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Global path planning of mobile robot based on adaptive mechanism
improved ant colony algorithm

MAO Wen-ping, LI Shuai—yongT, XIE Xian-le, YANG Xue-mei, NIE Jia-wei

(Key Laboratory of Industrial Internet of Things & Networked Control of Ministry of Education, Chongqing University
of Posts and Telecommunications, Chongqing 400065, China)

Abstract: Aiming at the problems of low search efficiency, slow convergence rate, and local optimal solution when a
basic ant colony algorithm is applied to mobile robot path planning under a 2D static grid map, an adaptive mechanism
improved ant colony algorithm for the path planning of mobile robots under the two-dimensional grid map environment is
proposed. Firstly, pseudo-random state transition rules are used. For path selection, a dynamic selection factor is defined
to adaptively update the selection ratio and a distance parameter is introduced to calculate the transition probability.
Hence, the global search ability and search efficiency of the algorithm is improved. Then, based on the maximum and
minimum ant model and the elite ant model, a reward and punishment mechanism is proposed to update the pheromone
increment. Finally, a pheromone dynamic volatilization factor is defined to limit the upper and lower range of the
pheromone concentration to improve the convergence speed of the algorithm and the global search ability. The global
path planning comparison experiments of the mobile robot are carried out under two-dimensional static grid maps of
different specifications, and the experimental results show that the adaptive mechanism improved ant colony algorithm
has a faster convergence speed and significantly improved search efficiency, and it has a better global search ability, which
verifies the effectiveness and superiority of the algorithm.
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i B2 5 10 VR4 BLS2 ik 45 5

30 ¥ 130 130

%Z ..... OACA

APACA e

20 ey e % 100} —-- AMACA % 100 T

e = = 9 U e el e

= * == INal Gl e OACA

10 Frmirits & 70} & T0f APACA

:¥: = = . L —-- AMACA
o ==t Y e S e —

0 5 10 15 20 25 30 0 10 20 30 40 50 0 10 20 30 40 50

X BRI BRI
(a) HRIRIERAE (b) BEALEAR S 2k (¢) “TIIBRARWC S 25
El5 30 x304EET 3MEXNAEER

i & 5(a) 1] LA H, 75 3030 B S MRS ML I S,
R R AR T &, A UL AMACA 4 2 31 1) f A 1
AR, B AR 4 1 U b s HIEL5(b) Bl I 3
S m AR B AR S 2 0T LLE Y, AMACA (Y SI0H
J& bt OACA F1 APACA [ YST S50 B2 B8 e, fie o th 28 5
TP R B S(e) B 1 3 R AR - 48 s A WAL S5 2%
A LLE H, AMACA s ik B fa e, Hgsh g, i

AR A S BV A g I0iE T AR SCEVEAE AR S AR5
I SEFH S A A
24 HAEMETHRSEMRI S

T IR AR SCRE A R 54TV A
AN TR 52 2% T2 BE () B A 420 (15 15,50 x 50,60 x 60 4}
1 P A AT AT FLSREG, 0 FLRECR 109k R 1 RIER
29 s HY T AE 15 x 15,20 x 20, 30 x 30, 50 x 50, 60



wH

2526

5

xR %38 %

x 60 Hit 4% b &t AMACA. OACA. APACA = Fh ik
BRI R R B AR K T SR B AR I SR AR K
. P BR AR SIOE AR IR B RIS AT I (] () M g
T . K3 T AL ALE 15 x 15,20 x 20,
30 x 30,50 x 50,60 x 60 A% Ho P 3E AT A A K S

IS I, AR SCH 1 AMACA 5 OACA PL K2 APACA (1) A
HPEREXT b gk B, AT RE B A 2R R
o% = 270 L 100%.
To

Horb: p, FIRA T E I AMACA 5256 45 5, 2o TR
OACA B # APACA [F)S256 45

(14)

®1 3MEZERMBEKESRMBRESERRBIEL

BB AEKE /m AR ARSI R UL
H R
OACA APACA AMACA OACA APACA AMACA
15 x 15 28.9313 21.5563 21.5563 22.1 8.3 12
20 x 20 39.8953 28.593 1 28.0416 272 8.2 2
30 x 30 68.6932 49.662 1 48.0416 31 5 3.3
50 x 50 / 81.6369 72.8112 / 12.6 6.2
60 x 60 / 138.9949 106.6102 / 19.2 10.5
VE: 7E 50 % 50, 60 x 60 FIMIHS L B R o7k AT OACA 5236, AR 77 TR SLh 45 5.
FT2 IWMEZRTFHBRARWSIER B SELEITREIRTEE
PR ARSI AR RS BB ATHE A /s
H R
OACA APACA AMACA OACA APACA AMACA
15 x 15 & 9.1 3 1.0763 2.5516 1.0846
20 x 20 & 10 5.2 5.2303 6.0909 47876
30 x 30 Ask 11.9 6.4 25.6602 26.1755 25.9262
50 x 50 / 183 10.5 / 180.2952 176.1716
60 x 60 / 26.3 15.2 / 188.8493 178.9713
VE: 7F 5050, 60 x 60 [FIHIHE 3 PR TG 3E T OACA SEEG, FRAG I “/7 FRoRiBAT SR 45 4.
+T3 AICEE AMACA 5 O0ACA LK APACA BIFEXT M REXTEE 45 R %o
" RIS AR AR SRR IR B PR BRSO BB AT A
H R
OACA APACA OACA APACA OACA APACA OACA APACA
15 x 15 —25.49 0 —94.57 —85.54 / —67.03 +0.77 —57.49
20 x 20 —29.71 —1.93 —92.64 —75.61 / —48.00 —8.46 —21.40
30 x 30 —42.99 —3.26 —83.93 —34.00 / —46.22 +1.04 —0.95
50 x 50 / —10.81 / —50.79 / —42.62 / —2.29
60 x 60 / —23.30 / —4531 / —4221 / —5.23
&2 —32.73 —17.86 —90.38 —58.25 / —49.22 —222 —17.47

VE: 1£ 5050, 60 x 60 FIHIE L B N TE 134T OACA 556, OACA 7 4 Rl A% 1 B R T X B A48 B e e, &

R« FoRBA SEIR AR

TE 15 x 15 i k% i B o, A SCH % AMACA 5
APACA 153 1) #% 12 AH X T OACA Fir 3159 1) B 1 58
P R T e L & AR 3 A IR L, AMACA AH X T APACA
5 OACA 73 5 /b 1 94.57 % A1 85.54 %o; Xf T - 3
B4R IS S A R $, AMACA FH 5T APACA 187> T
67.03 %, OACA 7E fix K IEAR KL (50 ¥K) ¥ Bl N T8 2
W 8l X T BRI AT B 1), A SCBEE IS AT B T A T
APACA, 5 7 WURE B0k (32 AT I TRV R S T A SO B
k.

1E 20 x 20 HibA% i B o, 5 T S A B A2 B, AR S
1%k AMACA F-13 1) B 42 A6 T OACA 5 APACA it
T3 AR TEAR X T R AR AR IR B, AMACA
#H X T APACA 5 OACA 43 5l ¥k /b T 92.64 % F
75.61 %oy X - 15 B AR WSO AR X EL, AMACA A X}
T APACA 187> T 48 %, OACA 7E fix KiEAR e
W IEVENCSSG X T BRI AT I ), AR SCEVEIE AT I [R]
FHAAR T APACA 5 OACA.

1£30 x 30 M H B v, 6k T e A B AR K B, A S
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EXF F: AT A g BB RO BANINE AL BIEEAKR] 2527

% AMACA T 1511 B 12 A0 X T OACA 5 APACA FiT
SRR AL, SCHER 151 BT 453 IR B AR K N
48.041 6, 5 A LRI B A B AT FE AR [ 5 T e
PR AT AR EL, AMACA A %] T APACA 5 OACA 77
Fk /D> T 83.93 % £l 34 o, SCHR [15] H Bk AL B 42
IEARIRECA 41 7k, AMACA AHXEF SCHR [15] 502>
T 91.95 %o; X -1 3 g AR IS S50 A IR EL, AMACA #H
X F APACA /b T 46.22 %, OACA TE it KiEAR R %L
Y6 N TE VS0 T SR AT I 8], AR SRR AT
I TR] RS AL T APACA, OACA R il T- AMACA.

TE 50 x 50 #i% b Pl o, 6 A iR B2 0V 38
A%, R AMACA #1 APACA fe s 315 & i 4%
178, %00 T m A B AR K BE, AR UL AMACA FH15 1 2%
RAEXS T APACA FIT 315 (1) B8 42 BE A 0 T S AL % 45
IEACIREL, AMACA HIX T APACA 18/ T 50.79 %o; %o}
T-1 35 B AR W SRk AR IR B, AMACA X T APACA
P> T 42.62 Yo X T SHIEISAT I 8], AR SCHVEIZAT I
[H] 4t F APACA.

£ 60 x 60 (17 H k% 1 ] rhr, Bk A WOHE 5% TE
F15 5 B AR, AT B R B 4R K FE, AMACA A X
T APACA Uil /b 7 23.30 %0; X T 5 A0 18 42 3 AR VR 3k,
AMACA # X} T APACA ik /> T 45.31 %; X} T-F 1
AR U SR A T B, AMACA FI Xt T APACA 187> T
42.21 %o %F T HAKISAT I 8], A SCERIEIS AT IS (A AH AR

T APACA.

M5 b A b R BT 35 45 SRR B, T
t % 1% K Z, AMACA # %t T OACA 5 APACA 43
S D> T 3273 % K1 7.86 %; xF T i A B AR 3% AR K
., AMACA # %} T OACA 5 APACA 4y 5l Jik /> 1
90.38 % 1 58.25 %o; X 1 ¥4 I 45 YL Sk AR Ik AL,
AMACA FH X%} T APACA /> T 49.22 %, OACA -
5y i A7 WAL S 4 AE B KB AR I B T A TSR S
Xf T HFAE T 18], AMACA Hi%F T OACA 5 APACA
Iy BIIRA T 2.22 %0 1747 Yo, A 3L EIFAR X T Fe A
WCHESRVESE T RO K.

NEEAA S 45 R TE A5 FRAL A (] PR RE IR
BB N, A SCRE P WCSOE T 8 R UL A R
AL SR T OACA 5 AMACA, 7] IAEIZ 4TI 8] _F
AE& 3. AR RMEE T, A CHEIE AMACA KA
A BT W SOE B DL R A R A 2R R
2.5 S5HEMEBEMKIEAXI LN

N T D ISR AR SO I S 1 S R,
1 FH SCHR [16] B4 22 1) 30 x 30 MR 3t 47 R 3h AL
a5 N BB AR 5256, I B SCHR [16] 1SR DL
PSO (particle swarm optimization) £ 47 X E S0, A SC
BRI BHBE R AM = 100,a = 18 = 3,x =
1.2, Npax = 50,p = 0.8, A\, = 11.5,\y = 5,\3 =
2,Q = 100. LI L R K 4 PR,

FT4 3TEESLINEE R

Hik BEHAKSE /m BB AR BRI EL PR B IR AR IR L BB ATHE A /s
AMACA 44,5269 4 7 18.8274
SCHk[16] 8 48.4250 40 59 5.5600
PSO 54.6070 51 68 7.0630

B3 4 0] DLE W X T e i A0 K B, A Sk
AR T STk [16] 575 LA K PSO 43 51l /b T 8.05 %o I
18.46 Yo, AL %A Jy TR AE 0 B o, 3 R H M R AR
SRR X e M B A2 A B i AR IR B, AR SR AR K T
SCHR [16] 532 LA K PSO 43 51982 T 90 % £1192.16 %,
AR LT AR R LRI AR T T iR %
TSI B, 98 22 0% 5 i 0 TP 3 B AR K kAR
U AR SCEE A T SCHk [16] 535 DL & PSO 4373l
TR/ T 88.14 % F189.71 %o, A LBy ] LA 4 T £
SE, PR T BRI RS R s T B AT I A, A A
EIIEAT I 1] B4, B T 1 B A J ) PO 0 L A
34 ®

NT R AR BE N TR s HLAE A B A
FURI B A7 7E 8 RBCRART  ISUE 218 DL FS
5y B N5 38 B A 55 1) R, AR SCHE e R AS W e ] o

St — ol B S R SO SO B, I 7 Sk
BIE 1 AR SCHR IR AR R B0 T A R e R
FGYCSIGE EE, H e G A BN R R A i A
SCHIBIE A R 4

1) B T AR SRS AT I H AR, R
AR 55 [, B2 R O BEATLIR 25 e 72 L U347 5%
(& i I G L FoSviet e ISR N = BEANA B vk
ELG, SINERSG T R BT — T R ABR B DL — 5 a3
B H AR R BE AR R KA B B LR e Ho,
fer U HE AR R

2) TR OR B/ NSO DL KA S R Y,
7l 2Rl = T BT A BE T 2 A A, I o e
Xt SEEA 51 FE L b 25 S O Ja SR AN
R, S R RS A5 DL

3) 5l BIE R E BRI A R w1k
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SRR u&%ﬁ%&&i,@ﬁﬁﬁ%u SRR LET (Jiang M, Wang F, Ge Y, et al. Research on path

IR, DAIRE G 55325 L AT 2R 52 i

AL

FHAE AN [7) 52 2R P A RS 3t PR s 6 5 SR ml e,
35 AMACA O PE BE A T S A WU 575 DA K.

HA A — iR (HE AL T AL

3k

D) A EFAEBOE RIS 5IN T 2S48 1
Ko, @ Z RN RN 2 A S e R B

T ZA UL

2) AR I A A B> S IZ AT I (],
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