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Mobile robot path planning based on the fusion of ant colony algorithm
and artificial potential field method

Deng Dongdong, Xu Jianmin, Meng Han, Yang Wei

(School of Mechanical and Automotive Engineering, Xiamen University of Technology, Xiamen 361024, China)

Abstract : To solve the problems of poor global path quality and the tendency of local paths to fall into local optimality when mobile robots
plan in complex environments and dynamic obstacles, a fusion algorithm based on the ant colony algorithm and the artificial potential
field method is proposed. Firstly, in view of the poor global search ability and slow convergence speed of the traditional ant colony
algorithm, its search method is optimized, a new pheromone update rule is constructed, the revised heuristic information is introduced,
and a path node optimization strategy is designed to improve its path quality and search efficiency. Secondly, the problem of unreachable
target and local minimum in the traditional artificial potential field method is solved by adding the relative distance from the mobile robot
to the target point into the repulsive potential field function and setting sub-target points. Finally, the improved ant colony algorithm and
the improved artificial potential field method are integrated to improve the path planning performance of the fusion algorithm in complex
dynamic and static environments. The parameter combination of the improved artificial potential field method is selected through
simulation analysis. Compared with the traditional ant colony algorithm, the simulation results show that, the optimal path of the
improved ant colony algorithm is shortened by 26.23% , the turning points of the path are reduced by 60. 00% , and the search efficiency
is improved by 73.75%. The improved artificial potential field method effectively solves the limitations of the traditional artificial
potential field method and improves its local obstacle avoidance capability. The fusion algorithm can plan a collision-free and smooth path

while maintaining compliance with the global optimal path. In actual scenarios, the experimental results show that: the path planned by
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the improved ant colony algorithm is shorter than that of the existing traditional algorithm. In the Gazebo physical simulation platform,

the fusion algorithm can effectively avoid static obstacles, verifying its theoretical feasibility.

Keywords : mobile robot; path planning; ant colony algorithm; artificial potential field; fusion algorithm
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Fig. 8 Simulation results under the Mapl environment

(c) Convergence iteration curve of optimal path
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Fig.9 Simulation results under the Map2 environment

(c) Convergence iteration curve of optimal path
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Table 1 Comparison of simulation results under different environments

AR K /m BRARFE T 2 PRARIKEL
Hi & ik
ST e/ Ty Std et Ty Tt Ty
ACO 38.00 37.41 37.82 1.14 15. 00 14. 10 23.00 33.16
IACO-TAC 29.21 29.21 29.21 0.00 8. 00 8. 00 14. 00 15. 50
Mapl A* 29.21 29.21 29.21 0. 00 8.00 8. 00 — —
Dijkstra 29.21 29.21 29.21 0. 00 10. 00 10. 00 — —
IACO 28. 68 28.50 28.52 0.08 6.00 6.23 8. 00 10. 56
ACO 91.56 60. 00 70.30 11.31 19. 00 30. 66 80. 00 47.90
TACO-TAC 50.28 46.52 48.20 1.65 18. 00 20.90 35. 00 30.55
Map2 A" 45.70 45.70 45.70 0.00 20.00 20.00 — —
Dijkstra 45.70 45.70 45.70 0. 00 21.00 21.00 — —
IACO 45.64 44.26 44.96 0.43 15.00 15.20 21.00 23.70
5.2 BMEAIBGEGEERSH Wi (19 i RCRE 5, MR X A B B A X BILER N 32 B
1) TAPF By:S 5k s AR IER A d, BOK, MLEs ke T B A Y

dy FOR BTG B D BR X LA A gy IR (R R B A U ST S Ao 45 d
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B Ll s ARSIl AR, &P K
K, FEF AT Nz B Pk R S, A il g 4%
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IAPF B AE 5] Jy A% Jy (i J W46 H R 8 45 H dx
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Fig. 10 The influence of gravitational gain coefficient  on the performance of IAPF algorithm
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The influence of repulsion gain coefficient @ on the performance of IAPF algorithm
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Table 2 Simulation results of the gravitational gain

x3 ROz RH o WHEER

Table 3 Simulation results of the repulsion gain

coefficient 7 (m) coefficient w (m)
n TR AR w AR
1 22.911 8 5 22.3300
2 22.6229 7 22.420 5
3 22.6119 9 22.429 2
4 22.5213 11 22.516 0
5 22.5129 13 22.5230
6 22.426 5 15 22.528 7
7 22.4212 17 22.612 3
8 22.416 7 19 22.614 6
9 22.413 2 21 22.618 4

Mo e |5,7,9) 0, SRR H 072 %R K
BT, 3K E R TR o BN, R IERAE &, 51 R
FEAEM, A A 0 I m s B bR s,
11 (a) fs, R BN o BEMS HLRI H T8 47 (1 642
R T A R, AR TR Nizsh, X4
w e {11,13,15} i}, B 5 J1g g nm , A8 R0 i F
B ae K B s, (R e B AR T 2 4, A&l 11(b)
B BB oK Mo e {17,19,21] B, B T/F
Fid KRS EHR A A B BRI 11 (e) B

IRo ELEFTIR B o BEE N 15, BEREGE AL H 1T B B
R N e 4

2) IAPF Skl BT H

S IAIE TAPF Bk AE i U A% 2l AL 2 B AR R I B 11
BHREFITIATYE, 3535 DWA, APF #E47X) He, Ay
K M HiL K /N A 20 mx20 m, WAL 12 fif7R . TAPF B3k AY
BHKE N =5,0=15,m=1,dy=1.2 m,L=0.1 m,
3 BT B LSS SR AN 4 FTR

—DWA —— APF —— IAPF
20 20 20
18 18 18
16 16 16
14 14 14 gl
-
12 12 12 f
10 10 10 v
y
8 8 8 vd
6 a 6 6 m 44
4 { 4 st
2 ¢ 2 21Hf
0 0 0i
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(2) DWASL PRI ) B 42
(a) Path planned by the DWA algorithm
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(b) Path planned by the APF algorithm
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(c) Path planned by the IAPF algorithm
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Fig. 12 Comparison of three local path planning algorithms
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Table 4 Simulation comparison results of three algorithms

A7 B KE/m M IH]/s
DWA R NI
APF N S
IAPF 26. 69 58.69

ME12(a)  (b) AXEF 1, DWA H ik LS APF
FIEBBA R A, ok B U AURRATY) , e 2 T B0
BRI, W 12 (c) Fis, @it % R AG F 77 6 et
DA KA 4 R BE AR AR B R R A T H bR a5, TAPF B3
AN RE 8 A RGEE 5 b A SRR /M T HL A e 6% i 3]
I E bR, T BE A e S %) B[] PRI R HE — 2% DG Al fiE
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WA, B2 4 A TPAF 53k ORI B AR B
26.69 m, T 58.69 s,

25 LRIk TAPF WL RE A% A RUR DA% 5t APF Bk
R PR, B R T LR s A K g
5.3 BEEEGELERSW

FESEPRIE ATt AR, B B L g A e BE 4 R B A i
P, HATRE S Ab B2 355 b i] B8 o B A 25 AR A O (B An
I BENLER A B S A AT ) X I B 3 2ok ey P8 s A
TR AT AN W b %o ] P A8 R4 7 S0 - 3 A5 ] L e A2

DLREF S S sl A e, TR0, 45 3 3 26 S [R) 3 i
R EAT 07 B0 HT R 86 TACO-TAPF Bl 43 3 12 14 B
MLikEBEBE 1. TACO-IAPF B35 S5 —i% ) K= 100,
M=50,0=1,04=0.9,8=9,p=0.3,9=5,w=15,m=1,
dy=1.2m,L=0.1 m,

1) AR ikt

JHAE TACO-IAPF il 5 55 125 19 i BIL o 2 o i 47 o
FEREST, 5 A" -DWA Bl G 3AEAE R/ N R 20 mx20 m AYHE
b ] i 3 2R LS B HEA TR LG, AT 13 14 TR,
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Fig. 13 The stochastic static obstacle avoidance process of IACO-IAPF algorithm
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Fig. 14 The stochastic static obstacle avoidance process of A -DWA algorithm

A A A Shy A U U N 1 B PIL A S B AR A,
& 13 H i B AL A B A 0 A bR o i R (5.5,4.5)
(11.5,6.5),(17.5,13.5) ; & 14 " {4 BE ML 25 B2 654
AR R (5.5,4.5),(10.5,13.5),(14.5,18.5) , 1
AR S PR,

ME13 14 FTLUE H, PR A A B R R 1Y
BEAIL f A B A 4 B0 8 oD 3 R 6% F AT AT ALY o B
TACO-TAPF il 5 B IR 7E O 455 W 5 4 Jy B A0 I A2 1) i 4

TR A OO, R R TR s bLas A iz
B, 3 S Al TACO-TAPF fl& 5 s AN 1E MR H i
LB AR K B iR 2 BT A7 -DWA Rl& 5k,
FE3X 3 FhER % th  IACO-IAPF fil &85 4 A" -DWA Fil
Gk B R KO A 0 46 A 4. 24% | 4.56% |
4. 81% ; B [a] 43 U8 7 25. 87% 24. 43% .24.50% . it
B TACO-TAPF Fil £ 55 12 1 B 42 0 Sl s 2 0, B A2 0T
AT



12 % & L F ¥

a6t

£S5 2HBMAEREMEMILER

Table 5 Simulation comparison results of two fusion

algorithms

BEALE A R4 Ak RIEHERKE/m  BH/s
A" -DWA 30. 17 83.34

0 > BB SRR
TACO-IAPF 28.89 61.78
A" -DWA 30.49 85. 60

1A B A R
IACO-IAPF 29.10 64. 69
A" -DWA 31.21 90. 32

3 BEHLI S ELR Y
TIACO-IAPF 29.71 68.19

———APF = =Dy-path

—0—ACO ——ACO-APF = - ‘Dy-path

25 1 Fik , IACO-IAPF Rl 5 530 bk AN 285 24 1 Bl
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%6 PR,

& 15 3 3 A EAE 15 mx15 m (@ EAASBENL B2
TPk i s A2, Herp kg 2 A B ML Sh S B AR 4 1 B sh 12
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(a) The path planned by APF algorithm
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(b) The path planned by ACO-APF algorithm
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Fig. 15 The dynamic obstacle avoidance paths of three algorithms in 15 mX15 m environment
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Fig. 16 The dynamic obstacle avoidance paths of three algorithms in 20 mx20 m environment
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Table 6 The dynamic obstacle avoidance simulation

results of three algorithms in different environments

Al & GRS ALK/ m i1/ s
APF 24.280 5 38.726 9
15 mx15 m ACO-APF 23.977 7 40.833 8
TACO-IAPF 22.8872 37.288 3

APF R RV

20 mx20 m ACO-APF R ENL
TACO-IAPF 32.464 6 83.238 7

MR s, B AR 73 51K (x,,y,) = (6.5,11),
(25,5,)=(10,12.5) , (x5,y,)= (12.5,19) HERED)
BORE B 43 51 (%, —0.02,y,-0.005) , (x,-0.017,y,),
(%3,5,=0.012) . 41K 16(a) Bz, th THE45E APF 5455
FHaA R S 2O R, s 16(b) iR,
ACO-APF BEAEHIm S 1 AT BAin s B sh iyt # v, th
T BAr s A 2 A B, B sl s A2 35l R
HIF T, e T 3O T H b 5B 2 9, B AR R 2R
NE 16 (c) Frn , BV PR v s AN ) 456 A Bl AL 7 2
A4 MEEHL B0 S BG4 , IACO-IAPF Rl & 3K Ak %
P R A i AL i RE 77, ] s A 150 BH il 4507 X5 A [

(a) BEIHLEA
(a) Mobile robot

(b) Gazebo P BB HLEE AAEHL
(b) Mobile robot model in Gazebo

SR A A RGP 035 . Hh 3 6 1] AT, TACO-
TAPF il 555 J0) 0 1 A2 K B R 32,464 6 m, FH B
83.238 7 s, Al 7E 3 J B[] P R K] s — 2% TG il 4 1 T
Az,

25 LT 7E R R R 22 sh 25355 o TACO-TAPF fil 5
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Fig. 17 Path results planned by the A" algorithm, ACO algorithm, and TACO algorithm in actual scenarios
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Fig. 18 Obstacle avoidance process of IACO-IAPF fusion algorithm in Gazebo environment
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