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Kinematics analysis and simulation of miniaturization
quadruped robot

WANG Peng, XV Xiao—xi, LI Ji—xiang, HAO Huan—rui, XIN Jing—lei
(School of Mechanical and Power Engineering, Harbin University of Science and Technology,

Harbin 150080, China)

Abstract: In order to reduce energy consumption and improve effective working time of quadruped robot in the harsh environment, the
structure scheme of miniaturization quadruped robot was designed. The motion model of the quadruped robot was described. The control
system, the deceleration transmission mechanism, decomposition transmission mechanism and intermittent distribution mechanism were
introduced. Aiming for the simplified model of the robot, kinematics analysis was studied on the basis of robot structure. The motion
simulation of miniaturization quadruped robot was carried out with the ADAMS platform based on Pro/E model. The analysis of the
walking state of bilateral leg was focused on in gait switching. The reason of velocity mutation was summarized. The results indicate that
the miniaturization quadruped robot can achieve stable movement,and then it verifies reliability of the robot design.

Key words: quadruped robot; structural scheme design; kinematics analysis; gait transition

0 B = TARRRE A RERA RO MR AETE
H AL H 2R =Rt 12 B e H
TE20114F 3 A HAK AR KMEBIAZ R GEMIE  ARRIGEHIX, 6T Rk B NG i 150044513

M) 2 8 , 76 7 50 S0 A UL, AR AL Z R E T HR 9.0
P ZHRER DAL E N TP AN A2 142.3° dE
4 38.2° (I X, FURIRTR AR H K, 18 kmo &5
SEWFIE R IR, H R 5 R 1A Wl F A P W 1k )
23 mZ o HASHS Syl X T iR R IR A X il 7

WiEHEE: 2013-04-24
HEEMB: BRITAAETRSAH AR H %8 (12521097)

H,iZWi gt A BoE 1t 3 00044, 14 H , Azl 7t
F#EL 10 00045 . T#EKEIZH 20 B F01- S R BB
20 000 44 , B il B A5 U [R] B OMEHLE B TR
VRSB

1117 9 ME 38 o o 2 B 4 1) Lk A o P 48 2R 7

fEERET: £ MC1976-), 95, BIRIT/RIEN 5, Bl A S0, 22 A 05 A A8 A DT HIAIIFSE. E-mail: wangpew@163.com


http://www.a-pdf.com/?product-split-demo
http://www.a-pdf.com/?product-split-demo

- 902 - HL )

T B $304

WA LT 2N e T R A
FEIG R AR INTEAY R AL 1] 72 h 2 A B =77
B LA TR R R REAS 15 21) K st 0 R Bl i A AT 7 i
FET= Y R H B ML ZIRIER] T X — 5

R, F 9 D48 22 R H ARG /INEL DY 2 1L
AT R AR HE B0 g, PUEL
A ANBEA LT P LA AR, STk fa 7S 2L
AU B TOAY RN & 2, BLITURIF 9 TAE A — 5 1)
PSR

PR, ASBIF S B S Tz / N DY SR DL N 2
P BT, X H P AR i R S s AL S S
it A% SIATLAL) | TR1R 53 B ATURS) FHBR BB BILAA s SR, 57 Y
SENLAE A SRIAEAR R () BSE D-H AR A5 2R, I 5E i H B 5
203 HT 5 B T ADAMS BRPFEA T H2E 25 U148 (4 17
BT

1 /N IO e L gs N it 7 5

/NI HLAR N1z 2h 77 AOZ 1 Yo sh bl
S Ty, ZE LR K 12 5 s Bl ok , DA 22
1o 1 Rl T R e T LA IE Sl Y
FOR, FEHTAT R Bz sh 7 BELAA F1R 5 HLARE iz Bh
HEATHAL A R e BV is St AT im0 )
e B Hr B Mn B AT ENU b AT DR, AT
Az N N B E T B 3

ABRFEREAL e A 18 30 53 R ZE A7 DU P R ] iz
gy, LR AT AT 2R LBRES A, (ML T D
ANFR 3B B AR R R, 7R AL AR 18 S
XS I AR e PEREAA R SR ZOR I T T2,
PRUEICSEEE MR | it — D4 i oz shint P Ao

HEEH AT

(1) FERIARGE . T U2k, M
TR RGN AR o % H R G A T AL
Hrla)fE L A AL, S PLER AN as e Ak s 7T,
ARG AL LIRS R i A ZUER B B A
ARG, RGN AERI A, T ) ALK S A
IR R, R i B ML AY 18 % R K R 1, SRR AP
PERAUESI LB T, SRS T — Ukt i .

(2) WAL SHHLI . I eEE WA I RT SEE
R S DR LR Al B AR IBCA 7 IR A L BRA
PHRE SR ) Ao e A 4% 252 20 R L% 1 e SR Y
P RHEL 7, 285 W 5 W AT LA Bl I, DR HE
A R SEURE 3 DR O B SR B HL g Nz
IR 42 A BE A 2R AT RGN Tz sh Ak
4tk

(3) sfirteshbilie . i FEshikide ATBcpishitige |

Jr R 1A 8 e SR SR R LA B i L BRA
PHRE AR ) A PR gl ik e A e AR R A% 3, i
SRR I ALURA 55 |, B0 R R A% ) 25
AL 2y Bk e, J2 8k 48 20 -5 iR bl B
& 5 B Sl Fe e A 1L B, Kz s AT 0 2
AEE B, B TIZEEEE 2SS Ly Nis 3, 1L
Z AU R 8 T AL 3, R R E gl
BT th TR AL UL BA 1L 3l AR A4S L
HURRE— 2L T L as Nz SRR E Pk

(4) ejakorBCALR o LARITIR A B, B b A i
I HA D T AT | AT R R B A Nzl B (B | RS 4
R BROLESAF ) . AR Bh 4 4 4 Bk e 1l ik
LB AT R EE, 43 BER 50 PO ) i A L
14, e BCALR , B B LI AR IILA R ARAE , 255 L
o NG J5 588 B N Rz stk A7 83t , a3t
B B S A 45 LR IS (L 4 00 P i fs i 8 T2
AR 5 B H AR IS SR B o

(5) FirEYBRFBHLIG o B AL T8 | AT/ VB TR
JHE 7 /N 32 23 i S AT S B (RS 5 Pl L R A
B ) AU ) BRI LGS 12 Sl A% 25 il , il Ay i
AT, KR 422 i ARE AT AL 1 R 12 3l Kz 3h
PG 2 /NER , /R 42 258, pEAT IR s B . 220
Dok A HILAA DR, A2 31 f A A R 2 22 M LA S P AR
ik BRI S n — BT LR, 2 50 -5 1 AH
fil, RS2 LT A A SR X R AR A A 28t et
REAE XTI F D EA T 2 o, AT/ N 132/ T 0 %) 3G
LA b A

2 /NARE Y R BLER Nz B eE o A

AHFFE R A SRR R 047 1E [7) 32 B2 M o
PLEF NS5H 15T AL 1R
B |

Bl /NI LA NS5 1A
BT B RIRIA , R 26 A 35 8Ty
FEAE 102 360°iEss , #1112 &/ NER R 8l #7043 2 5



5 810

JE AT A B E A, IR B AT T AE 2K

PIALAR A4 25 BB S R A ], X H— R EA T 5
VAT AW SR B — PR S — A e bm 2 JF IS
YA I RAR IR AT L (7 B A2, S LR i A
AR (XY, 2,) HUE X, IERIPLEF NRTHER T ), Z,
il 1 1) 5 g O 1) RH S, r A E AR Y B
(X0, Y0, Z,) B JE R AEDLAR bR 2R PR (@.b,0) o DU HLAR
NHBBFFE RO S E AR 1 R .

®1 HERHNSEANRRTERXTSEH

RS- KT AR a a d cos & sin
1 0, 0 l, 1 0
2 0, 0 L, L, 1 0
3 0, 0 I I 1 0

oM, NI AL N YIB B 5T S AT BRI ST - 903 -
¢, -5, 0 lg
A =5 o 0 s 2
[0 0 1 0 (2)
0 0 0 1
(e, =s, 0 L,
A =52 & 0 s, 3
looo 10 (3)
o 0 0 1.
(e, =5, 0 L]
A =|5 ¢ 0 Ls, 4
o 0o 1 0 )
0o 0 0 1]

At s, =sin6, |

LS 7R AR AR 28 R 8 SR AR AR R EL A, R
Uit o7 2R

¢;=cos0,(1=1,2,3)

P,
1 0 0 a R P
00 -1 b T,= ’ (5)
AbO - O 1 0 C] ( 1 ) PZ
00 0 1 0 0 0 1
RN SEACA (D), AT R R . SRR PR B A T v 7R
Tb3 :A1,0A01A12A23 =
teys+it,s, tes—ts, O tliey+i,ls,+ e, —Lss,+le,+a
0 0 -1 —L,—1,+b (6)
ties+it,s, tes—tys, 0 tilie,+tlis,+ 1,8, + s+ s, +¢
0 0 0 1
H=C(5,6) A% . b e g g
g N 3 /NEIE Y R LA Nz s 5
tey+t,s, te,—ts, 0
Rzl 0 0 - ] (7) INEIAR DY ML NTE SE iz sl ik g A v, AL
Ly a5y hyey=lysy 0 R ) 45 A0 5 0, o K B B AT 0T
Pttt Les b hesva () B DTSRI R T T
P ) 2= e EEMEH . R AR Bl sl v £ B AR 1
P ==l;-1,+b (9)  XZHLEEASATIB ST ELAM T AR

P.=tlic,+t,ls,+ 1,8, + s, + s, +¢ (10)

. f=t,=cc, =88, 3 t,=—tl;=—¢,8,—$,¢, ; R—JEHP
KImBEAHE; P, Py, P.— R RWEX , Y, Z
b b AR

R T AERTAE B TERAYE B 7 T e A )
IEMEARAT,; 0

0 1 0 -l+a
0 0 -1 -l,—L,+b

om0 0 0 lise ()
0 0 0 1

X — G5 R R 58 4 — B TEW A FiE
IR

ADAMS 4y AT FH 2 AL 1R 7 1) s A A
FLIAEE, RS ( P XA A UIE R Geatb A T X 1 g
WL A oMo 5 H A AR SR T AR T 1
BAFEA TR AIE s F M sh 45 Wi i . At
583z H ADAMS B XE/NRE DU JE L AN AT T AH L
(32 3153 HT

A58 H Pro/E 3837 4 () /NRLAR DY AL
i NBHL S A ADAMS B H, F1FH Pro/E 51 A4 i f i)
BRI AN P 2 B o

S ADAMS Ji5 1 /NELAR DO JE BL A AR ] 3
B

EEH W Pro/E SCHFFE AL B ADAMS B 7 32
A% S, 35 A ADAMS #2578 0 AH v 29 58 %



- 904 - HL )

T B $304

K3 5 A ADAMS 5 B/NAE I AL g5 AR

Pt sh 1A AL B,

TZ AT LI 3 P AR e X — 0] RS 55 ) R
BT AL A VIR EARZS A 43T , DT /N
HLAS AAEATAE I RS M mT e, — 00 iy ke 3 iy
R nE 4 TR

aaac

15.0 . T
[ — parT3.0M VelocityMag
P 10.0 /"\ /"\
T 50 z
0.0
0.0 5.0 10.0 15.0
Analysis: Last Run tls

Pl4  — iR e pih £

Xof (iR P 2 an P 5 s o AR i) 7 A
JE T — 5 AR AR A S BT A 9 i
4 JEL 5 RPN AS BEAT HE AR ZR , 2 e AR AR 1 1 1% 5
REFTG R

i P 4 B S BTt B N A TR B b R
AASTTEE SR T AT, oA 4 SR AR A 2/ MR U 2 pL
e NIz sl 5E HARE R .

15.0

| —‘PAR'HI‘S‘CM_Velocity.Mag |
0.0 1

0.0 5.0 10.0 15.0
Analysis: Last Run ils

S XA i f ol i 2
4 ZEHiE

TE5E MR ST 5 2 5 2 40 0 2L Ay L, A
ST HE H 1) —Ff N I R AL A N i AR e 20 5 V) 4
WIS 3] T 05 H S5 5k, SE 45 R ik it Jr
ZEn] LSEE/ N DY HLES R PR AT E TR, OF A
VUG WAL U AL AFENLRS IS4 T B ZE
RS FHESARYE

JEEEIITFIE T AR AT I0K % I 45 1 i 28
b, 3 i SE PRI TAE SRR — AL 2R B T
FFRAM ST /INEAL Y R HLEF A TS DR o

2% 3T Hk (References) :

(1] E me,z= 20300, BRI A ANE 28k
()], PRI TR 42741, 2012, 17(1) : 15-19.

[2] BRI, S, @S ARG ST L] hE
il A5 Bk, 2010,39(5) : 52-55

[3] MARK J. Evolution and field performance of a rescue robot
[J]. Journal of Field Robotics,2008,25(1):17-30.

[4] EAe, Sihoe. RRHLE AN ATFE B0 -5 0 Kok 9 R
LT HLER A ,2006,28(3) :350-353

[5] x| &, 80k, K SRS A sik )], Al
#+N,2006,28(1):81-88.

(6] &, eI, B opdR, 45, W HLEF A /N A
AR []]. 13 K2R, 2005,39(6) :
880-882.

(7] tmng, X0 %, 22000, 5. —Foli B DR 12 30
L VERE ML) ). LI TR, 2012,29(10) : 1125-1129.

(8] RICH. VU AL gs AR 42 )7 00 #iedS 20 AT SAa e 14 o3 A
[D]. & R TR 5 A 3h kB , 2009
1-2.

(9] B2, 8RR, JARAK. FAHLas NaRsE k[T ]. #L
#N,2005,27(3) :284-288.

[10] WANG Peng, JIANG Wen—hao, LI Xin. Research for
multi—sensor information fusion algorithm of search and res-
cue robot based on embedded control network [J]. Journal
of Computer,2012,7(5):1176-1183.

[ it - 2 1) ]



