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VERIFICATION OF WALKING MOTION
ON BIPED ROBOT
BY USING MULTIPLE SIMULATORS

Yuhi Awa

Abstract

This paper describes the physical model simulation by using the Open Dynamics
Engine (ODE) and matrix based simulation by using MATLAB. In order to confirm the
simulation results of the physical model, we derive a mathematical model and perform
simulation by using both ODE and MATLAB. Independent simulation model-building
and simulation by using both ODE and MATLAB can avoid careless errors. We used
this approach to build the KHR-1, and confirmed the validity of the physical simulations

by both ODE and MATLAB simulations.
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1.1. KHR-1
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INOFITE—F—DIDFZERLTWD. 2k, 2 he—/LAKR— RThbH RCB-1
W L WD F ¥ L& I LTS,

Table 1 Specifications of the KHR-1

Height 340x180[mm]
Weight 1.2[kg]
Degree of freedom 17 (Head : 1 Arm 3x2 Leg : 5x2)
Connection form to Personal Computer RS232C
Servo & Controller RCB-1x2
Motor KRS7861CS

Table 2 Specifications of the KRS786ICS

Size 41x35x21[mm]

Weight 0.045[kg]
Maximum working degree 180[deg]
Maximum torque 8.7[kg/cm]
Maximum speed 0.17[sec/60deg]
Normal-rated voltage 6.0[V]




1. IZL®HIZ 1.1. KHR-1

(6) Head J (1) LARM_JO

(7) RARM_JO
(2) LARM _J1

(8) RARM_J1

9) RARM%

D

(19) RLEG_JO

(3) LARM_J2

O

(13) LLEG_JO
@ (14) LLEG_J1
(15) LLEG_J2

(16) LLEG_J3

(20) RLEG_J1
(21) RLEG_J2

(22) RLEG_J3
(23) RLEG_J4 (17) LLEG_J4

Fig. 1 Joint configuration of the KHR-1



2. Open Dynamics Engine (ODE)

2. Open Dynamics Engine (ODE)
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' Simulation test

File Simulation Help

Fig. 2 Demonstration program using ODE
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2. Open Dynamics Engine (ODE) 2.3.0DE DJEIE A

Fig. 3 System of ODE coordinates
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Fig. 4 Axis vector of the KHR-1
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Fig. 5 Kinematics of KHR-1 on three-dimensional space
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WEMETE D X0 B A HE L.
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3. MATLAB

3.2. N— R =7 TOHHi
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slider

RS232C cable

207,
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MATLAB

Personal Computer
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4.2 BATE AR Y N OB TEIWEDGEE 41, >3 a2 l—3 3 BT IILOREE

4.2 BRH1OR Y FOBITRIEDREE

41 ¥2aL—YavETILOEE

9, Tablel, Fig.4 DAL L2, VI a2l —a VBT LOEELIT-I-.

ODE Ti%, ET /N D7=diz, T—X—, ROHE, HEOMNIZ, 3 DOELFE
WL T A XEEEDOERE 5 27~ (Table 4). £ LT, KHR-1LIZRE LIZA—LRY
v a v (Table5) # A L7z & & OBfiofrE & B, MEOE L IEZIFEET HZ LT,
KHR-1 DJEIR A 8L L 72 (Fig. 8(a)).

Table 4 Specifications of the KHR-1 model on ODE

Height Weight
Motor 41x35x21[mm] 45[g]
Sole 80x45x1[mm] 2[9]
Board 35x70x45[mm] 25[0]

Table 5 Home position of the KHR-1

Part Leftarm Face Right arm
1D 1 2 3 6 7 8 9
degree[deg] 5 0 90 90 175 180 90
Part Left leg Right leg
1D 13 14 15 16 17 19 20 21 22 23
degree[deq] 88 115 115 90 92 92 65 65 90 88

MATLAB T, BIfiOFEXIER X OBEE# 4255 E L, ELAMHMEOY s ET5 2
L THEH L (Fig. 8(b)) .
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4.2 BHTa Ry N OSITEHEDKREE 41, VI 2l — g VETILOMER

1.1

(a) ODE (b) MATLAB
Fig. 8 The simple models of the KHR-1

42. 2 BE&TARY FOHFTLI A L—2 3 VB LUHTERER
KHR-1 O 7 LE— 3 L Bp csv 7 7 4 Ao b B O B — 2 % 5iZaiAZ:, ODE
L MATLAB THATHIEIOY S 2L — 3 v & To7-.

421 ODETODY2alb—Y3Y

ODE TO¥ I ab—v a0, K,=5, T,=05, Ty=01&HELTITo72. ZOT
% Fig. 9 lZ/R” 7.
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4.2 BHITa R v N OSITEMED FGE 421.0DE TOY I a2l — 3

M Simulation test
Eile  Simulation Help

Fig. 9 Simulation screen of walking control by using ODE

422. MATLABTOYSalb—v3Yy
MATLAB TO Y =L —y g D7 a—F v— k% Fig. 10 (2”7

) angular velocity o C START )
' | ‘.. ‘
] angular velocity ' \ differentiated, 0 \
‘ | |
E angular acceleration inertia
. | |
' position spatial inertial matrix
' L |
velocity linear momentum

acceleration

barycentric position

[
[
[J
barycentric position )
| )
L]
d
’

E barycentric acceleration

angular momentum

force

moment

. |
S torque E

coscesscssscsscssssssscssecew

pocoscececepeosewe

C END D

Fig. 10 The flow chart in MATLAB simulation
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4.2 BHITa R v N OSITEMED FGE 422 MATLAB THOY I =2l — 3y

BEAZMEIZ I ONE p ERB R BLOY VI LE—2a VOAE ) THDH. ZnEA
WO, EBYEREB L OWEN I FEHEATO TRy FOEEZEBT 5.

® HE)VEEA

O 9 =R THEMSLTO, 6 %iHET5.

Ok +1)-o(k)
dt

.
I

, k=12 (44)

=8I 10 (45)

@ A0, AEE o, AIEEZEHTH.

© FREHATIN T, Ty ZEREHEEITHIV, Vg, ZEEINEEEETTH A, A ZHV, (L@ p,
Py, HIE Vo, Py, MEEV,, Py 2EHT 5.

@ @, O HEALNTAETLT, T—F—0ORITHbRI~E Y KT

® /)R

O EEBFFHRIC L > TEREREH SN2, AU CEET > Vv 1, 2L F O
TEHT 2.

I, =RIR" (46)

© TEBEF TR O, A, ZERIEMEATS I A B

@ HEBNE P, fAEEE L & 88

@ Jif, E—AY M EEH

® PBafI bvs u B

® ©, Q& H2LNT-AEIT LT, E—X—OKMNHOLRIT~LEHED KT
MATLAB TO YR a2 b—v g »OE—v 3 UVBIOHERE Fig. 11 1277
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4.2.2. MATLAB T®D

i

4.2 BTNy S OSITEMEDO K

1 by using MATLAB

Fig. 11 Walking motion of KHR
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4.2 BHITa R v N OSITEMED FGE 422 MATLAB THOY I =2l — 3y

barvcentric position P

position p
%
¥ .
2 1 : 1
iR beeaois .
005 01 015 005 01 015
aneular velocity e barvcentric velocity dp:

10 -3~

AN -

015

005 01 015
barvcentric acceleration ddp

3000
2000
1000

-1000

a0E 01 016

Fig. 12 Kinematics parameters of simulation results by using MATLAB (end-point of the right leg)

linear momentum P force f torgque u

nas - -

06 |--f-- e <00

04 t--H-- - Hpe-4l--- -4 200

02r- 0

1]
02} ] iy 200 -
04 p-4---! : :

o0 01 015

angular momentum L

004
oo2

SiJir]!
004 |- Y-

Fig. 13 Dynamics parameters of simulation results by using MATLAB (end-point of the right leg)
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4.2 BT R v N OSITEMED R 4.2.3. KHR-1 TOHaFE

4.2.3. KHR-1 COREL
32 fHioHEsi A VY, MATLAB O 12 75 A0nE KHR-1 NENMEST 5 L 9 34T L 7=,

43. BWRBLUER

ODE & MATLAB TOY I 2 b —3 3 B WT, GET 2 2 LR BHITHRTE .
LovL, BARy NOBITEERRIZR L CRE LD L ITWn 2ol

ZuE, BEIOAEEZENT A I T EPREICED TWRWZ ERE X HNS. ODE
TIHHICY I ab—ya Uy I ab—2 g VAT v 70 dt Off, PID HlilD/ 5 A —
LN ATORVWEERE L TLE S FEN/EEZTLE D, MATLAB TiE, 1F
— AV MRBIEID B RERENRHIISTLES.

KHR-1 TORIEHITo7-E 2 A, VoI NE—T g 2o TWTHERLTLES =
ENRBHoTZ. ZHIE, Y32l —YarETADOELY LIFAZ L0, BERY, VI
L—ya VIR LERELZEEL W ZETHETELITHAI EEZLND.
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5. e N

5. T U

BB 47D I 2 —FIZBNT, ML TWAYIalb—ra BT VOMER
FOv T2 —v a3 0E, ODE & MATLAB #fEMT2 Z L2k - T, B{TEMECHRE T
5 R VWHIHTIEEEZBL T LN TE . £/, ODE & MATLAB 5D I 2 L—
vay, WY I ab—va VOBEGEERRT LI LN TELI LN DND.

-27-



A

HHEE

FT, AREZEDDITHIZY, TZICOFROTEDIZITEE, ZHEEE2 W0V
A 3ERNEER, IR —ATHERER IR T T2 L E T

IINRSEAITIE, FEBRITIEDRZE, TR ORI & OFARRIRE 720 T <, AR Z
EETTEICZTHR W& E L, SICE OEBEEREED L X(21E, MELL CITFE Tk
HZENBYVEIFTHLIEWEZLH Y F L7, BEORIHOKIEELS £ THEERMRZFTIE
LCWlE&EE L., ERTCEEGHLET.

F72, [FU/HBFEE T 3 ER—FE77 -7, 1 2 FE0%EM @R, HE B
WFFELIAN D Z & TRICERERZ T D 2 NS o L BWETR, b ShFIcEL#
LTCWETEWTEHH L TR £3. £/, RO Z L TMRBRWERIZHE L <EZ T
eVl 1 AR FEES A EHWE LET. 2 LT, EOFZRE /MR
FEE DI W - BAEOEERIC S REFEH LT £7.

BBAZ20 E LR, IRERESES 2D 2 b0, EEoL L&D T, ¥
A—F LT W imElIc O L g EH W= LET.

AR RBAEDFLTTR, KYICHREEDOYR— OB TIZETRDLZIENT
EFELE HORLEI X NFELE.
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BE:S

&%

AFmXIZER L7 1 77 A8 L OEBR RS OB, Bli&O CD-R 2T+ 5. 741
ZORERB LT 07T AOE% Fig. 14 (2R

ul' Dl' robot.veproj CEIT A0
= = robot.cpp AL a— N
program ODE csvh cesvAR s F
—m vectest] 2demod. m AT A
= vectest232init m cRCB-1DID, F % R/ OFRTE
MATLAB vectest232run.m - vectest232init m ¢F% E 4 KHR-1 17 SO
vectest9makebox.m L A DI O TE
vectestdinertia.m A= DBMET S AR E
vectestOmakechildlink m CF U LT AR
vectest9findallchildrenm S U iR A (R
vectestOkinematics3.m EENFEETE
vectestOplot2. m CeA w ~OREE
vectest] 2makeui.m figure D A T A X —DFRE
vectest] 2sub4.m T A
vectest232set.m 'KHR-1FHOAE « 3 E 5580
vectest] 2CoM.m e EOELNOEE
veclest9dynamics.m -#h A E
15232¢h dll - KHR-1 *MATLABR®i@{E 7 7 A /L
rs232ch. mexw3?2 - KHR-1 *MATLABR @@{E 7 7 1 /1

_m— KHR-1% > /e —3 3 wesv 7 74 1l

sample motion

Ej.? move MATLAB avi - MATLAB & KHR- 1/ 0815 ¢ E5 JE &
! e walk_ODE .avi JODEDHTY 2 =2 b—ia
walk MATLARB avi CMATLABD T I = b—3i/a
walk KIIR-1.avi : KHR-1 4 TE {0 R B 5

Fig. 14 Composition of folder and outline of program

*7-, MATLAB ® 7' 11 7' A TOHK & EHEORR % Table 6 (277,

Table 6 Parameters in MATLAB simulation

Mathematical . )
Property of motor _ Attribute Size
expression
ID n i
End-point side ID n-1 parent
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Body side ID n+1 children
Size tn arm(i).xyz 3x1
ID and channel of RCB-1 arm(i).idch 2x1
Degree 6, arm(i).th 1x1
AXxis vector a arm(i).a 3x1
Relative position "o, arm(i).I 3x1
Relative barycentric position ”‘lpgn arm(i).lg 3x1
Relative attitude "R, arm(i).R 3x3
Relative barycentric attitude r"1Rgn arm(i).Rg 3x3
Absolute position %p, arm(i).p 3x1
Absolute barycentric position 0pgn arm(i).pg 3x1
Homogeneous transformation matrix oT, arm(i).T 4x4
The center of gravity of 0 ]
] ) Tgn arm(i).Tg 4x4
homogeneous transformation matrix
Differential of degree én arm(i).dth 1x1
Differential of relative position "“Ip arm(i).dl 3x1
Differential of relative barycentric position ”*1pgn arm(i).dlg 3x1
Differential of relative attitude "R, arm(i).dR 3x3
Absolute translational velocity Ovon arm(i).vo 3x1
The center of gravity of 0 )
) ) Vog arm(i).vog 3x1
absolute translational velocity "
Absolute angular velocity %o, arm(i).w 3x1
Spatial velocity matrix ov, arm(i).V 4x4
The center of gravity of spatial velocity matrix 0Vg ; arm(i).Vg 4x4
Differential of homogeneous transformation matrix o, arm(i).dT 4x4
Differential of the center of gravity of 0 ]
: : Ty arm(i).dTg 4x4
homogeneous transformation matrix n
Second-order differential of degree én arm(i).ddth 1x1
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Second-order differential of relative position "B, arm(i).ddl 3x1
Second-order differential of 1 )
) o [ arm(i).ddlg 3x1
relative barycentric attitude "
Second-order differential of relative attitude "R, arm(i).ddR 3x3
Absolute translational acceleration 0\'/On arm(i).dvo 3x1
The center of gravity of 0. ]
] ] Vog arm(i).dvog 3x1
absolute translational acceleration "
Absolute angular acceleration %, arm(i).dw 3x1
Spatial acceleration matrix OA arm(i).A 4x4
Differential of the center of gravity of 0 ]
) ) ) Ag, arm(i).Ag 4x4
spatial acceleration matrix
Second-order differential of , ]
_ _ °T, arm(i).ddT 4x4
homogeneous transformation matrix
Second-order differential of the center of gravity of 0 ]
) . Ty, arm(i).ddTg 4x4
homogeneous transformation matrix
Mass my arm(i).m 1x1
Inertia tensor I, arm(i). 3x3
Linear momentum P, arm(i).P 3x1
Angular momentum L, arm(i).L 3x1
Force fi arm(i).f 3x1
Moment T, arm(i).t 3x1
torque Un arm(i).u 3x1

Fo, KGSUTHFERHLEY 7 =7 OAR—2 g 0 Table7 D L H 12> T 4.

Table 7 Software version

Open Dynamics Engine

ODE 0.10.1

C compiler

Microsoft Visual C++ Express 2008

MATLAB

MATLAB7.1

-31-




=2
o
¥
Pty

DR R

[EBR =]
1) Yuhi Awa and Kazuyuki Kobayashi
Kinematics Simulation by Using ODE and MATLAB
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235 3K

S5 Xk

VBRI > b KHR-1,  http://www.kondo-robot.com/html/Product_main.html
* Kondo Items Servos,  http://www.kondo-robot.com/html/Products_Servo.html

¥ Open Dynamics Engine V0.5 User Guide, http://ode.org/ode-latest-userguide.pdf

* Anitescu M., Potra F.A., Stewart D.E., Time-Stepping for Three-Dimensional Rigid Body

Dynamics, Comp. Methods Appl. Mech. Eng., 177/3-4: 183-197, 1998
® Anitescu M., Potra F.A., Formulating Dynamic Multi-Rigid-Body Problems with Friction as

Solvable Linear Complementarity Problems, Reports on Computational Mathematics, 93, 1997

O KT ARk, fHELLEER I aRy hIab—ay, 2007

T HRH FF, ba—~v/A KrAv bk, 2005

® KHR-1 %> 7/LE—3 3, http://www.kondo-robot.com/guide/samplemotion-khr-1.html

-33-



