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Path Planning for Mobile Robots Based on Modified Adaptive Ant Colony Optimization Algorithm
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1 School of Electrical Engineering and Automation, Anhui University, Hefei 230601, China

2 National Engineering Laboratory of Energy-Saving Motor & Control Technology, Anhui University, Hefei 230601, China
3 School of Internet Academy, Anhui University. Hefei 230601, China

Abstract For the traditional ACO has the disadvantages of slow convergence,low efficiency and easy to fall into local optimum,
a new variant of ACO is proposed. Firstly.a new heuristic mechanism with directional information is introduced to add directional
guidance in the iterative process, which further improves the convergence speed of the algorithm. Second, an improved heuristic
function is proposed to enhance the purpose of the objective and reduce the number of turns in the path. Then,an improved state
transfer probability rule is introduced to improve the search efficiency and increase the population diversity. In addition,a new
method of unevenly distributing the initial pheromone concentration is proposed to avoid blind search. The new ACO variant is
called the modified adaptive ant colony optimization algorithm(MAACO). To verify the effectiveness of the proposed MAACO,a
series of experiments are conducted with seven other existing algorithms based on three different obstacle distribution environ-
ment patterns. In all simulation experiments,the proposed MAACO generates the shortest path with zero standard deviation and
achieves the minimum number of turns within the minimum convergence generation. For the three experiments, the average re-
duction in the number of turns compared to the best available results is two,with a typical reduction of 22. 2% . Experimental re-
sults demonstrate the advantages of MAACO in reducing path length, reducing the number of turns and increasing the conver-
gence speed and its usefulness and efficiency in path planning.

Keywords Ant colony algorithm, Heuristic function, Transfer probability, Mobile robot,Path planning
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B=7,6,=0.1,6,=0.9,R,=0.5,8,=0.15,Q=2.5,k, =
0.7.ks=0.1,kz=0.2., % F IACO Ml IAACO, H A {k &
B A ES T HFHAEREO OB RED o0 Mo,
(BEBS AT BB 0 + 0, = 1) LI K2 A I B9 38 58 w] L) 75 SC ik
L1904 3], BT i MAACO 250k & h M=50,K=

100,0(:1,,8:7,(0:0. ZvQ(Un“ia| =0. S’sz Z’_)y“(JZJ/,m;1X =0.9,
Winin =0. 2, FEPLLEG l FHATER S B £ 1 i, &4
BEASTIEAT 20 K,

F1 OB 1 PSR
Table 1 Parameters used in simulation experiment 1
5k M K 2 k a B oo o2 R G0 Q kL ks kE o ol 4 Wimax  Whmin
ACO 50 100 7 0.9 1 7 0.1 0.9 0.5 0.15 2.5 0.7 0.1 0.2 0.2
TACO 50 100 7 0.9 1 7 0.1 0.9 0.5 0.15 2.5 0.7 0.1 0.2 —
TAACO 50 100 7 0.9 1 7 0.1 0.9 0.5 0.15 2.5 0.7 0.1 0.2 —
MAACO 50 100 — — 1 7 — — — — 2.5 0.7 — — 0.2 0.5 1 0.9 0.2
WA A S A B Dijkstra B 3L X, X F FEASUR R REAR A T — A AR YA S R T

AR FE R S TR R SR RN, T 4
ROUBES AR B AR, Mo R s A

PR AR B R SRR R . Dijkstra B ik £

%2

= B A

I AR R AR Y B R B k. 6 R OREE I SE G 25
mee 2 iy, RN RAERZWE 5 MK 6 Fra,4 ff sk
ACO Y s AR M 2 1 7 v

6 1 S 8 X P 2 R

Table 2 Experimental result comparison of six algorithms

Bk E

dh g ROk %

R mEKE FHE AREZ T E A I ARk % R
ACO 31.80 33.764  2.9262 17 27.4 5.5353 16
IACO 32.00 33.260  0.8294 6 9.3 3.6069 9
IAACO 28.63 29.505  0.7497 5 5.3 0.2202 7
A* 28.63 28.630 0 - - - 9
Dijkstra 29. 80 29. 800 0 — - - 9
MAACO 28.63 28.630 0 3 4.0 0.8944 7
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Fig. 6 Optimal pathsgenerated by A* ,Dijkstra and MAACO

60

—=— ACO

— IACO
IAACO

—e— MAACO

50

40

30 "y

BEKE

20

20 40 60

HRKH
7 ACO,TIACO,TACCO, MAACO fif I £k 32 18 it 2%

Convergence iteration curves of ACO,IACO,IACCO and
MAACO

w2 ol R R I MAACO 5 A" B3 TACO
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FTACO 5 AR 6 12 1 (28. 63<C29. 80<C31. 80<C32. 00) , {H
MAACO TE{H A b5 i 22 75 10 Ve AE e 4. HAK T & s MAA-
CO R A2 K BE A 3 (ALK 28. 630, /M F TAACO, IACO
1 ACO 1 (28. 630<C29. 505<C33. 260<C33. 764), MAA-
CO R MPREZE R 0, X TR EF MAACO fE 20 WP~ B AE
rh S AR A5 o A R AR K BE (28, 63) . A FIAR UE 22 14 S IR 45
FAEH T B 19 MAACO B A B4l Fa e ik

A MAACO K45 1 5 A8 16 42 1 77 25 BN T ACO,
A" B Dijkstra 2 IACO By 525 A (7T<<9=9=9<
16),5 IAACO By AH TR ., MAACO R4 0 83k R 30 T
ACO #l TACO(5. 3<C9. 3<C27. 4), B R MAACO 1Y I 4 B%
TR R 25 B S TAACO H IR, {H MAACO 1 Ui 8 3% £
OB B AR B A 4 M 3 /8 F TAACO, B 7 bW T3 —
55,9 B MAACO By br e 22 B A 8 i O bk, tn 36 2 B
H1. MAACO M$ATE ] I ACO T4,

SR, MAACO Fl ACO By #4017 B[] g < T A FiI Dijk-

Fig. 7

stra, X 4= M1 F A" Hl Dijkstra 5 ¥ 40 & H 5 R & &,
MAACO #1 ACO =R M Rk, WH .l THRILH WM
NI 5 B R b R R AL B 2 0 R R
W B AR AT . 25 1B B e O I A T AR B LM BIUZE LB
LS BT S A MERE . R 2 ISR L EW . 5
ACO.IACO.IACCO. A" B 8 M Dijkstra 2 ¥ 4 . MAACO
BAMGHAIERE. B 5 M 6 wikse Tix —4 £, X %W
MAACO #R#F i fE 2 R A P m . TR,
5 A" B LM Dijkstra B %A L MAACO 315 0 5 (L % 42 1
BRBFE D, FHIZ L, MAACO 3578 1Y & 1 B8 42 19 5 T 1 2
TS 45 T ER R R A SR BORR S e R R AL L R A
W RS RS 5 TN EE 5 B MBI G (5 B R a1
AN E W g K 2L

MR RTT LIS &6, 5§ ACO.TACO.IACCO. A *
#4:  Dijkstra 223 AH H . MAACO RE % LT 325 10 30% 315
e A i . B — 2R B MAACO 9 0k #RE , B73% % F
Z N[ROSR 2 0 5 AT LA
4.2 HEIER 2

T A MAACO Wy PERE A T 3 AR [l /Y 5 vk RA K
SCHkL23] PR B — S e S, 3X 3 Fh O IR SR S TR RS
Y E R U R B (ATACSE) \Bh & 2 ff (8 H & B
P [R]SCHE O AL 5T 1 (MRACO) Fibr T A A6 52 (PS-ACO)
BB HENSE% K ACO, A" 535 M Dijkstra 8 ik ¥E 17
T, BT HIEA T 5 3cHk[23 ] AR #y 30 X
30 25 [A] R EAR AL (ANl 8 JT /) . 08 i R om il A%, i i 3%
REFRA . A B AR AR (0. 5,29.5), HAR S B AL AR A
(29.5,0.5), [FHR,MAACO,ACO,PS-ACO,MRACO #I Al-
ACSE W% S50 B M F . 740 10Uk, MAACO (% 2 3%
BH M=60,K=200,0=0.2,a=1.1,8=7,Q=100, ¢ i =
0.5, AIACSE 8% B I M=60,K=200,p=0. 2,a=
1. 1,8=7,Q=100, Gomin = 0. 4 s omax =0. 9. PS-ACO [ B %
B M=2000,K=2000,p=0.015,a=1,=2,Q=100, &
AT 2% 3 h 3l S BORMEATER RIS . AR5k 0l ST
BAT 20 W LA i iz 1) B SE i, 4 P T MAACO,
ACO,PS-ACO, MRACO I ATACSE K 523 25 5%, [ B 1,
6T A" SRR Dijkstra Fik 455, BIS— K 11 RRT 5
FhE e A B Bk AR L T 12 FIIE 13 JBoR T A B i . Di-
jkstra 257 F1 MAACO 4= i e A 16 4%

# 3 B R RS
Table 3 Parameters of algorithms used in simulation experiments

% M K a B Q e 90 min 90 max 9o inital 4 @Wimax  @hmin

ACO 60 200 1.1 7 100 0. 200 — — — — — —
PS-ACO 2000 2000 1.0 2 100 0.015 - - - - - -
MRCACO 60 2000 1.0 4 1 0.100 - - - - - -
AITACSE 60 200 1.1 7 100 0. 200 0.4 0.9 - - - -
MAACO 60 200 1.1 7 100 0. 200 — — 0.5 1 0.9 0.2

F 4 ACO.A* B ¥R Dijkstra 5 ¥k A28 4 L5 B (10 52 56 45

Table 4 Experimental results for variant generation of ACO,A” and Dijkstra’s algorithms

EKE

H gk KOk

i REKE FHE  AEZ wEM F LS R

ACO 43.3553  47.9413  1.3199 17 27.4 5.5353 13
PS-ACO 43.3553  45.4234  1.7904 6 9.3 3.6069 11
MRCACO  42.7696  42.7696 0 3 4.0 0.8944 9
AIACSE 14.5269  44.5269 0 - - - 17

A* 42.7696  42.7696 0 - - - 9
Dijkstra 42.7696  42.7696 0 9
MAACO 42.7696  42.7696 0 5 5.3 0.2202 7
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Table 5 Experimental results generated bysix algorithms
BaEKE Bt ROR B
. - #wE
Hk & & o o o w
S FEE O R#ME FHE  REE AK
4
ACO 31.80 33.7640 1.0484 17 27.4 3.3372 19
APFACO 35.07 35.6573 — 6 7.7 - 15
IACO 30.97 30.9700 0 6 11.4 15
A * 30.97 30.9700 0 — — — 15
Dijkstra 32.14 32.1400 0 - - - 14
MAACO 30.97 30.9700 0 5 5.3 0.2036 13
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