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Dynamic Path Planning for Mobile Robot Based
on Improved Genetic Algorithm

Wang Lei', Li Ming', Tang Dunbing®, Cai Jingcao'
(1. School of Mechanical and Automotive Engineering, Anhui Polytechnic University, Wuhu, 241000, China;
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Abstract: In order to overcome the shortcomings of the basic genetic algorithm (GA) for solving dynamic
path planning for mobile robot, an improved GA is proposed. Firstly, grid method is used to model the
path planning for mobile robot. Then, the method for generating the initial population and selecting
elite strategy is proposed, and an adaptive mutation probability is designed in order to improve the quali-
ty of algorithm solution. Meanwhile, in the process of planning, according to different types of robots
colliding with the dynamic obstacles, the corresponding collision avoiding strategies are proposed by
combining the global and local path planning. Simulation results show that the proposed algorithm is su-
perior to the basic GA. It can effectively guide the robot in dynamic environment to realize the obstacle
avoidance and get no touching optimal or suboptimal path.

Key words: dynamic path planning; grid method; improved genetic algorithm; elite strategy

Bahflas NEEAR LRI AE — DAFTER RGP BRI FEAE) ILA ) — 4% 42 4 Jo il £ 1m LA i mT
A FTAEZS [ ARIEARRL PPN AR ol AR EE . AT B8R . — Rk Ud . DA A2 F R 4 Sy e 250

E&THE:BHEARF¥I4A (51305001,51575264) BT B0 H 3 L HAE A AFH= 364 (2017 48) W W3 H s Z 808 & &k
75 B AEANA LRI (gxyqZD2016125) 03 5 B30 H 5 J6 i 5oz 5 4nl IR 3l 4 3048 T S S8 B 38 (xjsk003) RN I H
%S H B3 :2015-10-23; 81T B #9:2016-06-12

BIEEE . EFH.B . H LBl #3Z . E-mail . wangdalei2000@126. com,

1A £ UL BEUS 5 B T G S A R LA NS S R AR R ) . g 5t i A i R K224k, 2016, 48
(6):841-846. Wang Lei, Li Ming, Tang Dunbing, et al. Dynamic path planning for mobile robot based on improved
genetic algorithm[J7]. Journal of Nanjing University of Aeronautics & Astronautics, 2016,48(6) :841-846.



842 &

N

22O o= Mt

PNEPNIE S 48

NSRRI PSS . FESL PR AL AP AL K
LR — P S AL 0 T EREE L R L BF 5T ) &
FE AR A o) U BT S . BT B A
BT T KRBT R T 2 R B AR BRI
HE RN AR TG A B T
2 R R RE T A L T LLTE B AR LR R AR B 2
(R FH o i, SCHk [ 9 K 3 Bl 2k 1k ML il A i sk
AR B B 0R R 2 HLA% N 4 R AR LR
SCHRL10 ) F — b 3 T Bloadk a8 15 57 1R Mg WL A
He A2 S AS BRI 1), SRR 1T DR — Bl 19 28 57 0
5 I B SR AR ML N S A B AR R R, SeEk[12]
SR FH BRI %) T 3 %ok BRI ) B A AT SR A
R LA R I T R AT AT E R AR K
T E AR B ] Lee S AN R A 1 E 96 2
V5 0 e A Bl B A 45 B 1) T 3k ke i A R O ik b
FOFIE . SCHRL 14 DR et 1 58 SCARE 38 1 725 S5 ik
T B AR A gk AT RS . AR B DE SRR
WITR A 1% 45 38 15 530 3% 9T A7 76 14 1) 8 Cn 55 1 25 %)
HH S 4 B R R e T A g kB
PRI I & Oy i e 6 S 3t A% S VR AE AE AN 2 5 T ) R A
B 25 B A% 9 ) st A7 A T T AR 30 85 o 9 I8 448 )
PEAT LI I FLURE 4 Jo) i A% MR 5 1 35 6 A LR A+
L5 AT ORAL B S ) Rt A 8 1% B3 0k X 4 JR) B
DL AR A T48 2, SR I 1)L 50 kel LK) 5 s i
— 4 I A S L8 4 DGRl R Y B AR L SE 4 B A
TIZTIRAETRAS S sh 25 s 42 B R0 v 1y A skt T
Fiks

1 IRERH IR

S B AR LR ) Al o AL A N B AR BR
INRAEA BT RUBR X A N B 25 B e ) [ B A
TEAF L - 1 AU AR 5 X AL 2 A B A2 R 47 A6
PABLAE ABE B iz gl Al $2 45 1F - 38 2 %) R A 4
Bl N R AR 25 8] 18 K /0N E B o A 7 Al A 1) 2
FAIR/N A8 1 s s A5 m #RAVEL A AL A
AEH XA R R D Frs.

m=x-+10y @)

TR B ML AN TE 4V 180 b A A7 R X s A
Plas Nizsh iy 46 S A B AR J 2 S # G 3&
IR HAE— S AT LAAT 8 AT 1] 235 A0 &P i Mt
K 2 Fros.

T3 O R SRR (D) BLEE A BB
0, AR R AN AT AT N (8] 388 5 4% R Bl A
REAE BN B2 428 r U AN R B % R 2
A5 | B L B A% B0 b0 D G (2) 8 Y

—
(=]

90191(92(93]94]95|96(97(98]99| G

10 11(12{13|14|15|16(17| 18|19
0(1(2]3]|4|5(6|7]|8]9 X
01 2 3 45 6 728 910

L — N W B L & 9 0 ©

1 Mlgs Nis3has[a]
Fig.1 Moving space for robot

7 <+ R(O)—» 3

Bl 2 Bl N e pE i 4 is 8 5 1)

Fig. 2 Moving direction of robot or obstacle

SR L W SN R/ 2 WIHLAR A Al T AL
MR AEMAS PR N RS . (3 Hliw
N E R Vi 58 B Sh S B 0 38 HH
A2 S B RIS 1 B EE Rk — AN TE DT T A S R — A
AL O Vo IF HAM S R IE 3, Vi
Vo fH7E .

2 ETHHEEREENBINEA

EEAMK
2.1 #REg

FE R AN A 75 XA PR R AT 2 B RDAL R A
WA AR T RN AN S iz 8h 8 G i fE v,
H AR Ir 6 3 (R A% 5 2 L 1 g e —
SR FEoR M {S.11,22,33,43,54,65,76,77,
88,G},
2.2 TEMNTE

FE A BV b Rl e, 27 BT B S ik AR L3R
AT LS JE L) 8 A A0 4B A%+ 326 BL— 4~ B B
WS AE R T — A B A% 3 ol 5 vk B8R AT DA AR IR
ARSI, PR W AR B B 2R H
A B A R R AN G o[]S 2 98 A A AR B B
WCSGH Y . L X T R B AN L 2 A



56 B

B A R T g A R P A 2 35 B AR LR 843

2B 8 A I E S A Dy A e A% L B (L, 2,3,
4,813X 5 A5 [ A A o

A A B ol AR A R AR AP R

Step 1 ARYEA LA A BT AL /Y9 5 1 HEA% - AN
QWIS A BEHI A s B e A L SR AR R
R HAR A G B D, g /8 28 F — 4>
1% EIHER p,

1/D;

= (2
? >1/D;
=1
Step 2 FfHLTE 0~1 Z a4 M—DHL p.
Step 3 %P1+Pz+"‘+ﬁi71<P<pl+pg+

ot JUERR i XN AR VR T — S HEAE

Step 4 Y HTMHAS A RAE SR B
SRR T H S ET A Y 5 R — Mg )y S I B
.

Step 5 415 Y A Mt A& A B A 3k M s R 2
B 0 P AR UL IBC A B AR AR R PR 1
R BEA T — 1K,

Step 6 F| W7 J& 75 2| ik H A5 £1, & K 2k, W
L BR (D ARSEAE BUF — A 25 335 H AR £, 0
Y H R AR PR AE T K .

Step 7 4AMRECH X B FIEE AL M B 25
2.3 ENERHNHBE

TR R A BE D (L) 9 {81 B0VE Jy 38 By i
BREL L W= (D I

1

F(L) =——~~ 3

D(L)
2.4 BERE
(D BEFFARAE
R R B A AT R PR R SRR N TR
T R B BIRE SR FH A S SR B AR SRR L 3%
— € O e U (0 A RS 2 0 it A% R A T B4

I v
(2) 38 X # Ak

e B 5 S UT5 i R T AR A TR T EAS
PRI BAN [R] DRI % B AL 32 456 1) 7 A A, L
B B AL B AN — € M T » X B IO ) 7 5 e Ak
PEAT AL GE A S TN S G BRAM) » PUIRIIE B 42 #Y
EEE S R 3 Brs . WARBEA HRE S
SN A AT 2 HE — 47 52 30, n 2R TG AH A )
I PSS A R REIL B IO A S R AT 52
Mo WRAE S e R AR E SR AR L DA B
A 28 G AT 2 BB AT M o 301 7 D e i a5 A H
R A5 SR JH AR JC0 B0 R R B D7 YR E AT B A L — AR i
S A

Parent1 | 5 |10]21]54[56]67]89] G |

Parent2 | s [11]13]24]54]65]76]87]88] G|
Offspring 1 | 5 [10]21[54[56|67[89[88] G |
Offspring2 | 5 [11]13[24]54]56[67[89] G |

3 M

Fig.3 Crossover procedure

(3) 78 S A

1% 50 1) BE AL AL S #5242 S5 B0 1m) I e A8 1) )
Ay DRI 5 SR — i A 19 28 e T ik R RATL 328 BB
R — DS (S 5 G BRSNS IR B AR N RS
RS I B3k XoF T 77 A 0 ] T % A2 L R T 5 B SR AR [
B IT ik A S BRSSO T AR R R A 1R A
PR B e — . XRAZ S 07 Wk AT LA PR IR BE AR 2 1% 2
8 o () IRt ] DA R4 28 B AR e 1 R B i

SR o 7288 1% 45 1 ook 72 oy o 36 5 R 728 S 48 A i
FERRRERLRE M R AR T2 A R R

MG +1)=M) +AQ) — D) 4
A =MQ) % p, (5)

A M) 55 ¢ AR5 A% I I R LA s A G S 5
¢ ARG8T I T 1 A B A R s D (o) S B« AR A%
I A5 B3k 8 S R K s p, S SIS

TR ENE DB B 2 A po N Y Bl A
e fe A28 g, I po AT R SR pn H
AN BEAh AR TP AR LR MR B
—MSE BRI M A K IF B AR AR
2 B A AR ) 1 DT 9/ 5 B A R R A ) LA
P (6) F b ]

k

= _t
P (D) —M(Z)Xexp( 2) (6)

Ko (O RS ¢ AR AL 2SS ER s M () 2
o ¢ fUBRE I ANk > 0,

3 BNISINE P B HLEF A B Al R B

A B M A7 AE T AL E A T AR 3R 5
T, SR VF AR 8 ANz sy, K 2 s L
Z 0] i i 8 S Y R A 3 AR 2, ROV < 0 i A A L TE
TR A 438 LI Rl

BEXE 3 Al il 13 B 2L SR BBCAY AR I JBE A SR I 4
T



844 &

22O o= Mt

K OK ¥ ¥ o 48 %

(1) S5 o SR« 7 JT3000 90 00 Tl 42 K A ] RE A
P Z 18] e Az IS IR A B s A 21 32 il 45 =2 i i
Mo S AT I A] , 55 s A5 o aod il 488 ) L A7
AR EEAR R AR T HE B R S TR . AT #9{E

H

Dr D,
AT = {5 s
max Ve V()}

L D M Do 23 51278 Hlds ARG 9 9 BLAS

(2) 3% [8] 5 W« 4 I TAT Alf 13 K 7 P & 22 8] 4 2R
IF L HHLAR N 5 BT AT 2R 07 1) S5 AT — 22 AN F] L A 4
JIE 7 S R T BRI L o S B R L Pl s L
HER (] b — A% B AT

- - 12
R
W&l 4 IE TH Al 1 4 2
Fig. 4 Frontal collision

(3) T R AW < Y 36 2 Al A T lf 13 85 A5 P 3 2
(] ¢ A B o - L B fis 40 5 i A7 8 5 18] 5 AL AT —
AT HET5 1) A ] B 1 20 ML s AR A T )l £
A BRI T AT AR R R S R — B RS AR T —
38 By 75 1) SR IR B T AR . o T T e A
fii O BRI AT AT X b R 543 A el Al 1T HL Vo
<V WAL AR BGR [ 50 G 5 Brs

o

K5 R EEE

Fig. 5 Case for returning

4 MEXBERRESH

N T RAEA SCHE WA R L 2 i Matlab i
A0 3 - B PR rb A7l 9 A L RS ) R A S B

e i 90 R o IS 0 e o)
4.1 %%?‘&E%?:’eﬂizu{ﬁﬁ
(DS TEH B 6 Frs By BEf5 2y CH A% Y
PRGN A3 A A DL T o I B0 Y 38t 4% B 3k e AL
N IEAT 2 R B AR LI o 5 FUE R IR AR R
30,28 UREEE R 0. 7 Wb 1 28 S50 0. 1, 5%
RBALAEN 100, k=1, FEH 45 R WA 6 s .

F g H

—
(=]

G

T —= N W A L & 9 © ©
—

01 2 3 45 6 7 8 910

Bl 6 4 Jm kAR R
Fig. 6 Global path planning

() FEE 6 BT 7 A B85 vf 24 M 85 14 0 25 e
iy aef, HoAG B2 R 7 i

—_
(=

G
9
8
7
6 [~
B
5 [=L7]
4
3
2
1
S
01 2 3 456 7 8 910

K7 B R

Fig. 7 New obstacle

(3) LA 188 2 B30 1 55 Lok 9 3 A R )B4y
100 Wa » FARPR IS A R 2R 1 Fi .

x1 WHEEHMREILE

Tab.1 Performance comparison of two algorithms
PERE EAmERYE R sEa ik
SEHFERT /s 2.8 2.1
IR RE 13.312 13.312
R FARAE RN 2/ %o 82 91




5563 TR T E AL SR B AL N B S AR LRI 845

4.2 HEBREMANGE

TERBEHLAR N 5 3l 25 R f5 4 14 38 B2 AR ] 25 T8 3l
ARGy RS Sh LG A% IR LA i B AR AT
(] 5) . 5 BN B0R: 5 B 3 M) 12 T — 4 &R IR TH
il 488 SR ISR A SR I L S B A 1Y S R 4 SR
8 JT7 o TR B 55 B 5 ) A A ) T8I R AR B L SR
W5 o SR P2 IR RO fb i A A L SE IR A SR
9 Bz . 24 AT P 1 HLAS A T 2R Vo<
Vi B2 A 18 i 488 0 >R BOUE i 3R W BT AL
R e A ) SE B A5 R AN 10 Bs

10 mmle
9

8 -
7 -
6

5

] (

3

2

1

S

01 2 3 45 6 7 8 910

[l 8 IF T filf 2
Fig.8 Frontal collision

10 G
9

8

7

6

5

4 (

3

2

1

S

01 2 3 45 6 7 8 910

L9 0 v 4
Fig. 9 Side collision
s & ®

CI T RIS 325 X L i N S A2 Rl 3 47 A A
>R FIABEAR P X5 A PR BEA T 9 ) B2 h 1 A= B 4 o
R TT 15 - LSRR 7 A A T S SO

OB T 3 AR S5 A R A R SR PR 3 5
o AR g 3 10 SR A B A

(3% 3 25 B85 Hh Bk lf DEAT 3 T R4 T PO
MERIE SR o AL A A A S gl 25 AR L K ] A 52

—_
(=]

U — N W A L & O 0 ©

01 2 3 45 6 7 8 910

& 10 I8 R filf %
Fig. 10 Rear-end collision

W25 SR AW %08 % RE A8 IR B D W R LRI 2K
R OR ARSI T HA AL R .

S E 3k

[1] Lei Lin, Wang Houjun, Wu Qinsong. Improved ge-
netic algorithms based path planning of mobile robot
under dynamic unknown environment[ C] // Proceed-
ings of the 2006 International Conference on Mecha-
tronics and Automation. Luoyang, China: IEEE,
2006:1728-1732.

[2] Zhu W R, Duan H B. Chaotic predator-prey biogeog-
raphy-based optimization approach for UCAV path
planning [ J ]. Aerospace Science and Technology,
2014, 32(1):153-161.

[3] Ahmed F, Deb K, Multi-objective optimal path plan-
ning using elitist non-dominated sorting genetic algo-
rithms[ J]. Soft Computing, 2013, 17 (7). 1283-
1299.

[4] Yao Peng. Wang Honglun, Su Zikang. Real-time
path planning of unmanned aerial vehicle for target
tracking and obstacle avoidance in complex dynamic
environment[ J]. Aerospace Science and Technology,
2015, 47.26-279.

[5] Oscar M, Ulises O R, Roberto S. Path planning for
mobile robots using Bacterial Potential Field for avoi-
ding static and dynamic obstacles[ J]. Expert Sys-
tems with Applications, 2015, 42(12):5177-5191.

[6] Hossain M A, Ferdous I. Autonomous robot path
planning in dynamic environment using a new optimi-
zation technique inspired by bacterial foraging tech-
nique[ J]. Robotics and Autonomous Systems, 2015,
64:137-141.

L7] T 36, BRIC A . 5. 2k T 2 B b5 b W) #E 4L 53 0%
1 Z B8 N B A2 BRI L), e 0 L 28 i R R 24 24 4



846 WOROMow MR K % % M 9 48 4
2008,40(2) :245-249. ang: Shenyang Ligong University, 2008.
Shen Xiaoning, Guo Yu, Chen Qingwei, et al. [13] Lee J, Kim D W. An effective initialization method
Multi-robot path planning based on multiobjective co- for genetic algorithm-based robot path planning using
evolutionary algorithm[J]. Journal of Nanjing Uni- a directed acyclic graph[J]. Information Sciences,
versity of Aeronautics & Astronautics, 2008,40(2) ., 2016, 332:1-18.
245-249. [14] Liu Chuangling, Liu Huaiwang, Yang Jingyu. A
(8] )R B/, 0, —FP T 7R £ Agent path planning method based on adaptive genetic algo-
PRARMRIE DT AL 2 i R K274k, 2010,42 rithm for mobile robot[J]. Journal of Information &
(2):198-203. Computational Science, 2011, 8(5):808-814.
Zhu Guangwei, Qin Xiaolin, Xu Feng. Local balan- [15] Li Ming, Lu Yuming, Jie Lilin. Hybrid multipopula-
cing algorithm for multi-agent itinerary planning[ J]. tion cellular genetic algorithm and its performance
Journal of Nanjing University of Aeronautics & As- [J]. Transaction of Nanjing University of Aeronau-
tronautics, 2010, 42(2).:198-203. ties & Astronautics,2014,31(4) :405-412,
[9] Qu Hong, Ke Xing, Takacs A. An improved genetic [16] EWH, 8m4&K, nik, %, BT aEREm L
algorithm with co-evolutionary strategy for global NI B RIBT I LT, LAt S5 & 48,2007, 26
path planning of multiple mobile robots[J]. Neuro- (8):32-36.
computing, 2013, 120:509-517. Wang Haiying, Cai Xiangdong, You Bo, et al. Re-
[10] Li Gaoliang, Shi Xuhua. An improved IGA based search on dynamic path planning for mobile robot
path planning of mobile robot in dynamic environ- based on genetic algorithm[J]. Transducer and Micr-
ment[ C] // Proceedings of the 2011 Seventh Interna- osystem Technologies, 2007, 26(8) :32-36.
tional Conference on Natural Computation. Shang- [17] IfiZE, BBE. ook 14 8 B A T8 sh Al as A 45 H k)
hai: IEEE, 2011:503-507. O BN TR ST, 2008,29(24) : 6330-6333.
[11] Tuncer A, Yildirim M. Dynamic path planning of Shi Li, Shao Guo. Robot path planning using im-
mobile robots with improved genetic algorithm[]]. proved genetic algorithms[J]. Computer Engineering
Computers & Electrical Engineering, 2012, 38(6): &. Design, 2008, 29(24): 6330-6333.
1564-1572. (18] TRienyg. Zh S FREE T A6 T HER RE S 125 A HL & A BR A2 ML
(127 LI, 3 T3t 1L 500k 10 78 S ML & L B8 A2 AR 77 123 114 RILD]. 75t 5 K%, 2013,

WFFELD . PR BH < P B TR 2F L 2008,
Jiang Mingyang. Research path planning method for

mobile robot based on genetic algorithm[ D]. Sheny-

Xu Xiaoqing. Path Planning for robot based on
swarm intelligence algorithm in dynamic environment

[D]. Nanjing: Nanjing Normal University, 2013.



+*

B A R T g A R P A 2 35 B AR LR

847




