2004 -8 A
#2155 88

TRARXFFR
Journal of Chongqing University

Aug. 2004
Vol.27 No.8

NEHHE 1000 - 582X (2004 )08 -0132 —04

Y EN =T ML AR

IONES 2

(lLLERXF HEFrE, £4& 400030;2. T45 kS AHLER, €4 400030)

B OERBHIEEA T4 T NBABBARNNME, FABNBEAFRELE(RS)E5R Y
SZ A EE RS RIARE BNELRES B X AN HEBE, BEMNE LA, it
HHHBIE, RABEENE ARG RENARSF BN EZ N ZRLSEE, TRERAN, BEERLH

#®,m LA SRR,

IR EHEENBARRAN . BAXE

hE 43S . TP24

=4z YL R NES RERA ERY
RS, BRI, SR—FNERME
FEMMEN TR, BIZRENER T EH
2 BRAAE AL 1) B — B SRR R TIET R A
JUT 5405 2) 8 R B EHE 45 18 LA 4R 3] — 4k T Hf B&
#2014 ay W 5 & & 2 (visibility graphic) H1 voronoi &
A, EXEFEFREREMTENEDRELAEER
BiREH, B AR ER TREZIBEBYNELER
AR EEWBE RN TZNE, LHRIET®
RIS R,

MEHERRITARFIBR, EXAEEM
Dorigo % A7E 20 #4290 ERFME KR Y TWHE
w1, BB RS IIR K GREE R AT E
R4 55 R R IR RE R E B X —F R A FIRACE B
BEXMERREY:., ZBEECXBNAHTFRTE RS
(Traveling Salesman Problem, TSP). = X 4> [5] &
( Quadratic Assignment Problem, QAP) . T3 & [a] &5
(Job-shop Scheduling Problem, JSP) . Z 4 4§ 4% [a] &5
( Vehicle Routing Problem, VRP) . &% & |8} f8 ( Graph
Coloring Problem, GCP) F1/ 2% % H ( Network Routing
Problem, NRP) 42§ A BE12#1 % ( Path Planning of Ro-
bot, PPR) - [mfii% , LR 2R W BB B A A RR
&R R R IEE T

« WS HA%9:2004 -03-05

N EEFRIRES A

1 =4 RIA PR RA#RR

I 1R, EERILVBIRR 0 - XYZ T, @ iles
ANBEERALERN S, EBXHBANSRAD(SE D MK
BEXh) ,Eﬁ%% 0,,0,,,0, £ S 5 D Zi§, N gk
MUK B FRERE S f D ZEKRB|—FBEENE
ERHE,

X

Bl TEAMRHERFILLEFERO-XYZH
AR EERRY RERIE WA HER A { (0;,1,) ]
i=1,2,- k} B o, S AFRAE | -BRRY AR
OAEMEERE,

EERMT HBUNR1975 - ), B, MAEFWA  ERKFIR, B A, FEHRT @ AR E R, LB AEREAR, T

BRI,


http://www.cqvip.com

FUXEREH

HIhEF: ATIBEFOZATAMEALBAY 133

ATHRMTE, B E 2 il RILEFR
0'-X'Y'Z', Hp S NFAARR IR, SD Tl
Z' B IE Ty (], X Rl A Y T X

H,

............................

G
4 ,

e s
, /

M2 TERBHELER O -XTVZ'H
BIRR 0 -X'YZ 50 -XYZZRAMEHRX

E Y
% cosa, cosa, cosa,\/x’
{y] = | cosB, cosB, cosB, [y’] (1)
z cosy, cosy, cosy, \z’

Hfa,,B,,yv. #HIA X5 X'V, 28K A;q,
By, AR Y5 XY 28K A s e,.B,,y. BH A
ZME XY, Z’%¥km,

AR AIHEEERY (o,r) 1i=1,2,-,
kY ERIRR O' -X'Y'Z ' FEER, BA{ (o, r) li=
1,2, ,k} . B SD MKEN A, B D FERIFR O -
X'Y'Z'F R 45(0,0,k) o

ME2 iR, ERFR O -X'YZ PHELH K
ABCDEFGH , XHh>p J & ABCD BIfE X'Y' FHE L, B
HAKA 2L WIEHTEFHE. 34 AB F47F Y'#h, BC
WATT X' 8h, BIR R O'fEIE J77E F | ABCD .0
F, R AE=h, S D AR A( -L, -L,0),

¥ 0'D 4T (n+1) %450, T ENFHALEEE
FZ#Hn AFE O(i=1,2,,0) . ¥ IT, 53
771k ABCDEFGH #8353/ 3 Fi WE S TE-FE (A
ERR,EHN O,) HESEEE IT(i=1,2,--,0)F
Bafmxm AN/NEFE. MY TFEFEFE I L
NEBIETE P (u,w)(u,v=0,1,-- m)TEARIRER O -X'Y'Z'

PSR L+ I D)

’
m n

L

P'0,0) 7 Q)P 02) P’ O,m-1) P(0,m)

P'(1,0)
P'2,0)
...... .
PY(m-1,0)
P'(m,0) P'(m,m)

E3 THI _ERERERERT
2 FEFRBER IR

BRBENERELIRR O -X'Y' 2", B
MS(ER) HE, BATRER I, EMFEEP G,
i) ’ﬁqﬂ LisJi € {0,1,,m} ,%EEMPI(’:l ’jl))ﬁﬂj
REEFE IO, WS P (iy,5) . HF iy, € 10,1,
coum) e BB HEEEE O, L8 (L, B, HE
Lnin€ 0,1, ,m}, P (i,,7,) 5D K, EHRT
— %M S B D MBRE S—p' (i, ,),) ———p" (in,ja) —
D, B1F S 5 D Z R FFERERY), Bt R B 12 W) B
RIHM . A TILBER B4 A BEERE, thab ¥
& I,(i=1,2,,n-1) EE&E p'(u,v) SIA—FIF
3% allowed' (u,v) o allowed' (u,v) J¥FH IT;,, L S5
MFHE, BE# p' (u,v) 5 allowed' (u,v) PRER S
HAREFLERY .

553 allowed’ (u,v) B FE: B p'(u,v)
H¥EI(i=1,2,-,n~-1) ERFE—K, X FH T,
FRERES P (kD) (K, 1=0,1,,m), IREB
p'(u,v)p™" (k) R ET{T BRSP4 3T, WA p ' (k1)
EIAZ] allowed' (u,v) o, B FE, 7T LAHES
Hp(u, ) NITAAFIERNA FBREET
allowed' (u,v) ¥,

ERESE N TEEEMERSL P (u,0), F—
MEBEFREZHMN . FEEIFIRR—-ITH4A,
HARRE P (u,0) 5Ep™ (k, ) ZEEB B EE
s,

EEER A TFFE I,(i=1,2,,n-1) EH
284 p' (u,0) WUBEY 26 3F M I0,,, LB p ' (k1)
RN

L AGDD ,
F Y [r.(x,5)]° @

pi*1(x,y) € allowed'(u,v)

Hip o« ERERENERREE.,
REEEH X TEXANK D KER, BLR
BTN MR EMER R SEAR) #T



http://www.cqvip.com

2004 %

134 ¥ K
B
Tw(k,l) = (1 =p) 74, (k1) +
A7, (k1) pe (0,1) (3)
Hop RREEENELREL
Ar' (k1) = % (4)

H Q HER L BRI AT HRENRE,

K=z RIS A R MR B HE
FRA

B Wik,

1) AN HEBSBEEBDELTER 0 -
X'YZ '8 bR

2) ¥E3LJ7 1%k ABCDEFGH M- IT,(i=1,2,--,
n) HHENFERDE m xm SN F, B FRE
INTTAE TR AL BRI AR AR ;

3) HRFE ,(i=1,2,--,n-1) EFiF KK
I allowed' (uw,v) (uw,v=0,1,+- m);

4) MIRAF T I0,(i=1,2,-,n - 1) LA A
P'(u,0) (u,0=0,1, m) KERENE 70

B2 m REERE O -X'Y 2 ERR
ML,2ENC=0,

A3 MEE (=12, ,m) , RELEERE
HRHBE D, MRERBLE, M AL i FESHR
W3 allowed' (u,v) (u,v=0,1,,m), {R 2FF]
KRR, MBEAX )M HEET - FE LR
B ZAS R,

$H4 REFTERF HBAMEE, EHA
T HATRRE, WA MR R B2

BES BAXOG)EHFLEE.

HIR6 IRV, Wk B B
HER2,

3 HHEKEER

ZIRFIAGIR 0 -XYZ 5 0' - X'Y' 2" LGEE A
A HEHS, TR EESBAIRR O -X'YZ'H
MR . BH 3 EEY 0,,0,,0;, BERO AR
745N 1(20,25,60) = 30} .{(30,25,95) : 40},
{(46,50,260) : 86}, HAY. A D B2 ¥54(0,0,400),
YR ENSERBINE L,

x1 WHEENSHLE
(BB RSB EECh 40, B BBy 1 200)

a p n m L
2.0 0.5 15 20 150

FHi Matlab 6. 1 XTSCE0#EATHH I, BHEIEM 1 200 KL
Ja i R BE D 489. 39, HBR 12 A 4 FiR,

RSB ZHE R mn FT TR, RRY m
o 3 R0, BT DS R R R R AR (AT a0t
HalE &K,

Y2

B4 BN R
4 GRiE

W WO B 2B F = 475 [E] HLAs A B R AR )
BAS TR ISR, SR R A Ra B B .
KAHULSEAEAES B R E 2 [ K2 [#E—E
BRI 7 U B R, B, R R TR R BEPRE
TREKRE, BESERE, AEMEERR, iR
A W2 ; R WK, Brieey L. 7ESEhrpi Al
H, ATREXT R R R E BB R RERE,

SE W
[1] LEES, PARK J. Neural computation for collision-free path

planning{ J]. Joumal of Intelligent Manufacturing, 1991,
(2): 315 -326.

[2] DORIGO M, MANIEZZO V, COLORNI A. The ant system:
optimization by a colony of cooperating agents[J]. IEEE
Transactions on Systems, Man, and Cybemetics Part B,
1996,26(1) ; 29 -41.

[3] DORIGO M, DI CARO G, GAMBARDELLA L M. Ant al-
gorithms for discrete optimization[J]. Artificial Life, 1999,
5(2):137 -172.

[4] NAVARRO VARELA G, SINCLAIR M C. Ant cdony opti-
mization for virtual wave length path routing and wavelength
allocation[ A]. In Proceedings of the 1999 Congress on Evo-
lutionarg Computation{ C]. Piscataway, N J: IEEE Press,
1999. 1 809 - 1816.

[5] DORIGO M, GAMBARDELLA L M. Ant colony system; A
cooperative learning approach to the traveling salesman prob-
lem[J]. IEEE Transactions on Evolutionary Computations,
1997,1(1): 53 -66.

(6] EER, B STHREROBINBARSRRI].
BRRFER(BRBFIR) , 2003,26(3) ;49 -51.


http://www.cqvip.com

VIR S R E Nk F: ATHREZHN=ATEANEALLZML 135

Path planning in 3-D space for robot based on ant colony algorithm

HU Xiao-bing'”* , HUANG Xi-yue'
(1. College of Mathematics and Science, Chongqing University, Chongqing 400030, China;
2. College of Automation, Chongqing University, Chongging 400030, China)

Abstract : In this paper the ant colony algorithm is applied to path planning problem in 3-D space for robot. First of all,
the space between the origin where the robot is located and destination was divided into a three dimensional grid, at the
same time the valid path from origin to destination is defined, then all the ants will leave from the origin, selecting next
vertex independently in three dimensional grid, to the destination on a valid path. The simulated experiment shows that
the algorithm is efficient and has a great convergence rate.

Key words: ant colony algorithm; path planning for robot; heuristic algorithm
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Laboratory similar model test investigation of prestressed anchor
rope strengthened slope fractured rock mass

ZENG Xiang-yong' , TANG Shu-ming"*, DENG An-fu'
(1. College of Civil Engineering, Chongqing University, Chongging 400030, China;
2. Chongqing Communications Research & Design Institute, Chongqing 400067, China)

Abstract: Now in the highway construction of the mountain area, fractured rock mass slope always strengthened by the
anchor rope. In order to investigate the strengthen effect of the slope fractured rock mass strengthened by the prestressed
anchor rope, laboratory similar model test was designed and preceded. By the self-made facilities, a new method of
modeling prestressed anchor rope was used in the test. Nylon ropes and the aluminum flakes were used to model the an-
chor rope and discrete rock mass joints. Gypsum based mix material was used to model rock. According to the real slope
engineering site circumstances, six sorts of different disposed prestressed nylon rope strengthened model specimens and
the specimens without prestressed nylon rope were made by the similar theory. With the test results, the strength and de-
formation properties of different model specimens were investigated. Comparison to different anchor effects of the differ-
ent model specimens was made. The final analysis shows that in order to make full use of the anchor rope’ s strengthen
ability, anchor rope should be disposed perpendicularly to the fracture structure rock mass’s main joint direction and
should be placed in the upper or top area of the fractured rock mass slope.

Key words: model test; slope; fractured rock mass; prestressed anchor rope; disposal of anchor rope
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