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Robot 3D Path Planning Method Based on Ant Colony Algorithm
and Parameter Transfer

LIU Ke'? LI Ke'? SU Lei'> WANG Kun'? ZHANG Qiuju'?’
(1. Jiangsu Key Laboratory of Advanced Food Manufacturing Equipment and Technology, Jiangnan University , Wuxi 214122, China
2. School of Mechanical Engineering, Jiangnan University, Wuxi 214122, China)

Abstract; In the process of three-dimensional (3D ) path planning for robots, the efficiency of path
planning is greatly affected by the algorithm itself. For the purpose of the shortest distance, a robot 3D
path planning method was proposed based on ant colony parameter transfer algorithm. Ant colony
algorithm was used to find the shortest path in the robot environment model which was established by grid
method. For the parameter selection problem of the ant colony algorithm, the parameter transfer algorithm
was used to obtain the optimal parameters. The known environment model and its corresponding ant
colony optimal parameters were used as source tasks, and the source tasks were mapped to high-
dimensional spaces. Connecting different source tasks through transfer parameters, the parameter transfer
graph was established based on the knowledge of graph theory. The parameter transfer map was extended
to include the target task, and a set of ant colony optimal parameters was assigned to the random unknown
environment model. Simulation results showed that the ant colony algorithm based on parameter transfer
can complete the robot 3D path planning quickly and effectively. Compared with the traditional parameter
selection method and other intelligent optimization methods, the ant colony parameter transfer algorithm
can greatly reduce the time required for path planning and improve the path planning performance.
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B BRI B R AR
1.2 WHEEESHSHN
WO AL F A RSN A5 B R A
MFA SR, K EEETSHN a B.p.Q, HHIKE
VR FAE AR 28 38 iR B
[r;() ] [m,]" Gem
> [rp(0) 1% [n,1° (1)

keN

0 (HoAt)
T,(t+1) =pr. (1) + A7, (2)
Q s Y ke 1 i
S AU=Vk(ﬁkRMM%ékE) (3)
0 (HAth)
Ap PLG)—55 b RO\ 80 Ak v %
A T AL YRR
T, () —TEBR § EREEER
m— s j AR i A S R AE
ao—REBELRSH
B— R EAXH TS5
N——H W4T 60 IR — 25 By ) 47 4R
Ar,——If[E] ¢ 3] ¢ + 1 BBTEE B R H
p— TR BRI R
L,—— W9 w48 -1 B A K
Q— Wi E R RmE
SR p (WAE B 252 T B AR LR 0%, p 2 K,
MR EN SRR SR G, S A1 e i
VNI KL i
1.3 Z#%KEOEEEN
TR SEIE BT, A5 A DL AR N B AR R R Y o
Tl I A8 A /N I ) SR, o 0 ) g Oy SR AR R
g3 2 ik 2, XoF I 3 RS AE AY H X Ty [ g ORI
—JZEE T PR — AT LT P Y
i A Z 5 AT B AR R, ST AT B R A
DA ZEHE , 55 J5 B0k B Ar a5 8] — R 12 . s
SRR, A A, T RS S Ry =, 7E B
BRI B 1 v 0 1Y) 52 Bl AR X L A AL A N R i P
Fras R sl o XX B ) Ak 1 Bl gs iz 3l 7 =X, 15

Pi(t) =

AZIN

WONF-T0 R, B2 2F 1 R, B, LR 2B 808 A
By (y.=10,1.20) , of ERE T 2, (2, = 10,1,
20 BEAR RE O N 3 BT .

B3 B AR R U

Fig.3 Path point selection principle

W CAE ST R, E A pl (xyLy,,3,) BEHCT — -1
R, . FWRIAT R pl (xgy,07) M BAR AR 0F

(1) B SE i X pl S F —F i R,,, i
AATREE pipL.pas b o

(2) 3 AT AT 4 p AT — S KA

MR (D) BB R,,, E & S
HEPL(),

(4) A3 fh Bl AL B 091 00 26 % R — A4S B 4% 45
Pho AR

) arg ma))( (Tijnij> (IJS%)
P { @)
S (q>%)
A S——RHHE (1) 45 W A =32 40 A B ik B

I KAH

qo— XA [0, 1] i 2K

q— X E [0, 1 ] 2] 50 A 1y B AL AR
1.4 RERAXEH

Jet &SRB HLES AN = 4 B AR LR S iy
SRS, ELHE R WA B 1k RE AR 2E AT PR | v R B AR
MR o A R T it B B 4% ol DR SR AR T A AR
RN BEE R B . A SCRYBIL AR N = 4 % AR BRI B3k
BOR % 4 AR R I A D As T R . AR
AEEOR AT — R e R EA N
n(x,y,2) =S(w,y,2) [D(x,y,2) " [F(x,y,2) ]

(5)
Af S(x,y,2) LENR, BET— it
ik
D(x,y,z) S T ) IR 2R, SR BT AL B
fe R AT REAT , I E] R A] AE /D
F(x,y,2) 18 31 AR 2R B BRI Y

% A7 AT BE ML OF- T R
P gl MLE A £ 3
w, w,——FL
w, w, BUE HYSE 55 42k AR A5, A SOl IE A8 58
5535, w, =10 w, =5 0, &2 FRBCERELT .
FEHASANBET R ZE 2R R S(x,y,2) £ =



32 Kok HLOB ¥ R 2020 4
Yk P15 EREINE of M A% 1) B 1K A% 23 S S T AT o= =1,/ (9)
WS 5 Nip,,py, o p d MIAEAT IS EE Yip, . p,, Krp L, —— WO m, fE S804 p, LRI
coupb Sy, 2) BTBUE N I AR K

S(xuy.2) ={1 ((x,y,2) eY) (6) L——WCRERL RS m, AE (S 504 p, BRI B
o 0 ((x,y,2) eN) [ Bl 42 K g

BB R R D (w,y,2) % B HAR R ] i, i
R AlGED o N MLAR N 2]z 3l BT DB A2
R B RTI (o) e /o B D (w,y,2) R T —F
b AT AT R — i (v, 2) B R A (L
z,) I B D K R0 T8 9 2% i 1 B A B R
Fio D(x,y,2) RN

K,
D(x,y,z) =

(v=x)" +(y-y)" +(z-2)°
(7)
L K—H#

BLas NAE S8 b iz 3l i A v 5 A 2o il 3
AR B B 1 0 s 55 BE 1 45 5y ) B B4 ) AL
DRI 7 B A ML K 505 o o B2 8 AR Y T
WS AT RE R[] — s AT o N, A SCHE R
RRBH MBS R F(x,y,2) i8N

Fla,y,s)=— 2 (8)
lz, -zl +1
Kb 2 F AT A R — A 2 Ty
1 b A
K8

2 BHITH

AR HIT ST, 6 % WU S5 v B2 RES R,
MEREELRSH o« MERANTZHBEERRE
AR p VL RHTE R BRSRIE Q AR 4, B4
M TTET A AT 55 M LS. 4 € 55
o T 0 F AL 5 R — TS5
by, FR AT NS IO PR SRR B B R m X HL AT B AR AL
R AF AL AR L, B BERL m A5 X R e S
WAl p = (a,Biipi, Q)0 XNSEA p, W RIAEA
A4 55 o, H#EATIERS .

2.1 EBIERE

WEIRAT 55 56 o, | WG B — A g 4 25 i) R, 1L
FEPES BT B EIE =06, 0 % T8 2 A
P SRR R 0 =4 3T B8 25 6] i oA i 5 A ) 4T
55 [ SRR T R ML RE , 2 8] P Ry A — A AU R —
ANVRAT S5 ¢, FoAE =5 (8] v (9 A b i 2804 p, KRR,
AR E R BIERS R S R, TS
B AES5 o LS5 o X8 N A9 BCRERE RO m, F m,
BALSHA I3 p, B p,  SERBPERES BORY S Lh

SERPERE S L 0T DL AT %5 m, IS BT
AT 4 m, W AVERE I FLIAT 55 [ B 52 4% HL AT A
M B =S, RS, =0 i, L%
E R BB IAE 55 280 I 16 2 506 T 0 1 1
fe. [, <O fLERM TR MG FRIOKBEL,

e as ] RO A URAT S5 L0}, L AT 55
HISE RS PERES HON

A W T 45 2 16 1O 1 e 2 T LA 7 15 7%
Wil A, LA, = [a,, 1 H95E XN

. .
“”{mmnm» Gz Y

g T 7 6 R A AT S5 2 O SE RS HERE L 31 A
I, RIS EGER A ¢ i 2%
ST P P LR UEAT 45 4 Lo, 0 X I B9 B 5041 P =
[PV BGERHERE A, I G = (P,A,), BHGT
B G 45 A T A R 45 A AT %5 % A 5
P 2 RN a, .
2.2 RIBER

G =(P,A,) 0T LR BT 55 22 I 19 5 B 1
W HEAT B 6 A 4T HARAE 5. HARIES 4 T
FL A FARAE S 1, FENBES, BARSEE P Y
WE B S S RANES. ST HEIES 0.,
FHBEL A — LB 5 poey = (s Bors Poer
Q.. IFFLA R AE 55 % H AR AT 95 0 T 5 1 fE 5
=k S
. A f
4 [f o]

P RRHSEGEBIE N C= (P,A,) , Jih P =
PU fyo ) o 7600 HARE 2 T80 2 $Um 5] A b
B RO, WS RS F R TS5 4 T 5K
4 PRI G2 W F. TP, F hig— 1%
XN WERE T m, 3 B — S8 p, = (o, ,B:,p: s
0). FNESTSEA P WIS ER F: TP &
ELIA L T LK R & P Al 2 8GT B 192 ST AR,
HE TP, L IR L5 31— A 5 56 5 F o U AT 55
[ 28 5 S T B B BARAE 55 1, AT 72 B B AR AT
SR B WAL P, -
2.3 BRESHBRSHRK

TR IR E T AL S5 S ETRE G =
(PLA) A3 HE n TR 0 x n AT B P fiE

(11)

n+1



513

XUTT A T WA S SRR R PLE A = 4R B AR ML D5 ik 33

SR i AT 1) 1 A, AR RCE T SRR P S
W B AATI p, A d, = Z a,;, &

XA R D = diag(d, d, ) AR E A0
PR 38 2, B HOE RS G5 P A
L=D-A, 2[4 WX FR. 4 L AT 50
B L=0AQ0" , K Q=(q,,q,,,q,) =& L [4F1E
SR RE A = diag(A,, A, A, ) J& L (9 H5GE A%
AWM, IFHO=A, <A, <<\, Hyq 5,
Sl 1

T RIGHSEGERE G = (P,A,) 41 HI L
{9 €130 0 RS0 40 B I 55 G 000 7R B A DA% 5 G
mimmgow$cﬂﬁ&>ﬁﬁiﬁﬁ&%%
BBEIE F = (pyopys e opaay) s 2R A HFAE 1] 15
%éﬁ%ﬁﬁ*ﬁh+Ux0%%ﬂﬁﬁ%W,
{75 F = QW. B Q KT n 41 AT 45 i 5 , 1
Q=0 , . (/N Tkl L5

W =agmin( [ F. -Qe| + | Vie] )

(12)

Hob,F = (pyops - I VAe | RIETF F
(5 Tu@ﬁﬂmﬁF¢Mm%&ﬁé%f
%ﬁﬂﬁA )

(VF,VF) =(F,LF) = (Qw)" (LOw) =

A AAAA

©' 0'(0A40'00) =o' A lw=0"do= | Ao|
(13)
SR AfBUE A W on] 15
W=(Q'Q+A) 'Q'F (14)
SR RIS [ WIS, FFH BT R B F = QW 5k
WP, A% T bR B S n o+ 1 A7 B H #r T
SR RIS EA P, o
AT B 3 T O SR S ECE R LA A
YRR AR Oy R R 4 TR

3 MEXRESH

3.1 FENEIRE
Ll Fanue LR Mate200iD BIHL 28 N fy XF 4, %f H
AR i AT i 0 HE AT B AR R 0 B, Bl gs AN &l S
i/~ o Fanuc LR Mate200iD BIfL#5 A2 6 B
e TAr Hlas A, Az 45 Fanue R —30iB Mate B,
TESEATHLEF N A EAE ML AT 55 1), HLAS 42 &
ity S B AR i PRAT e 10 KR i £k, AR A s B
AL N 6 ST B I A, I Sh LA A
TE0 FLIREE h 58 MU AR € AT 55 sl A, Bl de N = 4E07 ]
BRI IS 6 7 o A 36 UE A SCHR M 7 5 1 O B vk
ZHCGT R R P N = 4E B AR LRI 500k i A R0k, £

FiRl WL
N

TSI 5 BT =4 T AT AR
F SR i R kR | | ﬁﬁ?wgg‘{ﬁﬁ”

! !

IRIBEAE 5513 PR RS HE I, 4 RIS RAB NS B2, 5
LS ST TR

: |

YIRS I & Hiw B IBRGESE—2  #TR
255 B RS EGER A TRfE B AR

|

X RS R  EE N
B3| HinfE % it

LR LR S
A HIMES
L |

AL
RS — A5 27

HTERELR

Bl 4 BT OB S HGT R L AN = 4812
F Rl B AR
Fig.4  Flow chart of robot 3D path planning method

based on ant colony parameter transfer algorithm

5 Fanuc LR Mate200iD BIHL %5 A
Fig.5 Fanuc LR Mate200iD robot

FH = 4 P15 50 b [ R A7 0 LS

ARG & 6 JIr 7 HL e A AR 2L I A B0 355 R T 00 9 AN
[Fil (8 P AR SCHR s 1 = 4 B B AR i X AL AR
[l VE M AT: 55 6] 14 3 558 2 A7 S5, 753 B AN 181 7 7 7 1)
PEIIEE . K Ta ~Te fF 0 IR AL 55 19 R 58 07 H AR
BB TEAE S A AR 55 19 BRI 07 RS o 5] o Al A
PIAREKREER Y, XY TF 1 A B0 A AU SR S bR

)8 . i
iy @

v

B 6 Hlés N=4ERR
Fig.6 Robot 3D model



34 & o Bl B ¥ iR

2020 4

(d) IfE554

0
(e) WHESS

K7 L NIRAE S5 5 B bR AT 55 $R BT A2

Fig. 7 Robot source task and target task environment models

AR
3.2 BHIBERETEXMIEIR

N T SR AR SCRT 3 R 9 A R R B S
BOEB WO S HOE S R R S Bk £ )ik
PEATXF B o ol P AL 0 A0 5 6 i 22 2k P A 1L 4
SRER A B AL 55 F RS, B U S
ERS ik FRE SR AT H A A I
155 19 22 50 MR T o Ak BT B8 ) H AR AT 55 L, 45 i
— I AU, A FPR AT 55 ) LY B ) — A%
A, I B 7 0 A A R A R A

AFEAT 55 28 Z MR TR PR RE 2 1 Bos,
mapl ~map5 &AL 1 ~5 BPFEIHA  map6 & H
PRAT 55 Y PR BT

®1 BESZANTBEERE

Tab.1 Transfer performance between source tasks

FREERIE  mapl map2 map3 mapd map3
mapl ~0.0034 0.1077 -0.00038 0.0188
map2  0.0207 0.1077 0.0015 -0.0434
map3  -0.0506 0.1167 -0.0122 0.00438
mapd  0.0107 0.0229 0.1156 0.0100
map5  -0.0061 0.0302 0.0595 0.0109

# 1P RRIEE S SR BT B AT 55, %
fE55 Z 1B R E R PERE H i B8 S 8 f, 2R 7R o Ty i
TR AT A BEALIE , B 10 Y 52 50 K4 19 °F- 1
EENERRATE A XETIR . AR ATLUE
L, 28O 19T B AR 2 8O B e B, B
[ # L0 BAREA VL5 R 22528, 2
FUZBRS W AA —E ML X B, 045 1755
ZHROSAL 55 3 WIT BN IE 10 3T &, BEWI AT 55 3
14 B i 22 55 2 O 22

K2 NF WAL 55 S B AR E 55 i IT B PERE
o BARAE 55 2 Tl — 4L BE L 2 4, 31 53 4% IR 55 %
PRAT 55 BT B PERE . R LA IRAT 55 3 X H T 55
RS PR RE R A
2 BAESX BIRESNTBILAE
Tab.2 Transfer performance of source tasks to

target tasks

B ALY mapl map2 map3 map4 map5

map6 0.0254 0.0679 0.1131 -0.0245 0.0542

D7 1Al BEALIR o0 B AR AT 55 WORE B % 4y
Bt —HBENL S B0 B AR K vk 2 bl i S2 5
REBEE N LS il — A A5 S50 5
AL G i B AR B 5 773k 3 il S BB IR AT 55
AR SN I EZ 8 SHCER G 1 B %12
A B . ik 3 & S HEER R 21 H bR T
ZMAS R a=1.3027,3=8.4233 ,p=0.4152,
Q=174.0582,

PR Ay WORE B s B A BE AL YE  [R]— 2 2 8015 310 1Y
P AL 25 3 T RE At HLA Bl AL YE , BT LA A 41 5008 4 B 10

VO B IR Jy 8 2 50 3 73 10 AL XE H 28
I 8

1901 R

155 Tiben

=} 175‘\;—"‘\\ ,—‘r/"-_’}::* - [EHLSEL

£ 170 gy
) [ g -
ﬁ 165
& 1601
=155

150F

1454

14'Ol 2 3 4 5 6 7 8 9 10
SR B

8  PEREXT L
Fig.8 Performance comparison diagram
M 8 B LA i, 1 1 2 80T B 15 31 Y WU 2
BT, K ER BRE, P




513

XUTT A T WA S SRR R PLE A = 4R B AR ML D5 ik 35

148. 662 1 mm, 238 Z ¥R fir S BN L 2 8k,
A F A5 S50 2 AL N — 2k B 42 31, 1 Bl
HLSEOT S 30 I = 4 B AR FOR AR 25 . I [E] %
A SO AR L 0 T 2 80T B SR O SR 4k
SR, I T 120 s 2247, T 52 56 0 ik Sk
LS50, 1 000 418045 KR 2 3 x 10° s, ZHGE
Al LA K b 2 5 O = 4 PR AR SO0k e B
SR, U ESRk SR Tk S ans
OB AL S BT X LG, B0 E TR © A R0 T RS )
H AR AT 55 BB 301
3.3 SEIBSHMRAFENILELR

Shy ik — 5 B Al S 850E B SRk 1 PR RS 4L
(A M | AR S5 3 3 ft P G A — 28 8 8 AR A R 1k
PR WURE L SRR LI o A SO PR T st
1% % ) WO 2 B33 1 Jr 1 RN 5 L A 12 ) L

TS BOR T IR X . Hrp ek rh B 28
BEE N Y ARFHED B 100, Qe @AY S8 4,
LR P, =0.2, LR P, =0.2, Fr RIALK
WK =60, ki1 AP &S HBEN KT8
100,22 A ¢, =¢, = 0. 1, g RIEAR KN 100,
TR AL 10 U S 56 F 3 {ELAE O S R #EAT X B
1AL TR0 UKL AR B30 Y 36 T JRE o A i P LR 5
WEEAT R AR TUE R A R, RIS WORE B0k B A HL
e B R AR

3 0 3 PR RE DU ATk AR WORE S A P i
PERE FLBE, AR 3 nl i, WU R0k T BE AT 2 A AL 2
REIE SR, AR 9 2 B AT RE B A R I Y %
RMRIVERE . S BGT RS BT 8L 3 Rl i
L R R WU 2 Bt AT 4R B AR R, 5 R A 9
NS

K3 IHERAUEEZEUHRSHEMAPIERLLE

Tab.3 Performance comparison of three intelligent optimization algorithms for optimization of ant colony parameters

. s . 1 b s 72 6 i/
a B p 0 mm
ST A 1.3027 8.4233 0.4152 174. 058 2 121. 4153 148. 662 1
WAL A 0.5395 7.757 1 0.2399 175.9307 2.424 8 x 10* 153.271 0
f A 0.0100 1.5914 0.5801 196.179 3 7.5633 x10* 152. 467 6
~ BEGERIE BB~ RTRE A 1 30 078 T e R R B I R R R R T

69 3 FhEE LY AR R 45
Fig.9 Three algorithm path planning results
MEEAZ BRI PERE 7, 6 T S 80T %45 2 AL
PSR AT OR300 A2 BRI ), B A B L gt
g SR DR R B3 % B 5 1) 10 AL S B80T A0 A8 R R 24
Ko MHE EF, ZHOER TR BRI 1L 2 80 %
121. 4153 s, mim /D F L B 2. 424 8 x 10* s Fil
FLFBESE R 7. 563 3 x 10% s, 3 I [y i 4% B4
KL HESEAE Dy — P B REL AL 0k TE kL T B (8

FE TR AL E]
4 H5RIE

BEXxE 6 B i BEHL AR AR i AT #w = 4 A K K
HOCRE R S RO B R AT TR AR T — A
BT B L SR B LA N = 4E g% 42 LA 5
o HHS BT R Ak R T 55 (1 2250 U 2 50
FIARA BT A 2 H B AT 55, 43 3 H AR AT 55 (9 B0 I
WS B A, HE T 52 L 4% AN = 2 % A2 L RIE 55 .
PF SR, 2RO B T LG NGRSk
R AR LI AT: 55 B 0 B (] B A RS T R s T DA
UM E 2 min 247, 5 T = 4RSI 19
iE. METL G S Bk Pk Mt R R L 5k, =
BOT R T LA B WGRE S M JE( S B & Xl
7 ST LU B o AL N = ZE AR L A1

& % x Wt

(1] B7E, #E3Ck, BRI, & JAME T ARG NSRRI A I 2:[1/OL]. 4l AL , 2019, 50(5) :17 - 22.
YIN Jianjun, DONG Wenlong, LIANG Lihua, et al. Optimization method of agricultural robot path planning in complex
environment[ J/OL ]. Transactions of the Chinese Society for Agricultural Machinery,2019,50(5):17 —22. http: // www. j-
csam. org/jecsam/ ch/reader/view_abstract. aspx? flag = 1&file_no =20190502&journal _id = jesam. DOI:10. 6041/j. issn. 1000-

1298.2019.05.002. (in Chinese)

[2] QU Y, ZHANG Y, ZHANG Y. A global path planning algorithm for fixed-wing UAVs[J]. Journal of Intelligent and Robotic

Systems, 2017, 91(14) .1 - 17.



36

Ko BLOW % MR 20204

[3]

[4]

(8]

[15]

(16]

[17]

[18]

[20]

[21]

BARRAQUAND J, LANGLOIS B, LATOMBE J C. Numerical potential field techniques for robot path planning[J]. IEEE
Transactions on Systems, Man and Cybernetics, 1992, 22(2) :224 -241.
TR, PRIR 2R, XI/INGE 4 e Tk R A RS 1 O RS sl s A e DL B AR MR )/ OL ] b WL 4% ,2019,50(5 ) :23 -32, 42.
ZHANG Qiang, CHEN Bingkui, LIU Xiaoyong, et al. Ant colony optimization with improved potential field heuristic for robot
path planning[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2019, 50(5) :23 —32,42. http: // www.
j-csam. org/jcsam/ ch/reader/view_abstract. aspx? flag = 1&file _no = 20190503 &journal _id = jesam. DOI:; 10. 6041/j. issn.
1000-1298.2019.05.003. (in Chinese)
WARREN C W. A technique for autonomous underwater vehicle route planning [ J]. IEEE Journal of Oceanic Engineering,
1990, 15(3) :199 -204.
BLORHT, PR, FMDUE, 5. J6T A7 550K B0 25 ) LB i R i A2 LRI [ T]. LA TR 241, 2010, 46(13) : 109 - 115.
JTIA Qingxuan, CHEN Gang, SUN Hanxu, et al. Path planning for space manipulator to avoid obstacle based on A~ algorithm
[J]. Journal of Mechanical Engineering, 2010, 46(13): 109 —115. (in Chinese)
EBA. HETUGE AT BN ENB LG AR [T]. e R (A RBR) , 2012, 52(8) :1085 - 1089.
WANG Dianjun. Indoor mobile robot path planning based on an improved A" algorithm [J]. Journal of Tsinghua University
(Science and Technology) , 2012, 52(8) :1085 - 1089. (in Chinese)
KEVIN P C, STEPHEN R M C, ERIC L N, et al. AUV path planning; an A" approach to path planning with consideration of
variable vehicle speeds and multiple, overlapping, time-dependent exclusion zones [ C] // Proc. Symp. on AUV Technology,
Washington DC: 1IEEE, 1992. 79 -84.
WANG Wei, YUN Chao, ZHANG Ling, et al. Designing and optimization of an off-line programming system for robotic belt
grinding process[ J]. Chinese Journal of Mechanical Engineering,2011,24(4) :647 —655.
DORIGO M, MANIEZZO V, COLORNI A. Ant system: optimization by a colony of cooperating agents [ J]. IEEE
Transactions on Systems Man & Cybernetics Part B Cybernetics A Publication of the IEEE Systems Man & Cybernetics Society,
1996, 26(1) :29 -41.
ZAITAR R A, HIYASSAT H. Optimizing the ant colony optimization using standard genetic algorithm [ C] // Proc of the 23rd
IASTED Int Conf on Artificial Intelligence and Applications. Calgary; ACTA Press, 2005: 130 - 134.
ZHOU Z G. An improved ant colony optimization supervised by PSO [ J]. Advanced Materials Research, 2010, 108 - 111
(1):1354 -1359.
LAWRENCE N D, PLATT J C, JOHN C. Learning to learn with the informative vector machine[ C] // Proc. of the 21st
International Conference on Machine Learning:ICML, 2004 .65 - 72.
HAEW], BN, W, . TiSVM: —FE T SUB MR E RS = T 50k [T ], THALIT 5 4 Jg ,2011,48(10) - 1823 ~ 1830.
HONG Jiaming, YIN Jian, HUANG Yun, et al. TtSVM: a transfer learning algorithm using domain similarity[ J]. Journal of
Computer Research and Development, 2011, 48(10) . 1823 - 1830. (in Chinese)
YOAV F, ROBERT E S. A decision-theoretic generalization of on-line learning and an application to boosting [ J]. Journal of
Computer and System Sciences, 1997, 55(1); 119 —139.
VB, FEhe4e, ek, 5. BRTIRRPEINSEEBMBGERFET]. B a2k ,2018,44(2) :311 - 317.
XU Suhui, MU Xiaodong, CHAI Dong, et al. Domain adaption algorithm with ELM parameter transfer[ J]. Acta Automatica
Sinica, 2018, 44(2): 311 —317. (in Chinese)
ERIE E, MARIE D J, TERRAN L. Modeling transfer relationships between learning tasks for improved inductive transfer [ J].
Lectures Notes in Artificial Intelligence, 2008, 5211, 317 —332.
RPGR, RE 2. BT E LG A RIS E LT ], Hlas A, 2005, 27(2) : 132 - 136.
ZHU Qingbao, ZHANG Yulan. An ant colony algorithm based on grid method for mobile robot path planning [ J]. Robot,
2005, 27(2) : 132 —=136. (in Chinese)
RERS, MU, BRoRot. IR RS s L AU B AR 30 ik LT ). i 7 5 A 24, 2016, 30(2) :274 -282.
XU Xuesong, YANG Shengjie, CHEN Rongyuan. Dynamic differential evolution algorithm for swarm robots search path
planning [ J]. Journal of Electronic Measurement and Instrumentation, 2016, 30(2) :274 —282. (in Chinese)
JE , BRI, MR ShASEREE R R T MO WO R B AL A BERILRIBTSE [1]. L TRHEOR 2224, 2015, 44(2) :260 - 265.
QU Hong, HUANG Liwei, KE Xing. Research of improved ant colony based robot path planning under dynamic environment
[J]. Journal of University of Electronic Science and Technology of China,2015,44(2) :260 —265. (in Chinese)
BIGGS N. Special graph theory ( CBMS regional conference series in mathematics 92) [ J]. Bulletin of the London
Mathematical Society, 1998, 30(2) :196 —223.



