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Abstract: Because of its great performance, particle swarm optimization (PSO) algorithm has been widely used in many
fields. The paper mainly introduces application situation and development foreground of PSO algorithm in robot field. At
first, introduce features of PSO algorithm, then classify the applications in the field of robotics, analyze the advantage and
disadvantage of each application, and give the modification opinion. Based on these analysis, the direction of future

development and application prospect are discussed.

Keywords: particle swarm optimization; robotics; intelligent optimization algorithms; application

0 3%

BL T RE DL IE T B 0 Boids #5A4M, iy Craig
W- Reynolds #57, ]2k T B TE LB S iz 3))
BT o A ER AR 2R OK I i S iy HLzs 29 7 B0 S
#, Heppner X ZBERBEAT T —2ekeidt, & T8
) “aedh” BRI, RSRHIR &R AT h. 2tk
PR A K, FF A o A W 36 A A, - Kennedy
Fl R C- Eberhart J* 1995 4F 4 H TR0+ #E O AL 5
% (particle swarm optimization, PSO) ) & ¥)
JBAS

i1 PSO HyEHAM &M, Fikfmn., &
Ui PRSI . R JLE N, PSO HE LIRS
TR RE, FFAEdE 2 W32 77 2 N . m
PSO AL 45 A S 1) 3z F 3= 2R B LUK LT IHi -
1) XFALES N &R PE geF S B0t AT 04k s 2) XL
NI AR AT R 3) FENLAS AN B AR 2 4
iz 4) fEPLEs NHARTT N2 Gis H o 25X
PSO {EHL &8 NS iz AT T 1R 20 25, JF XS
p iz FHERVE T A AR th A LR, Xk

It HHEA: 2013-08-09; 1&[E HEA: 2013-09-16

K0T REM K e 7 M B3EAT T 43 #1, A4 )5S PSO TENLAR
N F s R T B A T
1 PSO B ABIbRMER A

PSO k¥ T Xt “43Hh” BRI eidk, HREE
PR SR 0 BAT N o AATT ik W Zh W 1 A 1)
TR, B BE B3 =R T A b 3Rk
Pedh, HRXFE BILZAE AT R PSO Bk
fiho 03I NG BE VT, R R B (R s, W BR A
DAL A B HES R S e (), PO AN T ) SR
W, BATEHCT PSO MIEAIIRA . {HE 5 AR PSO
ST PR IS R AOR, 25, i Shi 251
X JRUE IS IR PSO S AT ok, N T B A
@ KT UT e A R R, T T 2 A R R v R A
PSO 5.k,

1.1 HZXRIE

PSO HLEIEHE TR I — P L L, R4
PR PR B8 B3 S8R e A A2 15 BERS Bl B AT X
s, B E XAMG AR AL S AR RS A

EE&WMBE: EXRARBIFIEST LD H (10972003) 5 T V6 447 5 564 56 15 v vF )8 5 205050 % JF e 4 00 H (2012KFZD03)
EZEN: B 987—), B, WAt A, Wit, MK TR B AW



51 P 5 45

Pk R RO S SO AE LA N BRI ] 77 ¢

MBS T, 28R 24 i D 4= 18] 4 i — AN i
FARBL, BA TR AL, R TRAS R TR 1)
PrE TS o B2 R 48 R s (A v DL — 5 B &
17, XA 2R S A5 ATEL LU T
b AR AR ) RAT A I R YE ). IEIE, EE I
i MR RN N Xi(Xi1,Xi0.Xi3,-..%ip), ‘B ITE 1L
W LA B (F S I 1) Fitness, RIG&E NV AE) id M
Pipit,PiasPiss--pin)s WA Poess 7356, {ETEAFH
T b P SOk P 2 0 (0 B i B RO Py, RN
Goesto B 1 RLT I B vi(vin,vi,viss. . Vip) 7k
W AE— X D 422 5 AR LT 7 Bk AT 14K

= vit Ul (pbl - x))+,Us(gh' —x)) (1)

M= x4+t (2)

Hrb: o @, 4 mIRR Ry “NEn 5 S B R A
AW, —RBUER 2; MU UL 2AME
0~ 1 2 Il (LA

K (1) P MOk BB R E;
TR MR “ NN (cognition) B, UK EYE
TR AN B (RPR AT SLR BE (R RE s 38 =30 “ At
4> (social) 7 #B4)y, Ron&RL 72 afE B2, R
TP R Atk 6 B — AN R I S
1.2 BERE

PSO Frif 3 kA FEan F -

1) BIaate— & 2w 1k 1 BEAR UL m H 4 75
SKIEH) 5 I A B AT BE ML 73 BC A7 BRI 5 B

2) WRPEWE TR G B AR, PEAN BEASRL T (1)
Fitness, B[R~ 1% & W i 5

3) TR, I Fitness SH& K
AL E (Pyes) [ Fitness BEAT L&, Wil g Rig 2
AR AN R S5 A0 B, D) B S 4 W B B A AL B
Prese (TR FAH, &R0 1] 4R A7 Bl 1 o 3L
AP E) 5

4) XFFERARLT, AL Fitness 54 iy HiAth
WL T 28 DI B AL B (ues) ) Fitness BEAT ELAR,
W S 25 L 2 AT A SR B LRI ) B ST 2 I
YA &N 4 R B goese (TE 55 AR, P KL 4]
B ) e DAV B A T D R IR 4 R e D

5) AU (1) MEATH BT, 153 T — &k
THEE, BAM Q) BRI E, 132
Br— AR T

6) 1R B A IE BG5S A, Wk [E] 5 R 4k
SEREATIEA, B2 2T 1R

Vv

2 PSO HAHIMRMKRMARELE

H R, 6F PSO SHEIMBEST 32 2 H D6 3 /N5 TH
JF: PSO BIEM AT I PSO BIL I S W 51
PSO HVEMP BHFST. PSO FERIAIFIT = B 2 ) 43k
(1 B B 5 T ST, RIS e Stk . B
DA R W S FE 45 . PSO I et i 9 B v A it B vk
(5 T s v, WSO . R AE ) A
i H 155 - PSO R4 Al 9T 3= B £ XF B A PSO —
HARABM R EBMAs i, ULE4EL H
PR LAk 7] 78
2.1 PSO EM# R

XFF PSO Bk A0 57 £ B A TP A HVE I
JEU BRI UE FIE B 5 1, NPT AT S EAT 2 B e R
H Shi 58 N5 1, A AEW R RO M EEmE EnAN T
BERCE o PIMES, IR A A i F e

vi' = ov] + U (pb! —x))+ .U, (gb" —x/)

5 RCEE [P I N AR RS T W)U RRAS R Ui e B 4 2
FEIRA RN, (FEHAER KREE LT T
RO @5/ € = =S TR M 3 E L

AL, B4 Clerc Xt PSO &k Fa g MEHEAT 1Y
WFERY, AR A SR R AL B Y T AN R Y
M R4 UL Kennedy X PERERIHIST, b &R Seih
VHE T & Fhdn b 45 K % PSO Sy 1) 1 R s, ) BR
fi PSO it 5PERe 2 M P REHE T —w 2t
A Blackwell &%} PSO 22 B ik 2k 1) i
BEAT T SEIR I AE A P8 0 ), Jiang WFSL T PSO
LS A 22 S o1 oo XTSRS
(1 5% w4 o 1

Hur, &Fx PSO FEmbAif 57 J7 T i SCHRAH X 45
b, T HAR A KT PSO WSk Al S5 B DE AL
AR, At 5e .

22 PSO BUHMIR

XF PSO Mk vk i o8 = AR TR AE 2 AN 5T
— WA AP PSO A B (&, DLk BT
RE vk 02 ¥ PSO Sivk [ Hofh 2 Re 57 vk 45 A it
Ko FH ORGSR FE 7 g RE, R B K AN
IR
22.1 PSO K#tH ik

SCHR 918t T — A H I PSO 5k
(comprehensive learning particle swarm optimizer,

CLPSO), imitfEtndfin PSO S 3Emt Eol NF i



«78 . Exagai

33 %

2 ) e, IR FH AR 1 0 7 sk e D015 R R A
L R B R AT BT, X SR el IR 1 1K 2
P, B SR R IS e hese B IA Ky A 3 BBV
Weslod P E 2R R, BRI /E CLPSO A 4 H
Puese Bl gpese BEATH L TF, 1ZMEH Presin KEAT
ST, AR TR TR T WA RL T ) e
2% . CLPSO B ARAE IR K 2% 8 LA KBS 1] |
AHXTFRAER PSO A7 — & A3 I, 5 2 I A8 fif 1 Ja) 6
PR A J7 T BE 8 AR A7 I O, 8 S AEAf b A R
PR G A

T3k, SCER[10T4E H 1 Jmy B #5841 1) PSO B3k g
i AR 407 i f2E e A 22 A T R 25 T8 ) AR A 1 1)
ALy SCER[LT]E Rk T AT S0 iORL 1 1 ool o7
5, DIV S A 3 R B BT v o N B R Y A R
IR S, DASR el s SCHR[12-13 14t 1 — i Jik
T A EAE R PSO, JERMEE B T K AN AT
TR/, XL I AE D YE S (] A [ 4E B E
ITHRZR, JENHE T MRS TR 45 R 52
A KEPBFFUE A —Le E #R 5| A 2] PSO
T, A PSO BE R BRI K AR TT .
2.22 PSOBAEE#HE

PSO i 15 4 fie SR Al A RE S 3% [A] PSO Sk
giaifiok, LUARIBCKAMNB IE ] o SCHER[14-15]97
T MBS VLR PSO M4 A 1 57 (genetic
algorithm/particle swarm optimization, GA/PSO) .
BIFKE PSO MU A% B35 45 5 i R EAT Bl %508,
W AL S Ik P L AT RIS I\ B AR fE PSO
SR S A B SR T, T T AT AR
B P ¥ &L X (velocity propelled averaged
crossover, VPAC) [ . %50 HUAR A4 T 8k
W, H 2 B A L AR 4 (98 = e ) ML AL M RE

SCHR[1615¢ T IRTERE R [7] PSO 59k 45 & ik
il PSO Sk, MWikfE PSO 5l A [ W AR MR E
F (adaptive inertia weight factor, AIWF) K %4 i
P47 PSO I3 R ATT A RE ) o 1y HOR KT T R
1020 3 F 4 R A

B 1 2 Ab , I AT AR 22 B 90 4 K 1 T O Y B
T B, BIGR K. AR RERE RV RE
SV A PSO SL S & il k, TR T R % 2 (1) PSO
BASL. HAr, EXF PSO M H AR e Sk AH 45 &
FRIAIT 5T & PSO BIFFTI AT J7 o)

23 PSO¥R#R

EEX PSO Sk — H AT 2 HAx AL 7]
AL, SCHR[L715E T — Pl & Sk W% 22 H bR BORL 5 HEAL
15772 (multi-objective article swarm optimization,
MOPSO) o %K IF AR KU e Fh A 1 J7 925 K Ak
2 HAREAL I R o i SR — Gkt P ke dir 3 LAt
BL7 1) RAT I 1), () N ad i ) — R ok 1 A S B
KEFMRAE S RFRAEM 2 H AL 1) &5
T A7 AR 5 ) P

BEXP AL R R, SCER[18] 4 T — M &
PSO 8%, 1E PSO I A4 S fIAs C#R AR, Jf Hlid
b AN ) A8 S IS STV AL & e, a9l —
Tl AR e FI A2 X7 1%, W) PSO 4545, MRk &
et ial . BAR, R ERIE A AR T B
H & XS — Y820 S 0 Ak 0] e A % 73 1) AR ) 45

LB B AE PSO 417 & J5 T F AT 58T Jig ik L8 /D>
BHRKZ BSOS 2%, DI T 903X — S0 i it
TR T PSO HIRI A AT T AN E 3

3PSO #EMLE A GBI H

i1 PSO MR 8. & Tae B, DRl J 390 A 43
FRK KR, AT 2] T B4 vk S 5T )
W, JRAEAR 2 A0S BNV H,  anblds A8,
NARGAMA . TSP B, MM 2 ISk, B07 itk
et BREARAL . A F RN . SEHHRS .
3.1 PSO M & AL ay Lz B

PSO 7EML# AL i B ] = 224 2 AN D7 T
— AL N3 22 R P A 45
IS H . AE WMok, HH R #E S ZE AL
W/ANRIB R, HFHIE )k B — T EEk .

RR[19-211/04H T PSO ke NEHLEs N5
S EE . NTENLE AN IS 5 3882 |
HEASHEGIN, T SERAETATE, S TFA
[F] R 20 A5 FIAT 38 O 0 5 B B A R M 248, JF
X IX 4E SRR AT A o T8Ik XF I P A& 1) Fitness
AT IR, SR MRS H R ) 2 HhiE T 4%
FAT MR . SEER g5 R, FIH PSO itk )5
(A7 26 R A 2 T W AR T, R M e
HR[22-23]%F %} RoboCup Hl#s A K%E, 1ZH PSO
HEAT L B ML A AT TP &0 .l ML
Ml 1) 25 2 B G BN T, KL 2% A0 1) T 2 T4 R A R
PEAL I Fitness, A FHHLAR S0 8 B 1f 4 BE8 HEA7 1%
R, Ba SRR ARG ThRe, A0 IL B8 5 47 M



51 P 5 45

Pk R RO S SO AE LA N BRI ] 79 ¢

S LRI H o A g5 R 2o, fEH PSO fifb Luikd
A 8 A% S0 AL 7 8 O B, B4 400 1 i gk
AR T BT STER24)FIAE 2 A PSO
SRR N LS NI ST, AN R (1) 2 X b
YAt 2 B0t 78 RO L R BEAT 1K, 1 1 A5 i T SR
He B DAL TS RE S BT ) B — R B AT AL
o AL UF AL AE Tk ph 2 P 2 42l N 2, g
AR NS N | R L & B v < (s Y W S W W
SCHR[25182 A PSO S AL AT A i =X
& "= #% (central pattern generators, CPG) B #% )
123, CPG RIS AR WZEI S T, K
WLAs RN LT IZ 8 . PSO S5k A B 6] IX 2l
2 BT RACI, S8 N\ 3] PSO HLh 24T
AR, ERBNEEh R ) — A S5, ik
XL I S A - ALK, SCHER[26]K H PSO
FLH Powell BLARAH &5 & AL AL S5, X 5ET- CPG
PR A R LA N AT T e tith, HIWETS
th— Mz 3 ZHRE BN AN AR —T7 10 W # 5))
MPEIE B e, el SIS T 4l gy BEAR
ARACEE R o FESCER[27],  [RIFER A PSO KRALAK
L A CPG #2128, AR Z A Ar T %30 & K H
2t CPG, JEMHZH MG SR, A
PSO RABAIEHIS M) Hid . SCHR[28] 32 2 X /K
THLAS N, 6 TSR 45 5 R PID 45 45 5 1
S T I A BEAT AL, IR Sk PSO SERT S
BOFEAT OO, Ak B S I R O
3.2 PSO M NERIEA X rY [ A

PSO SR AEHLAs N B A2 BRI 5 T R W 9 4 %
IS E R SCIRB R Z, i B K2 AR 5 4 HoAb 3
B TR AAL R AR

SCHR[29-3 51412 A 2 Fh 22t 1) PSO 59481
# AH PSO Sk ML Al Bk AR R U5 ik 45 A 7 5K
KX HLEs N AT s kAR 24T MR, f el U 1T
BORI RS RIE ] BOR 2 B A5 20K . BRICHR[29]
Sy TAENLES N LIS A5 R AN, JE A SCRR AR 2 A
PR A B2 AT L AR R R R &5 2R

sEAh, SCHER[361 40 T — Fh g il ik B fBoR 4k
BEE BN BB RN, e i Sk A
(1 P 15 R £ i s A M Al SRR I A 30 8, OF HLE L 15
IR S BokEH B S izdikEs. E5 A
PSO SEX WA N HII8 3 ik A AT T K

3.3 PSO 7FE#l 28 ABHRIZHI Ry A

PSO {EHLAF NREAR S 6 170 2K E2AT: 1) #l
i NREARIZ Bl 42 0 A g A2 2) AL s NREAR S 2
el 3) HARRE AR S

SCHR[37-381HK 2 W FU L s N HEAAIE B 1 -
SCHR[37] 2R Bt — RS LAE AN, XL A
(K132 B e A o i T — A S PR R 15 ) b s I H
¥+ B (augmented lagrangian particle
optimization with velocity limits, VL-ALPSO) {.{t
S . I XA SR S LML A N 2 18] s B 5
i, AT AR ARATT AL BE W 7132 Bl i R v 3 G AH B2 TA)
sl dE, i HLAE L N BERS 58 AU RAFTh g . X
RR[38]2E T PSO FLEXS ML A 1A 75 A 50 4 5 1)
UNAGHE S E/ W R ECE A IR PN RNt (S
IR IR BT 32 Bl R p R S AH B, T L BE A TR
—EHIBNE . STHER[3918¢ T —Fh A PSO ik
P AL A N AR BEAT 2 DA AR e 1042 1 7 vk . AR Fa AL
i N BOALE AR Bk MG & 8, JF Hig J] PSO SEX)
BB AT LA, DA &5 R T SRR A A L a8 N BT
PRNITEAEEAGALIR SN TN USRI

SCHR[40-411/ 4R T PSO SLILAENLAE N BE 1444
R H b IE o 3rb SCHRT40, 42748 42 1368 [ 58 )
HARBEAT R X T2 19 H AR, KL AR
HIREA WL & N S R 1 — AR, AR ATTRESR
73 B A5 ORI At )4 i 48 R A5 B, AT PSO
FEVE R R PR e A R B H bR SCRR[41]/2 PSO 55
IEAENL A8 NFEASE R AR RN ] o FIET 2 58 A
[ Z AT, MPHESE A A E AN S0, AL
TIWRPEAR R, AE 15 T 4R SL i HE B R R . £
AT R S B T MR Al N R B R R T R A AL
(probability-fitness-function based particle swarm
optimization, P-PSO) , it i F| F HL & A\ A4 Sk AR 4
ki, PUE R REL K, Jf Has 05 27
VRIS AIE T A AT .

SCHR[431 41 T A eeidt PSO k0 R4 K4
B RBAT LA T %, R — JE s o G OR 2R
e A HUL s B AT R A, H IR PSO
A B /ANE SRR DR, SRS ) ) ER
FHRMAT 2 B 1 PSO B30 BT T 525 .
3.4 PSO {EHLaR A A Al Y H

PSO SLVAAENL A N UK ¥ B B 17 BL_E L Ab
AR 2 o AT LA, A B RERS 4k 2 55 2 JUAL 1Y Fitness
fE, whn] DUE PSO FVEREATIRAL o

Swarm



«80 ¢ B K K12

33 %

SCHR[44177 28 T — Pl TR0 fih 28 109 2% (1) 75 4%
BLAR N, 75 5 A 50 I ROk o 28 I 2% Ji B L 25 L 3
N, HUEEGINLEE NIz 3). 75k PSO Hikpk H >k
W ZRBOR fl 25 I 2 (1 240, IS PSO Y45 )5 RE 5 15
H BV AT 4 A

SCHR[45]F)H PSO SIE R HEAT & BRALAS A 1) 30
TERE BRI MEE et T — R T PSO a1k
Bk, VARG —NAMEN A, R
e 1 HARNE DA BLEE N o BidATE 4, JF HRIH PSO
R EREHLAR NAHN (W) B PE

CHR[46]45 H T PSO BELE T T A HLEs A E
(RN ] o 28 5R 400 3 ik RBE il p 2% Sz, A8 IR 51
TR s, LA AR 2 (R AR R — AN A iE
PR A e ORUE TR I RCR , 72k PSO Skl & H ok
PEARAL A% N TR T IR 2 TR ) i B o S &5 R o,
FIFH PSO Fl RBF £ W 4% 47 ihll ) J7 1% RE 1 15 21 4R
T IR AR

SCHk[47-48]8 H—FP R ] PSO SiLfRkZ A
HH B ML A% N IR 332 2y ) 8. 3008 3 In) S AE 22 1 fH
MLAR N 5 ik A7, Fl i ) 8 A P i s
AN, Prolab B ka — e, MR A PSO
CNSN SR RIS P o e

SCHR [49138 FH — PioRL 7 3 — 900 2 o B0 2% it o
SR N D= (VA 151 I (o = B e E R = | it
WAL PR /R, 2 Ja vk T 3 TR AL A 2 i
TR LT ARy FEEAT SR A, $vm T EMLAR
N TR i
4 R

B NATIXE PSO HIL IR AW, % H kB2
WK da F i g HL s AT A w3 30 1) 45 o ) AL
ERLZE NI AL T T, PSO REWS I BRI (2R,
B2 H AT Ho s xhiesh 2 8k Ar fede,  LLis 2lfEls
2 ER A, AL T AR rERE, W RERE I
o, B R S e s M 2R i AR -

PSO 71 i#% 42 X)) J7 1 R 58 bR, F 9 B
R RS, (HE 2 45 & HAb K — 242
R T7EBEAT s DRI, A8 5 T A SR R T e
S AE LR sk L.

ULAEK,  BUAE R 2 B e VRV AR BE T 9T 1K) %
i, PSO TEREAN M2 LA KA PR dz sh AL i i) d2
B . HAT, 23X 7 RS AR B2, H

JRA A JE I EERE S5 T . 52 3] PSO SLVA LA
WHEse R RISE W, e e B AR R, Fe il
GBI, A BEAE %S U OR A
A RE % HUAT (K R0t #82 AR K

EHETLENY T PSO FAIEAENLA NG Y
H o 3 I 73 SR2S B A 1 3 8 SE 4 b T i H T PSO 55
AR R HLAS N Lz S DL, JF H45 4 PSO Sk
BRI 5T R R AR D0 oK i B 2 Ffds B AL k5
PS4 Je AR AT ) B e U5 18] Ol 4 Ja kit PSO KT
FUALZ H SR AL T B8 SE Rl R A] AT SR

SE -

[1] &#F. AT Boids ZERAER 49 L AL BLALEE[C]. +
B % F22009% K K2t LI, 2009.

[2] Kennedy, J., Eberhart R. Particle swarm optimization
[C]//1995. Proceedings., IEEE International Conference
on, American 1995: 1942-1948.

[3] Eberhart, R., Kennedy J. A new optimizer using particle
swarm theory[C]//Micro Machine and Human Science,
1995. MHS '95, Proceedings of the Sixth International
Symposium on, American 1995: 39-43.

[4] Yuhui S, Eberhart R. A modified particle swarm
optimizer[C]. in Evolutionary Computation Proceedings,
1998. IEEE World Congress on Computational
Intelligence., The 1998 IEEE International Conference on.
American, 1998: 69-73.

[5] Clerc, M., Kennedy J. The particle swarm-explosion,
stability, and convergence in a multidimensional complex
space [J]. IEEE Transactions on Evolutionary
Computation, American, 2002, 6(1): 58-73.

[6] Kennedy, J. Small worlds and mega-minds: effects of
neighborhood topology on particle swarm performance[C].
Evolutionary Computation, 1999. CEC 99. Proceedings of
the 1999 Congress on. American, 1999.

[7] Blackwell, T. M., Bentley P. Don't push me!
Collision-avoiding swarms[C]. Evolutionary Computation,
2002. CEC '02. Proceedings of the 2002 Congress on.
American, 2002.

[8] Jiang, Y., et al. A Modified Particle Swarm Optimization
Algorithm[C]. Computational Intelligence and Security,
2006 International Conference on. 2006: 421-424.

[9] Liang, J. J., et al. Comprehensive learning particle swarm
optimizer for global optimization of multimodal
functions[J]. IEEE Transactions on
Computation, 2006, 10(3): 281-295.

[10] Suganthan, P. N. Particle swarm optimiser with
neighbourhood operator[C]. in Evolutionary Computation,
1999. CEC 99. Proceedings of the 1999 Congress on.
1999: 1962.

[11] Supratid, I. M. A multi-subpopulation particle swarm
optimization: a hybrid intelligent computing for function
optimization[C]. in Natural Computation, 2007. ICNC
2007. Third International Conference on, 2007: 679-684.

Evolutionary



%1 FEH 4

REF LA SR S LAERL A N BRI N - 81+

[12] Yassin, .M., et al. Effect of swarm size parameter on
Binary Particle Swarm optimization-based NARX
structure  selection[C]//Industrial ~ Electronics  and
Applications (ISIEA), 2012 IEEE Symposium on, 2012:
219-223.

[13] Van den Bergh, F, Engelbrecht A. P. Training product
unit networks using cooperative particle
optimisers[C]. in Neural Networks, 2001. Proceedings.
IJCNN '01. International Joint Conference on. 2001:
126-131.

[14] Settles M, Soule T. Breeding swarms: A GA/PSO
hybrid[C]. GECCO 2005: Genetic and Evolutionary
Computation Conference, Vols 1 and 2, 2005: 161-168.

[15] Dong, H. K. GA-PSO based vector control of indirect
three phase induction motor[J]. Applied Soft Computing,
2007, 7(2): 601-611.

[16] Bo, L., et al. Improved particle swarm optimization
combined with chaos[J]. Chaos, Solitons and Fractals,
2005, 25(5): 1261-1271.

[17] Coello, C., Pulido G. T., Lechuga M. S. Handling
multiple objectives with particle swarm optimization[J].
IEEE Transactions on Evolutionary Compution, 2004,
8(3): 256-279.

(18] &, F. RMRATH P R T RIEET].
FEH 5 kR, 2004(11): 1286-1289.

[19] Niehaus, C., Rofer T., Laue T. Gait optimization on a
humanoid robot using particle swarm optimization[C]//
Proceedings of the Second Workshop on Humanoid
Soccer Robots in conjunction with the. Germany, 2007:
330-440.

[20] Kim, J. J., Choi T. Y., Lee J. J. Experience Repository
based Particle Swarm Optimization and its Application to
Biped Robot Walking[J]. NEW YORK: IEEE, 2008:
380-385.

[21] A4k, ALm, KFE NEMBALRDSHFA
B KT BERALE E[C/R2007FFEF & A 3
R, EH R 29, 2007: 570-573.

[22] Wang, Q., et al. Collaborative localization and gait
optimization of SharPKUngfu team[J]. Robotic Soccer,
Beijing, China, 2007: 549-574.

[23] Wang, Q., et al. The 2006 sharPKUngfu team report[R].
Beijing: Peking University, 2006: 1-34.

[24] Juang, C.F., Chang Y.C., Hsiao C.M. Evolving Gaits of a
Hexapod Robot by Recurrent Neural Networks With

swarm

Symbiotic Species-Based Particle Swarm Optimization[J].

IEEE Transactions on Industrial Electronics, 2011, 58(7):
3110-3119.

[25] In-Bae, J., et al. Particle Swarm Optimization-based
Central  Patter  Generator for  Robotic Fish
Locomotion[C]//2011 IEEE Congress on Evolutionary
Computation (CEC), Republic of Korea, 2011: 152-157.

[26] Wilhelm, F., et al. Online optimization for the locomotion
of Roombots structures[J]. 2012: 1-30.

[27] Chen, W., et al. CPG-based locomotion control of a
robotic fish: Using linear oscillators and reducing control
parameters via PSO[J]. International Journal of

Innovative Computing, Information & Control, 2011,
7(7B): 4237-4249.

28] BHKR, BAX, 7 & BGHPSOKXAENKTHIEAS
WiE S AR T ey L A [)]. R A S LA
238, 2009(1): 153-160.

[29] Das Sharma, K., Chatterjee A., Rakshit A. A
PSO-Lyapunov Hybrid Stable Adaptive Fuzzy Tracking
Control Approach for Vision-Based Robot Navigation[J].
IEEE Transactions on Instrumentation and Measurement,
2012, 61(7): 1908-1914.

[30] Hsien-I L, Yu-Cheng L. Minimum-Jerk Robot Joint
Trajectory Using Particle Swarm Optimization[C]//
Proceedings of the 2011 First International Conference
on Robot, Vision and Signal Processing (RVSP 2011),
Taiwan, 2011: 118-121.

[31] Wang Y., Yu X. Research for the robot path planning
control strategy based on the immune particle swarm
optimization algorithm[C]//Proceedings of the 2012
Second International Conference on Intelligent System
Design and Engineering Application (ISDEA), China,
2012: 724-727.

[32] Li, Q., et al. Path planning of mobile robots based on
specialized genetic algorithm and improved particle
swarm optimization[C]//2012 31st Chinese Control
Conference (CCC 2012). Proceedings, China, 2012:
7204-7209.

[33] EAF K., #1, £%. L FDFPEPSORAE R
M A ZHLRI[C]/20074 F B % 48 A ShibLil. F
B = 291, 2007: 510-514.

[34] THem, T4%. ATFPSOMALIEGEESDIE
AFBBAR TG EAN]. FABEIXFFR: ARAM
R, 2010(5): 727-731.

[35] Buek, F#E, 2%E. A TPSOMERIHMAY T H
FRFZTHAIE AT ERZNR[T]. ABER,
2008(2): 260-265.

[36] Hua-Ching, C., G. Dong-hui, F. Hsuan-Ming. Fuzzy
Embedded Mobile Robot Systems Design through the
Evolutionary PSO Learning Algorithm[J]. WSEAS
Transactions on Systems, 2011, 10(8): 259-269.

[37] Tang, Q. R., Eberhard P. A PSO-based algorithm
designed for a swarm of mobile robots[J]. Structural and
Multidisciplinary Optimization, 2011, 44(4): 483-498.

[38] Qiang, L., Jiachen M., Qi Z. PSO-based parameters
optimization of multi-robot formation navigation in
unknown environment[C]//2012 10th World Congress on
Intelligent Control and Automation (WCICA 2012),
China, 2012: 3571-3576.

[39] ik, G&#H. K FPSOH % M A% ALz HI[1].
KBRAIL K F F IR, 2009(5): 383-386.

[40] Prasetya, D. A., Yasuno T. Cooperative Control of
Multiple Mobile Robot Using Particle Swarm
Optimization For Tracking Two Passive Target[C]//2012
Proceedings of Sice Annual Conference (SICE), Japan,
2012: 1751-1754.

(%% 88 M)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


