR BRI AT (1) A ER 22 AR BOMR B R H 55
s Aw; (1) A ISR Bo2s AR K E 2 (E
FAy 3 B4 R ] 5 30
()R B EREFmILT T
FESUEAR (i,)) 7RSS IR (R B R
.
A (1) =Az) (1) - Az, (1) +Aw, (1) (15)
XA T4 Ry e A B AU A B A i
HARATIE )45 8 28 19 5 H A A2 11 55 5% e, R v
Bt e s A T2 i ie L, G B R 323
Hil55 e D TR AR, RO
I, B A R AT L B4R 5 2 iR 2
] A5 R 25 S R K,
We' e SRR S % B, HAR B
RILEN .

7, (1)
Rm=275 (16)
W SR AT, R(e) 3 P i i i
1 TP SIS R L R SR A A T B, 9T
I R B R
(3) ARSI T 3 M A4 3
TER—45 b ST e = (iyj7) 54 Hil
e =(i,77) R R R FLIE R .

()[()M()J )
2,0 7 () (1,0
[T m,(0) 47 5 BB MR L (B0 25
I B o 26403 (16) AT, (B
B R R R 0 4B (B 733, M
T3 PS5 M 5 B A2, 00 T
HE.
(4) & R BB 2 e
B ¢ o2 1R 7 5 R B B
Ly (1), DI R LA K R
L, (1)=minL,,, (k) (18)

O<k<t
BAR, L, () EHEEEAGS BRI, HE
R AROE PR BRSO W i v, 20 — H g

WCFE YA A B 4 S B A B A% (304 et
BEAR ) M B AR B TG A ; — B2 Ry i
EEEARG R I, H I 30 76 J5 2235 A b R 2k 3k 45
HEERAL, 45 AR 10 15 8 2 gtk — 2
55 , Bk o PR S E R IR

ZE A, et WORE S 0t 25 SR B R
IERRBHLEY RIS ARG ERES, I E
SRS MR R RS BRI I B A2 1 S PR A 3, 20 i A
B AR R B PN S X 4 S i A B A A B e 4
% X —HIEHT S 20%20 ,30x30 B Hb & K
HUAG O FCEREE b 3% AR B0 i 25 0 b | B A% I o
PR TR SR 25 R — B, B0 UE Tk A PRl 8k
PES R E
4.3 LERUARINEXTEE

SRt — 2 B T A A SR B T 7 S B
AEARBILAC R FREE b (%) AR B M g 5 52 B i
Y B, TN 3T B SEHLAE A JR) 0 — 4 A% 3 35
Ml Gazebo —HE{j HLIAEE , I 44 sl 3k 5 L 5 5
AT L IE

(1) HLAEF- 11 A7 ]

PGS i 4 B P AN 8 Fi

1. EMUTIERE

2. E i H AR

3R

4R B e AR

Ezsﬁmmmmﬁ
6.7 JA H1 2%

7. 5830l

8. 3% <A

9. = HF B BN

10.2&3HAL

1.8 B+ L BhAL

12. TR 5 & HL

137K 77 Th2%

14.5F
0 L (e

2
1

B
L

=

B8 #HAeFmHERE

Fig.8 Layout plan of the engine room



96 KEHBFRFFHR

%52 %

(2) HUAE — A=A 12 5 E6 Lo B
P 9 S HLAG — 241 Th B AR M PR 7 LA R

T
T

1T
1T
Il

Il
| I i

1T
1

x/m

(a) JRIGHE L

(b) B
B9 #pt=4FEMRBEHESER

Fig.9 Simulation results of two-dimensional plane

grid map of engine room

H1 1 9 T R : A% S8 WUHE SRR 7R 52 A BR 8 b L
S B SR AR N BT, JC LA e 7 e T A 4
DRI, A7 AE B 8 A M SEFNTUAR S 0, B AT 19 1
02 5 T CHEWORE S 2 A ) Bt A D . B R it 1
R AR R S B A E AR S
P RRLRGH L A TR 0T, B b A 1 B A 7 e A 4 R
IS ST o OO Y B A B AR 1K
JE 4 52.6525 m, BALGEME A M R L AR K
63.2843 m 45 T 29 16.8% , B H T+ T A HLRI
) BB E HRCR, AR TR ITTR S

T8 3 TR I ] 7 T, S Bk 1) e DA R 0 Ik ()
h 108.828 s, BRI IL Y 170.066 s Wi T )
36.0% , 2 B UHE 02 A R UE B A o ik 19 W) ) A
AR P BEA BERH

BOHFE A P PERE EAR TGk,
TERRAMUERAL 5 e PO ] AN B B L [RIAR R 2
SEAL, REAS 5 fep R0 b 3 N A2 2 PR T O AR LA
PR R AR oK

(3) Gazebo 17 HLERE 73 B HIE

1 Linux Ubuntul8.04 #:/E 248 . ROS Melodic
HLEE NERME RGN Gazebo 15 FLF- & 1 %438 kit
Fra BRPERAE , AT B S E 10 Fos, #
1 Gmapping BIk45 G HOCTHE R TR =@, 5

FRCRANE 11 o ot WORE S0k nl A 2804 56
PRAE R ZR I B A IS NV S 2 R AR RE T
ik 7 RE R BIE AT

& 10 Gazebo {FEIFE
Fig.10 Gazebo simulation environment
A WSO Rk ML R A e I B AR K R A
31.48 m, AL G WA L AR K E 35.47 m 4
T 11.2 % 380, SOt Sk LA £ A e
A TR R R T SO S A B A B A AL

() JRAASIE
E 11 ARARVRS (I AR B EML KR
Fig.11 Experimental results of path planning

(b) HudkkH Ik

for ship engine room simulation scene
NN 3K I (8] R B, AR R B30 12 21 Tk 1 1) Sy
410 s, M GEMRERL 0 464 s, OO FLE A
WYRIEE T 12.5 %, R T Sk 5k 7 ol
ERARE,
5 %

RGBT T B E R RE, 2R



%18 WS A T e WUBE AR 6 S AR PLAG B R L 52 ALK 1R ALK 97

WHE S 505 B IE 25 R — 0, P A RO s WU
AR BT R A E M S e R kEE S, =
B RAFENIE, Ja &5 B e TR #s
R, S AR B R R R B G T
RRIEAL , BRREAR T 388 G0 b A = 3B e e XU, X
R T B R PR T Lae S, BalfE e R
HOHR ISR AL T A I T 45 AR Bl A
H ) {5 8 R AL R 1 TR )B4, 1 T U0
AP, T SGH EE T B TE TR AR
P A AL GEMSOIE S 1% A0t IR 0 1) O 2
BRBESHHET 10 %, ERKE0E DT 96.4 %, )5
BRREASAE IE R T3 TH 1 52 2% DX 3 1 sk B 50% , i
LI PRAR T, TURFEIT T S5 T 65 %, 5
LS O TR N L= 7 £ 3 e o <
PENTIE40; 2 o0 W AR AN 7 N SR Tl o e = R 8 2 s ]
AR, HLAA T A SR A

£ 22 3Lk ( References) :

[ 11N A0S BREL, 55 JE T A T3S M s bLas

NSRRI S AR S B[ T ]. b AR LA 2 4R,
2021,42(12) .182-188.
SHI Z G, MEL S, SHAO Y F, et al. Research status and
prospect of path planning for mobile robots based on artifi-
cial potential field method [ J]. Chinese Journal of Agri-
cultural Mechanization, 2021,42(12) .182-188. (in Chi-
nese )

[2]CHENSY, FENG TP, LIJ M, et al. Research on intel-
ligent path planning of mobile robot based on hybrid sym-
metric bio-inspired neural network algorithm in complex
road environments[ J]. Symmetry, 2025, 17(6) ; 836.

[3VIREEHT, PN, Thit A6 T ol bR F R i AL =
AERACMAI [T ] i e e 5, 2023,30(6) ( 15-21.
XU J X, SUN W, MA C. Three-dimensional path plan-
ning of UAV based on improved particle swarm optimiza-
tion[ J ]. Electronic Optics and Control, 2023,30 (6)
15-21. (in Chinese)

[4]GUO B, KUANG Z, GUAN J H, et al. An improved A-
star algorithm for complete coverage path planning of un-
manned ships[ J]. International Journal of Pattern Recog-
nition and Artificial Intelligence, 2022, 36 (3):
2259009.

[SIMRTRL AT, A7 2R X SC BT RIGHE A B i N B i
AR [ )] K i 3 K2 54, 2024, 50(3)
87-96.

LIN T Q, LI CR, LIU S W. Path planning of inland lake
unmanned ship based on improved A * algorithm [ J].
Journal of Dalian Maritime University, 2024, 50 (3) .
87-96. (in Chinese)

[6] LI X J, TONG Y L. Path planning of a mobile robot
based on the improved RRT algorithm[ J]. Applied Sci-
ences, 2023, 14(1) . 25.

[7]9NE BEDC B WIBH |, 45 TG N T 3447 1 SRR

HESHHIVESWN. & [N oot IR RPN S N2
#%,2025,51(2) :39-48.
SUN H, XUE Q, PAN M Y, et al. Obstacle avoidance
control of multi-UAV formation based on improved artifi-
cial potential field method and model predictive control
[J]. Journal of Dalian Maritime University, 2025, 51
(2):39-48. (in Chinese)

[8]SUO Y F, CHEN X Y, YUE J, et al. An improved artifi-
cial potential field method for ship path planning based on
artificial potential field—mined customary navigation
routes[ J]. Journal of Marine Science and Engineering,
2024, 12(5): 19-38.

[OIVFRE R R T B4 LT ZRE A 514k DWA

HEALS RS LEs NSRRI ]RG5I,
2025,37(1) :257-270.
XU J M, SONG L, DENG D D, et al. Mobile robot path
planning based on multi-scale A" and optimized DWA al-
gorithm fusion[ J]. Journal of System Simulation, 2025,
37(1) :257-270. (in Chinese)

[10] EZEA, B de B E , 5. 2ok DWA Hk gl

i BT FE [ )] RAL T A5 00 1, 2023,59(6)
326-332.
WANG H J, MA X H, DAI W Y, et al. Research on
obstacle avoidance of mobile robot based on improved
DWA algorithm[ J]. Computer Engineering and Applica-
tion, 2023,59(6) :326-332. (in Chinese)

[11]DORIGO M, MANIEZZO V, COLORNI A. Ant system:
an autocatalytic optimizing process [ J ]. Computer Sci-
ence, 1991, Corpus ID: 18900660.

[12]JHUO F C, ZHU S, DONG H L, et al. A new approach
to smooth path planning of Ackerman mobile robot based
on improved ACO algorithm and B-spline curve[ J]. Ro-
botics and Autonomous Systems, 2024, 175. 104655.

[ 13795t J i . s XoL 1) R B0 P ML N A2 A0 R0
(] RHL S BT TR, 2025,53(4) : 1145-1150.
FENG F, ZHOU D Q. Robot path planning based on im-
proved bidirectional ant colony algorithm[ J]. Computer

and Digital Engineering, 2025,53 (4 ) : 1145-1150. (in



98 KEHBFRFFHR

%52 %

Chinese)

[ 14 THEA RO , AR £L. BRSO SR R B 2 AR A

R[] V9% BT R4, 2024 ,38(6) :59-66.
XUE X, ZHU Q X, ZHU Y H. Robot path planning
based on improved ant colony algorithm [ J]. Journal of
Xi’” an Polytechnic University, 2024,38(6) :59-66. (in
Chinese )

[15]CUI J G, WU L, HUANG X D, et al. Multi-strategy a-
daptable ant colony optimization algorithm and its appli-
cation in robot path planning[ J]. Knowledge-Based Sys-
tems, 2024, 288. 111459.

[16]WU L, HUANG X D, CUI J G, et al. Modified adaptive
ant colony optimization algorithm and its application for
solving path planning of mobile robot[ J]. Expert Sys-
tems with Applications, 2023, 215. 119410.

(1718 R WA e, 46 0k T IE 3R B R Ok

RO REARE A R[] BhA R 5 TR, 2025,25(10)
4246-4255.
YANG Y, JIANG X W, CHEN R T, et al. Ship path
planning based on penalty pheromone ant colony algo-
rithm[ J]. Science Technology & Engineering,2025, 25
(10) :4246-4255. (iin Chinese)

18] 302 R HERE , o0 2, 45 WOt WU S IA 7R RS S L
e A B P AT S [ ] BB B i, 2025
(5) :322-326.

MENG W J,XI C Q, WANG R X, et al. Research on
improved ant colony algorithm in mobile robot path plan-

ning[ J]. Machinery Design & Manufacture, 2025(5) :

322-326. (in Chinese)

[19]LIU J J, QIAN Y H, ZHANG W Z, et al. High-safety
path optimization for mobile robots using an improved ant
colony algorithm with integrated repulsive field rules[ J].
Robotics and Autonomous Systems, 2025, 190, 104998.

[20] MR , AR A 4 300, A B T e BURE S i %

PG NI [T]. B H AR5 T, 2022, 22
(28) :12484-12490.
ZHOU J D, GAO W Z, YANG W G, et al. Mobile robot
path planning based on improved ant colony algorithm
[J]. Science, Technology and Engineering, 2022, 22
(28) :12484-12490. (in Chinese)

(20 4T, kB, TE AR Ol ORI 7 F 3l 5 5 | 4 AR

AR R[], Tk AR5 A 313 &, 2023
(3):88-92.
XU J, ZHANG R, WANG Z F. Application of improved
ant colony algorithm in automatic guided vehicle path
planning [ J ]. Industrial Instrumentation and Automa-
tion, 2023(3) :88-92. (in Chinese)

[22]ZHOU T F, WEI W H. Mobile robot path planning
based on an improved ACO algorithm and path optimiza-
tion[ J]. Multimedia Tools and Applications, 2025, 84

(12): 10899-10922.

[23]LIAO B, WAN F Y, HUA Y, et al. F-RRT" ; An im-
proved path planning algorithm with improved initial so-
lution and convergence rate [ ] ]. Expert Systems with

Applications, 2021, 184.11545.



