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Abstract

Aiming at the shortcomings of traditional intelligent algorithms in robot path planning, based on
the hybrid differential evolution algorithm and particle swarm optimization algorithm, the muta-
tion rules of the two algorithms are modified, and multiple group mechanisms are added to main-
tain the diversity of the algorithm. Therefore, an improved DEPSO algorithm (pDEPSO) is pro-
posed to solve the robot path planning problem. This new algorithm uses a variety of group tech-
niques and dual mutation mechanisms to guide particles in exploring the unknown space in the
optimization process. The algorithm improves the convergence speed without sacrificing diversity,
which is worthy of study.
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2. BEXBENA
2.1, ESHNEE

Zo M SV — TP S AR HOR , 2 H Storn 1 Price T 1995 R4 th[12], /& —RETHAK A
N A RIS, SOCRIFROY DE 5%k, DE Skae sy o i s R AU, iz R AT T
Wit S, N TR LGN ESUHT . DE FikA 2R, KX, wHF=1>25%:

A2 5#: DE SHAMH 727 NS SCLAL 5+, £E DE AP WL 2270 HEmE 52 R o BE LI IO S8, Rt
HmE R4, HEHRRMERET RSN, BRENE, B3 —DhEAME v =(g+1), 1
B

v,.(g+l):xr, (g)+F(xr2(g)—xr3(g)), i#zrl#r2#r3 (1)
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DA SRTE o A SR AN R I A, K ﬁ\ﬂﬂﬂgﬁ, AR BT 1:AF BB A

B e XA HIEE AN, 5 G AR A9 MA x; AR R T IRA v, = (g + 1), 130 2 fos:
v, (g+1), ifrand (0,1)<CR orj = j,..,

u!.l.(g+])={ i

x;(g),  othersize
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Horb, CR WX WA, j,andﬁ&$ﬂiﬁé§i v MR RS § DMK j 4 %TE%%EPI‘EWSE/)%*A
SRS T A B NS  EAARENLIE B, A MR RIS R . R SRS Gt AR, i
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| - 3
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2.2, RIFEEEE

L HE S V% (Particle Swarm Optimization), ##% PSO, 2 Kenned 1 Eberhart T 1995 G2 H AI[7].
EEEURE M2, PSO BRI 2 XA S 51, T A2 AR =4 iR 1 m F) B A ok B8
BB RLTAE N e B BN RE x;p, WTHEE R R NRE vie PSO B H 5 B HCK e R 11 i&
MR, FIREREARF BN IE R B B pbest, pbest FHIBAEE N gbest, gbest T AHEAFH
R R IR IR A E
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v, =¢ *rand( )*(pbest—xl.)+c2 *rand( )*(gbest—xi) @)
X, =X+,
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0 =(0,;~ 0,0 )(G, ~ 8) /G, + @y (6)
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3.2. ¥u#RY DE 8%

3.2.1. BT K HERAERSHE R
ZRRFBRPOA R — MR AT M7 3, T Bt 7 R REAOTT A, T AS 75 ZERAE R ) 22 R
RFEMRYE L 1 J& 1, TEA AR EE 24T 70 AR A G R . K BMERR[14], 52— R St IR STHE,
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Table 1. Pseudo-code for k-means clustering

= 1K B{ERAEHNKED

By 1. KBHERRE
1 e KA R AE AR B O
2 Repeat
3 BN K BIBIE I BTL Ceni, TEIN K AME
4 FHH AR MR BTG
5 Until A5 A AR s B i RIS AR B
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e {ﬂoor(0.02 xiter,, ) if iter <0.5%iter,,

(7

max (8)

max

floor (0.05 % iter,,. ) if iter > 0.5 *iter,,,

3.2.2. BRF: NEFRHM
5 18 B AT I AR A2 3005 B 1 05 202 — MR AT 1535, JATHR R 17— Al 22 L
— T3 & NSRS 2 A K B, T RIS . AR AL A

F;wst : xlbest,j + F'kl : xk,j

T R Ry )
Viji~= ti,j +¢i,j (ti,j _xk2,j)

_ Foo *Xobest, j +Fy Xk,
N Fpu + Fy (10)

Vi =l + 9, (ti,j _xkz,j)

Horr je{l,2,-,NP} , NP NBAFEERAN ¢ 21, 1HEBEHNLEL & Rk 211, MITPRIBENLEL Ho
M NTMERNE k #k, =i, Ibest 2 9T FFIBERIRAEMEARIIME, gbest RFTAFHE T RAEMAMN R
SUE, T, 2&AaE, F 28 i N NRTE R0 AT R MR 22 2 St i HE 18

M 9 FI 10 HATLAEH, BAERHLHIM R EX R X9 &R TR R ME, K
10 B 5 (12 BEANFURE A R A0, 33K A 3% S R D g 3 T2 222 ) e A o T [

— 7, X7 FR AR E BB R, W] LG]SR AR T A R,
PRSI E . 07T, TEARIE X BUE R AR N B a o DURRERIEEG 2R, B fa NS
AR, PR, X AR LI LG R 4G 1 DE SBE AT PSO L FEAR.

ACH DE HEA PSO B [15)45 G /e —H, A ERTH AR, MWER i, DE BiEm 1 RE
i eEA PSO HykmifS 2|, pDEPSO Sy RERT GELL PSO 575 A1 DE HiLEHAL TS .

RIMEZ, XA EHLHISE A ) DE Ji%A PSO HvERIL A, oG8 75 5 N Rt g, 2
T URSIOREE, R — FMEAFR NI T 1 T
3.3. HERERENS

pDEPSO S Mg AT i B U T

1) WIHEHHRLT

2) HERAARLT RE RN AR, (A (S) (6)FHRLT

3) EFTPPAL RSB 3 A

4) B MEAE pbest A1 4x R FfF: gbest;

5) KM K HMERETTE, N NAFREE, ZEE 1. 237T) 8):

6) fHHAI(9) (L0)RLFHEAT A S, A8, ERRILIR A (2) (4) T H:

7) EEHTHEHT pbest I gbest;
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4.1. REMR

NI MGE BRI RE, X BLIEE T AR R E, WL 2 DA bR BB B 3 A BR
Ho F1. F2 NSRBI S, F3. F4 AZWEMEL. R4 RE#E N 30 4.

4.2. BHRE

T AV, BTA S AAE FH AR [ 0 19 252 1 eR BP9 4 1R 2% R BN SR ERIZ AT 5000 ¥k H
PRERECTAS, AT BN A 50 1 100 OEAR: STFEAREL, BT H RS FRME R % .

NI R B AL, X BRI DE Hk. PSO Bk 5A R EE pDEPSO #E47HE%:, DE
HENZHASE: F=03, Cr=0.8; PSO HEMZHER: ¢o=.=1.5, ©,,=0.9, ®.,q4=0.7; pDEPSO
HEEEN: ci=c,=15, ©,;=09, ©,y=0.7, F=03, Cr=0.8, M=3,

4.3. 5L

K145 T DE 5% PSO 24 pDEPSO B335 TR B 4 F-Fo WS SIHH 28 . J 2 24X 3 pDEPSO
B, b A3 PSO &y, ¢ 44R3K DE Hik.

M AT BARH R, pDEPSO Sy s S 2 B 2 DE By A PSO Bk, Uishss L+ DE
A PSO B3 . X E B RN Z R BRI AR . T2 3 theh T & SEN T R BRI A S i 45
Ko GIMERA T HAE R T2 WNERATUE H, pDEPSO FiEMH 200 FE M B T H e WA E
%, BB PEVERT, 1% T RO U S S o] IR G (2 Pl 2 B, i LRI AR 47 e ik e 7 P
BN S s s o
Table 2. Benchmark function test

2. FEREOMK

e EA N Yz TR k2
F Sphere 30 -100 100
F, Rosenbrock 30 =500 500
F; Rastrigrin 30 =5.12 5.12
Fs Griewank 30 —-600 600

Table 3. Testing results of each algorithm
3. BEXNABER

MURENERA DE PSO pDEPSO
My 1.3563E+000 3.5319E-007 0
f std 6.3609E-001 5.0083E-008 0
My 4.7248E+001 2.3083E-004 0
F std 2.5433E+001 1.0890E—005 0
My 4.3504E-003 5.7463E-001 1.9533E-018
s std 9.8941E-004 1.6404E—001 1.1258E-018
My 92942E+003 1.3589E+001 3.3442E-005
F std 3.6260E+002 3.2099E+001 0

DOI: 10.12677/csa.2018.810165 1523 TR 5 R H


https://doi.org/10.12677/csa.2018.810165

|

ARG 45

=

4 4
x10 2'57><1O

1.5*‘ &
1.5¢
| 1l
osf L - ik
N o S
0 = 0 s —

0 1000 2000 3000 4000 5000 0 1000 2000

T
N
o

3000 4000 5000

() (b)
4 4
25 x10 25 x10
a a
2 b 2 b
o] C
1.57‘“‘ 154
10 H‘ i 10
g 1 m
05F 1 05 1L
L ‘ = SV
S Y HE Wi S —
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000
(© (d)

Figure 1. Convergence diagram under different test functions. (a) The convergence graph of the Sphere test function, (b)
The convergence graph of the Rosenbrock test function, (c) The convergence graph of the Rastrigrin test function, (d) The
convergence graph of the Griewank test function

1. AR R T HIUELE . (a) Sphere Ui R HATYTSIE; (b) Rosenbrock MR BRI AIWIELE; (c) Rastrigrin
N R AU S E 5 (d) Griewank 3R BB B AU S &

5. pDEPSO BEEZEH 28 A BREMRI IR A
5.1. {FELERE

ARSI A EAS AR HEAT,  H ARHE A2 NARFR[10, 1014, SR A Sphere BREUE A H bR %L

fg(x,y)=(x—10)2+(y—10)2 x,ye[O,lO] (11)

FEAS A 2 MR BT ST 2%, AN SCRH 3 MRS Y(FBT A 8T, 5 DNEASPI(E 430 55) 10 Mg (A
HMEFREE) SRR . 8] 2 NRERS I .
5.2. BITER

pDEPSO HEMS I EM F: NP=80,¢,=c,=1.5, ©,i=0.9, 0oq=0.7, F=0.3, Cr=0.8, M=
3, BRNERIRECH 20000 X FAFBRGRHE, HETiEd pDEPSO &Hi%k, itk rissa AN ek Zolke Sl
2eanfd 3, FATATLLE H pDEPSO Bk i) X 3548 22 R0 [ 31E NAE 2 WL 7T LS HLas A8 fs 5 2wl H b
JrmETHE . [FR, ZEVERE LA N E P EA B R, T RE R & ] .
6. &it

R EEERAMY A 2N, Sl EAAESCEE S . EN M ERRF S . AXTE DE &
VEA PSO SLykdkat b, RE T —FoH A P Bk (pDEPSO), 1% LRl 4 T DE HiEM PSO Hiki)

P, IREEXTU SR g SR T S . RIS, R KR $, B0E T pDEPSO SRR SUH FE IS
BRI ahn v B RE SR, Rt Uibre s, tbsh, S pDEPSO SR A# 1 HL &5 NERAR AR 17 .
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Figure 2. Obstacle diagram
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Figure 3. Testing results. (a;) Simple environment-robot obstacle avoidance route; (b;) Simple environment-convergence
graph; (a;) Complex environments-robotic obstacle avoidance routes; (b,) Complex environment-convergence curves; (az)
Difficult environments-robotic obstacle avoidance routes; (bs) Difficult environment-convergence graph
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