BHAGER 20124 $223% F11 #.1189 ~ 1194

doi; 10. 3772/, issn. 1002-0470. 2012, 11. 013

EERANSAZXSEEHRYFARY

%%&@t %

FE{ET REFAT

A ART

("RAEEISAFRESTIEREFHLFR B/RE 150080)
(TREAZTEAFNBE/ABRSAAEZEAEZRE  2KE 150080)

fi E A REICRARERANEARBEXNFARNTERNM, HTES
FHEANALE PR ESRREFARBELE, RAREEEREE XS EHA
AREARLRENRHIA LR SRR LFE, A EEX S AR AR L, BH THER
FARUEEFRLER, HFEFRBEREER NEARRELEN XX F SR,
MEAREHXENRRER T EREHTRANERES, FRH XA EFEE T
ERNER, EANEAZSH TR, EARFREDEERFTAS,

K@ BRANLEA, FEHH, FERL, HX

i

0 3l

B pLag A Y R FL S A/ bR B dL
fTohRE £ B9 2 B R WA —Fr T R Oy A Pl
AT, RIS A S T B HLH RS AL
H— kit , EHB R B AT E YL, ER
TR BRI e, RO AT 3 AR,
LR THE EVL s B AR SIS AR KER
KB EREEUR, B, Bikblas AR5
FMBHHBEANERSHAAFEEENL,

H 8 E R FIPR 7 S BB LA A R BR B
EETHEE : — M RETEG TEARE, IEFAET
FEERIHLER A LAVA | B AR KIMURA 3030 B &9
PLEEA T-Hexs; 5 —FF 2R AUMBE S B i,
H A K B R % Bl 898l 83 A MELMANTIS-1 | AS-
TERISK DA R HARE T REHHBEEHENI
#2 A TITAN-IX, I B o — 3 2 A PR & =X
=L AT T RSB R AKH
=4 SCHUH, AT R TR TR R AR A R
FPE, T ARG &, PR
TERFE RSN R AR R RT3 LISCE A 81,
B AT HLER A 2 s s i, L2 A2 5

B HEEE ESEE PRI N EREOHE R, AT
FAT RN RSN S BATE T AT T3
R, FEE T —HETRERRMNPERLTEE,
PREILSENMTEESHREEMEREERE.
FE TR MR S R T SRR A 3.

1 HLBAZHEEZHRA

B 1 B R B e = LA . tlEs AR
=555, 3t BE 9 s, Kok 2,
3 HUIE AR, S EA B BRMR =000, ik 1
LT, AR BHEMB=1XT, HEXT M
BRI, HEREE 1 FREET5h, HAx
TERARERITESUEIET A HEAR
FEAR RO A RIEIAM—FET AT ER
T REER ML, AL E SR RO, R AR
T USSR eI SR AR, SR
BREILA S Hh i, R MR AR O B R B S BE B9 AT AE B
iy, SRR E W B 2o B R AEITUR
RERIZ A hERIEE .. EISEANSME LR
=N/ hELRSE B ERSNERERE,
FRBAISAERENTESRT SHREYER
IEHE SR ERAEDRERERY .

@ 863 112 (2006 AA04T220) , iR TR U5 A A BFE ¥ M B & ( 2008RFQXG051 ) i 4R 5 Tk 02 BHgT 837 2 2 ( HIT. NSRIF.

2009016 ) FTEITH -

@ 55.1976 Spi PRI IS BSOS L AR s R A E-mail: fanjizhuang@ hit. edu. en

(¥ #5 HE5.2011-11-10)

— 1189 —



BHAER 20124117 F22% F114

1. AR 2. Bl 1; 3. RIBWHIT: 4. BiE2; 5. B4E0E
6. WEHHLR; 7. 8/ EEREE; 8. Bkl
El1 =BEHEA

=Rt AR R ZRRABESHAEIEA,
In=RERshiTE BIRITE OUTEU R RATE
F. HP=ZBOUTERZILS ABR RN —fE
88, AT EXRERER T IRETE, T2 8k
1 BN TLA B, Btk 2.3 BB —FURRITE, N
Fek 2.3 PR HLE RN, Btk 1 R Mk 2.3 &
BIESTER MR Hrylas ARk 1 Bl
MR, etk 2.3 BE BT ENESHLRED
B 2frm , ERAUT 4 M EREM:

SR 1 EEHERE 2.3 2SR mE
By bl BrB. @& HEBCE (a) f(b) R G ELE
SRR, AR 2 .3 BB TR, LAB 1R ER
SEmEEANZETE, A2 F(a) Bl(b).

A2k 2.3 FERE 1 MESIEE 2 F
(e) FrmBirBt.

b REHEE (CYRE [ =

[a) "Eﬁ-IS”J

‘é] s e e . L

idy PER T = 2 M%F#W‘ fit
B2 HBALZIFETEFA

— 1190 —

IR R 2.3 N 1 AW E 2 f{c)iE
BE(A)EMTAEE2 EFEETHA, HES
PRTHEERS 0 h2 BB -

AEE A R 2.3 WO T EE T R
PHEIFE B B, ST (d) R (e ) FEAL[E]
S, R 2.5 RS g B, T
REMS WA EEE R wE nE2 f(d)F
(el

FEfR 2.3 WA R 1 SRS ERERE
F—E

2 HBARXRXFEEZFHAX

LB A SHRIN B WREEEIHELTES
HELE. EENIBANTHY T EEEE XY
25 [l (BB AR A e B R RS R B HUE MR R R
H LA UGES S BN R 2, RAXTZ
I R A U ST E SR . L
BASIE— T Bk 2 ARk 3 Mk — Bk
& BB AN S E N EEE 2 F
AR A MR

U 2.3 W R E R O7EE 2 B S ML E
BB (P, PT. PE) . =23, = 1,2,3,4,
5, ML AMBHESEXTEEEEAMER
FXRRINES Frm. B3 LRk 2.3 HHmEE
Bk 1 3har S BB d B 2.3 mIRYEEES 1, f0
L, {2 (a) B4 B HLES APLRE I BE; ..
o: Fly, HLEEANZE ST M 0 AL AR
252595 S B 0 5 Bk Rl 3 o

(r3', p5) (o2, )

B3 MBAZISFTEDEABFEEXRR

e 2.3 Fi s SR e ELRINA
deosd
2

- (1)
dsinf

2

p = p 4 Lsing + ——

=

P =pi +431, +Leosh F




FEAH S . = B EHLE A S e SR

Fm. A SO 2 B, ERSBT TS, N
Rl 3 mt, IER SR ERAFS; /31, otk 2.3 B
AT R PR 1 3 A NT o BT A AT B R, gl
WMAB RN TATEIE ; i THFR ARSI [
F o EER | S EIRESCT Sy e TEMRE 6 =
0° wATHL AR A R 0 .

EAHERENRAER 2(a) Zle) n 5 1
fir B, Bk 2.3 A R m PO A A B A

2

A

o A A

i v e

o A
M2 dl - 434 o

+dl - 431 tn

+dl 1 mjza:m{_::l}] én{1 cos| Zaretant — ;]}
£l L :
L.t L 1]

{2)

FUANEEAGEE S A R T LA R 2
e S AR R A A REEETERELR
EBR A B SRR RECEM BB A B LS
B3, LA TE LT R A A B B S i 2 TR
Fi

6(0) =6(T) =0; 6(z.) = w, (3)
Kb 0 AR BERIIBARS LT AE . o, BIE
XHEN BB R S A . ML 2R A2,
AEINBEAZISESF 4 IMHBREEHET 0.0

@ Fy; BI=WHE AR 3 R E
1
) A,
¢1]={B] : (i =2,3; k =1,2,3,4)
Yi c :
[

(4)
AH,i=2,3 B REGAE 2 fAE3,k=1,2,3,4
43 FIRTRL 4 P EhE B Az shef (Rl ;A LB, C 35K
BHIRTT &, p; Ty, FI=WHRMEEZ S REUEX
1] ¢ B RBUERE
FRRIRPLE A SRR E SRS
AZXFEFEHRBHERR, £ MATLAB 4%
BB AR A FR TSN RET THSEAR

SR, (TSR INE 4 Frn.

mmmwi | émm4®¢mmw
o 1 l

1000 800 6K 400 300 0 200 -400 -600 -S00-100M
B4 HBAZXFSHE

PBAZ X EHEFERTALB IR
B SErm . MEFATLIES], &7 A BERE LR
B =Y 2R, PR A BRI R BAELE AFEiE ShAY
AR B, SRR -

] 1 2 3 4 5
i 3is)

5 HBAXIXSSXTRUB

3 TBAXRIXFASEFHMRL

=AM ETER R R EH R
B BRI R LR A TR A, AT
= NTER AR B2 BATE , BRA N PLEE ATED
BPRESBEREFRERRER, RERIEE
=R, BTIlEAKAERRRFHERSSNT
BrP P, B RIS AT RS, R g b
BILF B B BR , RS R R e H B, AR S LR
MNieteeraaEEa",

ABFR R ERE, UREILSRAZIEE
7B A R B S R AR R LA 2 8 BAR AL
B, LA AR BRI S S HE T .
3.1 MULsREH

B THLE AR ST A EE sl . A EE L
B fams B2 B A YU S L R sl BT iR SRk
e R, E S| AL AT AR B AR AR
BELRLL B A B RAE A PLER AU

— 1191 —



BHAER 20124117 F22% F114

HREMY . ARTIABEEEL R, DTS
SRR, HU2S A B R 5 R PR AT R i R
FERMBARATEBRR A,
3.2 EEERE

T =B HLEEA SIE R B KRER LA B2
BERZEA/ HE, B 6 Fim bl ARk
1 MR ST 4 8932 20 AR

— _
F'I

F| JF

B6 H|ARE1BREIAEE

A 6 G RHLEs A iz shaf o o0 R i i
Jiyeth, F AR P AT R B R M . W
RLEE A R A aE, N E R, L2 A% S o
e, i 4Rk F# G HEMT 0S80
. M, RERERE 1 Rig B8 b= 4T M
AR

L AFETEd B P A GE s =50 R RE
FTIEEh G FEE VLA A EEE 3 B Y k%
% B v fE P B B A T A5 3

Gx(lg+1;) =M, (5)

SR A T- B B g T B = iR i 2R sl
EERmA

™= {3Rn"3 ) T"-:SRz'-"-’n ) +bs éa
7 = CRyny) " (PRyzy) + by fiv. (6)

7 = ("Ryn, ) "("Ryz,) + b, Ei1
Fim™ o A7 Ml SHE2(a) FEF v
b, BUSEEE . MIAREER(S) Fu(6) , BiaT R g
AR EEET MR B WAL T2 87, 1
B N BRI A A B R R .
FASeE Tl A B A B AL TR AR
FCRTERIE B 5 320N, iR R LR AT R it F e
2] 12.8 N -mff ) RHCHIE, B EB LR B ON o
LR MRERE M, ot E{E.
3.3 BEET
FRHERER R TR TR G, BEIX
FTHBMEZEFEFF EFNER, BILRHZ
ST BT RERE . SS8EEERNT A
— 1192 —

KEA 1 i f) 3 RS0 BRI A S S
3ARMBLEFIR T EE v, .0 T ¢, 10 fif —HHI%
BHEATPFERMN 0 E 1023 ZEH 1024 AREH
ﬁ,ﬁ% ¥i~; il b, E’@i@@ﬁﬁl’lﬂ%ﬁﬁ 1023 &bjg’—;
B X 38, 42 U AT BE 0000000000 (0) 3] 1111111111
(1023 ) Z[ElE I RE, BAR¥RER v..@
&; B3 10 Ak Y —HEBIARTS S R — 8L 4R
—~ 30 Ak A HI RS, HAR T AR AR R
PRSP ERE TN 100 4~ B R AAR
A 400 £,

HEEETRABSSREER, EE IR MER
PR i B AT HE L B 10% HEHEATT—
. TXETRA—-SE, X MEE A 80%.
FREFRAZSTEREF, FREEICY 10%
3.4 EfEEETH

R ZER SR

(1) AT EHAETE .0 T &, #HITHR
",

(2) FEVIIEE AR X(0) = (%, =, =, 2,)0

(3) X YBIEEHE X (o) PENME x,, BB
(5)F(6) HEHERNEE F(x,), BMERRZME
FIHERERT IR ;

(4) REFAEE X ERETFEEH R
X(e+1), REETFHHMNETY RERMMOE
=0, EAeRERNEE.

(5)¢ =t+1; MBERHERELRIEZAE3),
3.5 RUER

SERSIEK 180mm, ik 1 0% FFHLH O B
etk 2.3 sl MARAREEINEARK
23 HBRESNEZHAERS, LB A ET
1 ERFERNEEEE AR AEESEE M, i
SINE 7 Frw, R EREREE THEM TR,
ETEERLEAEAEEADL. 8N 'm,

15

TR F 4T (N om)
[

=]
[
i

& 3 m 1z i
il (s

M7 AESEM, RLHS



B = BRSSP SE S LB

RABIHILBAZ XS EEXTHAE E
BEfnZniE 8 FE 9 Fr .

3a0

270
™

()

Fo i (E)
B8 xH{EEHLE

1 (")

i

-0

-0

& B 10 12 14
HfTE){s)

By ETEEHE

ALIE D] L AER RS EL BT, Bk
1 Mg RTERBIAE, RREE 2.3 WX
e s , BB HLER A T EE s e, ok 1
% B HILFG BT 32 0 LA BBtk 1 B e e BB i 3l
AR E AR 7RG, B TR, Bl 1 Sl
ShHLE ARRIZS, R ik 2.3 YRS T gkl
45, TOBeHR 2.3 By U 5L 32 sl S R T,
B iEshid B R R EEEES) B iR AR, EE
AEFRER, AT RIE T Pl AR EE. Hik
PLEE AFESR F_EsR (LA 55 iz s, BE AT LA fR
TERS SR BE , SURENR T W B AL H BT 32 37 LA B ok
W hiE, NEHE EEs ZRAER TRE T
# AR R B9 T AR e

4 HBEAXIXFSEZHEE

FIRHLALE BIPLS A SOUP SR EHITHLEA

BFOlAE, AR BB WA 10 frn. B 11 8%
R B A AP Ak 1 Bimi =25/ hE
oA , SCmH i B B AYMCR 1 W BREDLH R B e, AL
AR ARGE B O B AR S A S AL
1 AT B M,

53 @)

Bl MBFAZIFEEDRR

AR HE (N m)
L T ]

e

[

—

=
=

4 ] ] 16 12 14
FHAl (s

Bl BEEl1EZREEHNEM,

M 11 AR e R AT LAE H, BLas AT
FrE R AT B SCE LM B E R A BRiE s T i
b EEES e EASE S ERAERRT
BB, RS T RHRREHE B SRR
L ilEE A EE R, AE TR B AY.

5 & #

M EREBLS AR AT E S BHRTEHM
2, B3 THEAESNEE. HxiES S
HEATETEIRERRMRAP ML, TES
AR ABEAZATEL BT ESELE. PR R
BEARRB I EHE.

— 1193 —



BHAER 20124117 F22% F114

SETEH ped robot. International Jowrnal of Engineering Science,
[ 1] Arai T,Adachi H. Integrated arm and leg mechanism and 1999, 37. 1319-1349
its kinematics analysis. In: IEEE International Confer- [ 6] #ap S, 80%. SRS A As8sEREas
ence on Robotics and Automation, Nagoya, Japan, 1995. PRI, JEE R oS4, 2008,31(1) 5761
294999 [ 7] Capi G,Kaneko S. Optimal trajectory generation for a
[ 2] i Eakd B0RE. BEILEE A BB, In: Pro- prismatic joint biped robot using genetic algorithms. Ro-
ceedings of the 6th Intemational Conference on Intelligent botics and Auwtonomous Systems, 2002,(38) . 119-128
System Design and Applications, Dalian, China, 2006. [ 8] =X NEREABEAEINFANEE:[EL
9232-9236 Fhrg 3] BRER AR T REHE TREE,
[ 3] BEE . FiE. SREE. Eiameshilas At 2006. 49-56
5447 ERETREERAAKREM),2010,34 [ 9] EH. =BiEISASsilu RIsHssE. (B2
(6) : 759-764 ], WREE : MR Tl L TR %26, 2008.
[ 4] Fan J Z,7hao J,Cai H G. Mechanical design of three- 3847
limb robot s foot. In: Proceedings of SPIE-The Interna- [10] =Rk, Evil. ARHENFAESENUY
tional Society for Optical Engineering, ICMIT 2005 Con- . BIRETERSESH,2011,32(4) . 486491
trol Systems and Robotics, Chongging, China, 2005 . [11] R ETEREREESISAGEL. EhfERe
60422014 4,2011,39(5) . 23-28

[ 5] Lum H K, Zribi M,Soh Y C. Planning and control of a hi-
Research on the crossover gait planning of a three-limb robot
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{ * School of Electrical Engineering and Automation, Harbin Institute of Technology, Harhin 150080 )
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Abstract

The motion planning for the unique cross gait of a novel three-limb bio-robot with arm-leg integration was con-
ducted. In order to improve its posture stability and the stability margin of absorption in the process of walking, the
genetic algorithm was employed to solve the objective optimization problem of the absorption mechanism under load
of the standing foot when walking in the cross gait. The cross gait of the robot was optimized and the corresponding
gait optimization algorithm and parameters were obtained. The simulation and the experimental results demonstrated
that after optimization of the cross gait, the acting moment that acted on the absorption mechanism was efficiently
decreased, but staying fized at the beginning of motion. And the robot possessed the excellent continuity, smooth-
ness and stability.

Key words: limb robot, gait planning, gait optimization, simulation
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