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mZ2EHITO Ry F OF1EEER

AR B

T S = g SO

BMCEREL DT CHHT LRI B 0L, BHT LIRS ORH5. BBTIBHEE LBH =%

AFDOHETENR NS EEhTWA., KFX TR, g TOMETRIG T

D DR R EDT D

RS D X5 B AR E LU &5 IS, EESF R Ay MOV TEEIRS.

FITHFHET 5 & &y, HE (Gait) PHEEE, STRH B RERIRES 07 2 - 20 FE
THOEFRLTE, Shbk [HToREE], ERABEHEE], [BH=Fi¥] LWiZ2>0HFELEELT
BETHZ ERMEL, ThOOREL AT 2 -2 OBREBHNENCER LS. LT, e LTUT

DT EEBFTNHES.
(1) HBTEMRENNE, REHTTED

(2) BABBEEZ LTSI, ol b EkERFIBTHETTHE ENEE L.

(3) BEHEELYRXCTL5TRMNEFETS.

(4) HHBHRECH LTBE=* v FeMNCT 25T B EET 2

(5) BE=* 1 FEL0HT 1L Trot CIEH oM %R » B85 »%, BEHREEE Tk Pace
(RO, ®EERRECE Y BTHE) B8  Lw

Z LT, Collie-2 EFHENBIERSLTR Ay FEAWT, LLEOEROZLIELERIELT LTV 2.

1. & L & [

EEe Ay + OBEFE & LTHRBEH ORI
THEERE T > TS, BRTbRTEr Ry FO
Bl awt e Lo, ko 2kt 5.

(a) WEXECHWRENEDHTe Ry 1T, FHE
DIFB &AM LCHERELYE %, BHRRE LR O
T (ST oz

(b)) WNEEXEBRMEETFOHETE Ry 1T, #HHIK
WREETH D5, BHCERERRE BT _@EHD o
ﬂ%&“ll)

BSOS UL, HIHAEE CH 50 CREMRTEY
FRLHVEVLIEHERD D, BBRTeswal, BE
FEPHB=ZALFORTENRTVB L) BH A
5. EELIL, BECS UL TIALEZECHTHZ &M
TEDZHfTr ARy PORBEZEE LT, e, HESH
TOWGEETT, “Pace” = “Trot” LIHUINZHEY
FHLTERIT, Zheagw T, ThETThhTg

RS 1987 28 A 6 A
* RALRFEIER ** RORRFELAN

HEARr ARy PFEAGE 6555 —

72 (b)) D x4 FOFRLE WL, BHTEERRETS
ZEoLBEERHh, F0Xd RERTIRBERESE
B A F 7l 0ENLET L &5 IFENERT
Thh T, L, Rl fcBHTofarE
PTiebilE, TOX5 KERILHBERARTHS LH
2bhs. oL HRRESEL, FWXTE, BT
BEE T AIGEL LT IEEH), TRBEE] [B83)=
ZAF ] BBEAL, hbOEEESTEETE O
52—z (WE, $2, SHTRH HERL OfE
B HwCERLLTWA. 20X 5 REMLE

TR Ay b OFELHBTOHECE T, BRI

HEEL B,

KL OREBUI T OB Y Th 5.

OEZE T, HfTefy t OEBHERN LT thy
R &\ 5 PR ORIEA TN 5.

OH=E T, WREWOHFE LHE LIPIED w5
ER LT, HESHTORENR=E 2 0HE “Trot”,
“Pace”, “Bound” %EAT 5.

O, %, ARET, KRNk, So0IEELHT
BFETAT 2 -2 OFERBNEN TSNS
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OFLETE, FERBEIRIID
OFAETIE, L EDBH OB TR INRENEYT
B0, EROERNERTHDL EFEET 510 d
2, “Collie-2” LIFEh HHT= Ay P aA\VTHE
BT o TR IOV TR B
SETERLNABTORPNFOBRC R UL,
O7 27F 22— 2 OBNBRAPREROHMEZEDTE
BRI T 2B B @ Z e UCEHET 50
ORRAZRED X 51> .
&, —BERTHRELAVEENRS . #oT, 208
BEHTL, EOXRRBIHETS»EVOMELE
DTEENRINDVDENRHD. ZhETTESTr A
y MDD T T SRR OWRE D EE 23 R W i
ZEII0 Ly B b, RERSOTO 3 1k DR e
BEATH & L X D TE BT ER A HET X - TEE
TafThEbs Ledb. 8-, HIEIOMBERTIZE
TEFTIC SO ERRT T LA & L3 Thinuas,
K TeE 203, TBHTORELY, AELERRO—ME
—\EERENTH &, Thbb, ZEHOKE GRO
L IV enTEBLIETHB. Th
i, ZRBTOPFEOTHE LLBRLR TN 5.
2. FFAEKRy POBEHER
CRECHEUEDLS R Ay P OEEBHERE LT
X, BRIV ECDOREE LI OMNELHND,
PHOBENZER CE L WESTRERETE SOk
RV ZZ T, WREEME =T v -2 R

Z
J Q%
ST KT
d (.~
[N
= ¢‘2 PN ¢ <
g = < b
w3
& ~o, o
3
2, )
(\
2

Pitch
0 o ¥
Fig. 1 Construction of Collie-2
JRSJ Vol.6 No.5 -

EWEX

TOMAZHPOMA TITbhTws FE X EE L
T, WRBHTEFR DD OERHBER R TS, FL
T, COBEFGAERNZHCCGHIEEE? LHEATZR
% 5BETOMBEE & L OB OWTERS, ¥
TETRRLEFFER L OREL, SEOTIENRE
Mes T, EERdEeFA L LTLUELERVLR
5.

2.1 #HTOKRy FPOETILE

B Ay b OFEREIHICOWTEEN S YT O
Ak, Ry POHBRE - BE- T2 0
Binliwl-T, ZORFIKRESER->TL BT T
BB, RWILTE, W& BFITRRE L FHTr Ay b
Bk, “Collie-2” EFMHENBIMESTr Ay )
IR L, LITFORERET 5.

o {57E 1

(a) 77/F=—23BE=—%&T5.

(b) PEEHIL 10~20 REE & /NS <, B3EIT
DEZROME IR CE BEE /NI L.

(¢) HHE- B Fig. 1 REN5X5ThD
AR ERMNCI 77 a=—x « 1 BHERT, ¥
TV v 7 i EERRERRIB LB R Thi, Fe, S
RRLH VAR EZEERNFER I Tvinwy

ZITC, (a) & (b)) BESTIUELRGIELEEE
BHLDRERMLEERCT A D THS. e, h
FCOBHFTHORE Y F CRT7 7 F a=—8 O EE-
A2 HE T ARDIEY s — A FTRA—E=y ¥
FIA 7 EOBIGERSAAGLERTVB2, Z0kb
fraBy TR, =207 — DSOS NEERL X
o THRHONBOT, BHTICHE R BEE®BRZ &
R, EHHERSHITCLE =2 F ORI EN
REETHDLEVIRERDHS.

(c) bEMEPBRBTTHIDTHS.

Fig 1 @k C, =4y b OEEDRE S EREOFL
weh, REEHx L LT

x=[, xp=[ % Xpeg=[ b
XrR ’7.1/ 1 ’7021
XHR 4 05
Xr1, L¢1/| \»mJ
XL 2 b
==, Leg=FR(Fore Right), HR(Hind Right),
FL(Fore Left ), HL(Hind Left )
L.

Fie, R THVSEE DR % Table 1 iRd.

2.2 BEHABEXEFFNRCHTDIMESR

TR EAER LT B & &k, BfTe sy PO
B RN IR B 5 ROEBH BRI D.

T, fEMALDICDILTD X5 RERRT 5.
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o {7E 2

(a) JELJ), =294 V00X CEEEKRE LIcE
TEHTX 5.

(D) =—fhEh ) OEBIRE bl Fi, m—
MliEbh D OEB Ly FHED D OEEIIR
B DRI T3 Linye.

CoEE, REDEICHREGER (1) OHHFROE

HHENT (2) KDL 5 ckesr?.
e(x)=0 (1)
A@)E=Cu+g(x)+E'f (2)
Z o,
x:REEEH R, u:Bfit s ERE,
SRR eR™,  A:EMATFI, g: BESE
e : PTG, E=0/e[0xs R™*"
Bz, Figl o= F A CjADHEH L5 &3
&, —ROHeoWnTCa —iEi b O ERVTS
DOOWENTFLETHDTC, n=25 k=20, m=5%xj &
5.

R (2) 2B, HDEE x@) HEBETHDDO7 4
—F737—=Febnz ul®) ZRDHBILD> LT B &
&, BB TUIKRDOZODOMENRH 5.

(a) —fBic k<n Thb, EEOBE x LK f
Fhzick &, R (2) B THEAT v 2RD 5
T ETRHSRIS .

(b) fwrix, LITofEEs L.

(1) GREKRKIZ0 T Ukinbitly,

(2) ORPREINDSGRERK ) X (BIEBEERED

Tz Tl bign

(a)ORIfEE, 2.3 TIRKIDOIW|E EHE L THHEL
LAEEARERZE S X @5, (b.1) Off
B, 3.2 TERAWEAREOHBEOMES L TN
5. (b.2) ORREE, 6.2.3 TrA 27 OEBES2FE2
B EC X THEIND.

2.3 E@HHFBEXORKEL

HHCBWTEERE Lo LThy, ==V
—ZDNEETIOAAT Y » FHIBEORE & 12 B 7
D, 2.2 TH~NTe (b.1) & (b.2) D&M IR
DR DEOBRESHEIEE T, 22T, KK
NFREZEOHERSE TR, ROREx, &, vk
LTREINDZLDTHD EE%, K (2) »b E'f
DEZHEETH L, WRD X I koD n—m RITHE
BlLENRRBLR D ((F831).

QCu=Q(AxX—g) (3)
Q=E,P. .
P=A"'"—A"E'(EA-'E)"1EA™

E=[ep ms1en]’

Ao Ry hHEE5E 6555 -

Table 1 Meanings of symbols

ms Mass of link—1

Ji Inertia of link—1

P Distance between joint—1 and center of mass
I; Length of link—1

u; Torque at joint—1

0; Angle of link—1

Ep:[el'"en-m:lt

ZZTC, eprenp.m X ep_morrey EJNLTHDOE N
AL 7 b . ‘

ZokE, uwiX (3) wildiE k<, rank(O)>
n—m OLEIE u F—FBERELR\. EoTu¥
RD BB EHERNETH D, AR TR, =
FAFFRNOFEEH D (6.2.3).

3. EXHHBSE
31 FRXTERTBHT

Ol DEF)
R TEBETHSFTIEDWT, UTOX 5 ndih
BT 5.

o BITILEENTH 5.

o LM OEENL, FREWRThUMIR—TH%.
OB

PRERTICRT B EARBR E LT, ZHad
oo THLBEVBY TR Sh, Thih

(a) Trot ::AOHIREKCE< .

(b) Pace :ZEHwr o TEAIOMZREZE) <

(c¢) Bound : FiEr >\ THACHEEEE<
IR TV BB (Fig. 2). AT TE, “hb®
F DT TERWHSHE] L8 EBRNFRSZE T,
Fig2 o X 5w, Z“HZEORNEHI 5.

Boundiws Tk, B, Mz b h kB k&in
T Fam— ARMETHD, HB=FAFRRE D
EMDBITCIARRETHDL EELDRS. -7,

O RIS THEETHEAL, Trot & Pace iZfRET 5.
OF a—F4 757X

HDOH BIZEETHED 2B T 0—34 7 VN THL
LTCWAEEX, BE, Ta—74 757 7&EFIN
TWwa., 2T, chi a(0<a<l<l) TET.

FHAIHBFCE AT, @<0.5 O i, EER
FTANTHE? HEER 2B BN, EELR I [
71 ERFILT TET] EFFATWS, REBLTIE, E
TORBEEI T\ DT,
®«x=0.5
L35,
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Trot Pace’ ®

Bound
Fig. 2 Gaits (Trot, Pace and Bound)

3.2 EFFELHEOEEHIIETFOHFER

HEARGHE CHN D WZRORT, HorMECH
LT (3) R bHEATIuzRkoic &, REDT 2
Fom— APKER Y7 BFRET BB O BE I,
2.2 T ffE (b. D) Pfile e insd. T,
FREFROZRDBHNCIIARLETH Y, TOPENEER
RAEETHHE EEHTLTWA. #-T, ThHDRE
HUTE, &4 2201 MEHILo L 5 g x(@)
B Tl iuEinbinlo.

o, SREFo—HZENO = F L TiTh
TWAHEO LAKE, TRHRERT 75 2=— 22
e LisWBNEF 0= F A e 50 TS 0 & 5 7l
FEET S, =0k EAIEARTAE CRLS TR
DFRT, TEEE - TS ISR — D& 21T
50T, chb Hofesm (Fig. 3-a, 4-a TOREE
Y OESE—ARDY v OFEER THETE, ThE
NORFFEENICHE SNICESHET ORCEE LI h
5. B, BEHOESYER LRESCED 5 &
OTrot

REOERRBIC Y » TELNAEEENIEF TRTZ

L cE s (Fig 3-b).

(a) (b)
Fig. 3 Trot Gait and Model as Inverted Pendulum

JRSJ Vol 6 No.5 -

B O=EWEX

OPace
ERAMNOBHMRICE » TIREORBHE L REDOEE
VEFTERTZ e TED (Fig 4-b).
WETE, 2085 hETRTFONERORER L4
TR OBERITOWTEET 5.

4. HITOREKE

1. ThlB~Nfc k5, EHEET LV MBEOREIL
ST B A R ERRIEH LT, Ho BT
X o TEUAHELEFHELTRELERLZ Litdh
B0, KESCCiE, EhIEFo =T (Fig 3-b, 4-b)
BRWT, REREEHTHTERISHEAED Tnax 3%
EARARTSRCN LCEET B L aRT

KX TERTHT a—F 4 77 7% a=0.5fhi
OEHAT T, FEHZEIEN 0T, ThEiio
A DIIREAF 2 R DOFE DI GM: % 55 S S BGE R O JRE
ThDHERTL, BbEhic@frizkTo =52 (Fig
3-b, 4-b) TOZHMOMAE & LAEE £ LT,
& (4)~(6) DY ERE LT, TOBERE
Bt 5.

e [K7E 3
a=0.5 (4)
5= Ty (5>
£1(0)=—£,(Ty (6>

To=1—a)T=TJ2

ZZC R (4) BEFHOZBEARRICTbh ST
E&, KOS OISTEM LEMOER oMY, R(6)
SRR CELOEHENRFE IR E 2R
FREWRL TS, i, X (5), (6) TOFEDY
B LU D IL20NE, ERARTERICI > TRRS.
4.1 Trot OHAFITEL

Fig. 3-b CE XN 3ENIRT O, FlHOTZES
B X » TELUHPBEDBREDOHE LK E L ZT 5.
o T, BBREL ILE) BB LELZ LRRETH
B4, BEOKEFIHFEAHENTHS L5 REAORK
8 Tax ZERIICRD B LNTES. ZDLE, &

I\ 52 | Actuater

£

(b)
Fig. 4 Pace Gait and Model as Inverted Pendulum
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Stride is small

@ Supporting Leg
QO Center of Gravity

Stride is large

Movement of Initial Condition of
the Center of Gravity the Inverted Pendulum
Fig. 5 Relation between Stride and Initial

Condition of the Inverted Pendulum

RS BKREL B LENRTFOBNAEOWHIE X%
1250 T (Fig. 5), Thax METT 5.

Collie-2 ¢, Br — VOB Z AR LCe —
BB BRI Ui ER T

S=0cm T Thax=0.8sec
S=6cm T Thax=0.6sec

BETH-T:.

4.2 Pace OBRKXSTEH

Fig. 4-b TIN5 7 — LEBDOREAEESH 51T >
el D EERCHZRRAREV BT, CoRo5E
HOBEIIBRAL, =6 LRV T, kXD X5 1HEe
5 (f1822).

E=qx—b (7)
(Collie-2 Tk @=33.4(1/sec?), b=7.78(1/sec?))
COFRORERILFig 6 DX 5B ZORT, EE
EEICE - To N L ERTEAREIHOBENT
BATH DT ROEIEHM TH Y BEST © &bt
itll))
2(O=—u(Te) 2O)=—2(Ty (8)

TiEic T o LA R ThD (Fig. 6 TOER. KHic
T HAKE L D ERUE—EORENBER TREIER
TRERBWI 50T, BNADRKE *max=2(To/2) 1%,

AArAy h5AEE 6555 ' -

£, rad/sec

:.1v
Fig. 6 Phase Space of Supporting Leg in Pace

Tmax <Trmi<b/a 9
Trmi 1, ERECRE BENAOEIMET, & (7)
DELEBEECT S x=bla X D/IZ s
T RERS D, orE, & (7) TR
EUTHDE—ERERTESET5E, R (7),(8),
(9) Xbv, KALELRB.
T<V32 Byimulb [¢))
Collie-2 DEBTIL, T1imiy=10(degree), Tmae=0.85
(sec) LW o ERBRBELRII. )

5. RABEHERE

51 BE&EE

BEGELE Vo 13, B8, SR, F2-74 -7~
7 ZO=ZDDEFRTHEENS (Fig. 7).

Ve=Sa/T
=S/aT an
S i —¥ A 7 A TOBEEEL
S B GRE KT % EH O B®IRTREEE
T:HTRAM a:Fa—Fy 757%

ZORLY, BEEERZ LT AFERL LT
OHFSHwRELT5.

OBFTRIMAT /&L 5%

OF a—F 4 * 772 xak/PNET5
DEDBBHHZ EDGD, CZTE, FamF4 7+
7 ZRFBITECRCTHESPNEL L (@=0.5) £ LT,
BEREORAME RABEERE) 28, HiE&LHTEM
DRI E LTED XS CHREENBMICDOWT 5.2 TE
=715,

5.2 7H¥2T-SOHNBREBABEEE

W ABIE S 22VHE b i, BEHERE T 5 %
BErkbh, ZO&EWHELEEDEE v OREKE
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ZNE S

aSa

T ouch Leave

Touch

>

aSg=S
Vo=Sa/T=S/aT

Fig. 7 Relation among Velocity, Stance, Duty
Factor and Period

Upax % Fig. 8 Tﬁéhéﬁﬁ*ﬂ@%ﬁk%?ﬂﬂ‘zﬁib
TR b &, kA HELID ((F873).

S
Uma,x:fx48><m

12

S : #igE, T : H{7EM
I BHoEx, J:#EHoEEs—2 v

CZTC, Umax 1%, EHERET 27 75 o =—2DH -

FRER Ulimsy X DAL RTERS V0T, (12)
I_fi%f Umﬂ.xéUllmi;: Ucﬁj\ Lf

Sglgg%lxlxlﬂ 13)

HEBR, HEO FBREISERAET o Ld L
DD, T, 4 CRNTeRECHITA B i A
Tmax X o> TERASE Snax R (14 DIOTR
EINsb.

Ulimit

Smax= 48 ] XX Trax? a4

e, R (D) 2R D fRALTKRASBELRS.
Ulimir B

Ve gwx IxT (15)

IhiY, BEEEL LT AIDBTEREENELT

Actuator

Fig. 8 One Link Model of Swinging Leg

JRSJ Vol6 No.5

Tl

8

B =ZEEX
S
B
P45 T
A
'
T ype-a
i
o Tmax T

Fig. 9 Relation between Period and Stride

BT EV, RABEEEDENLER TR, T3
BRI & LicAl &k EBIETHTT D &8
BE LW &2 5. Lal, HiESIHEOE L
BT ENTERVDT
S<21
&S RS T 5. o _
corE, BTEAMTHERKEAM Tnax 82 72\ R
BB T, Uiimy &0 J, 1 EOXRDNERID
RO DDEENTETS.
OType-a
77 Fa=— 2D WHBRR Uiim VNS WIdIT,
Smax <21 LicHE4E.
ZOBEAIIE, K 16) OFHWEFITERTEHDT,
SABEEE Vemax EHASFTRAM Thax KL ORE
Th (Fig. 9, HA), X (15 Iv)kADI> > ER
3.

(18)

Ulimit

247 XIX T max

an

Vemax=

OType-b

775 a=— 2 OHABER Uime 24K E0TDE,
Smax>20 i BEA.

Z OB, SIEER A6) Tk - THIEIh 20T,
BERELRACT AHTRAET

T=v96 J[Utim1s(< T'max) asg)

PEEL (Fig 9, &B), BABEHEE Vemsx 3K
an, ae), a8) xv, kXD L3 IEL 5.

meaxzzwﬂlﬁgyﬂixiz a9
Collie-2 o¥&1cly, Upimiy=1.15(Nm), J=0.0153
(kgm?), [=0.3(m) TH b, T=0.8 D& XL, Smax
=0.3(m) &75DT, Type-a ThHr I\ 5b. FT,
Kie ¥ O CRBEEE IR HEIE—ER T &
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DEEERDZ LD, B Type-b THHLELD
5.

6. BEBIXILF

6.1 BHTCLERTIRXILFEOESE

FRMce Ky b TS, HEDOrR,y r23HTET
SEIEBRIND=FAFE LTUL, —HIT

(1) WEFReELbh3EE=31F

(2) BErXoThbhs=frF

(3) BHFKREDBERILI DEbID=F1F
ERELLR, SLEFERTHT V7 F 2=— Z0EE)
= — 2 DEPAIL

(4) &TDE—2DBRET CRETHY = — 18
NEZbNRA. ThbD b ENNERNCE D,
HITHEER 7 7 F o= — FIC L » TRRD.

RSO %, BHTRLE =R FE LT (1) %
HRAL, BEEOKERT 7F2=—2 LRRRECH
LR DR A E A = L FRYFRIC I W TER T
W ERRTWS., LvL, SEET 79 a=— 2 %ff
FALKSACERC I 5BRALERT S Z LXBENT
DT, (2) bEEIRRFIERSR.

ChEE LT, BREE VN EKEBRI ST ARy
PR (2) OBEIATGG, B2 2 RERICE
DIEBDT (4) REEINRTIE ebisy. RET
I, BSTeRTEEIR,=FF & LT eES
NEPEDNTEL B, '

5, BHEOIDIRE 1 DICKRD X 5 InREXH
TTEERNSEY (1) & (4) KBET 5.

o 7E 4

(3) LXB=r A EDBEKRIIERTE 5.
cokE, (1) %
ORLETDT I/ F=—F LOMTRYLHINEN

HEH=AAFEDDD, T/ Fazm—A2nbLRIEELD

hAL0RGEEE L DY

LEFEL, RTETERDIIKILSD.

HL 5 A
21 0ufddt 20
0 L_eg=FR 1=1

uy: Vv i@ rrry (Nm)

0,: 9 v7 i OFKE (rad/s)

e e
iz, (4) T, =—2E2HENSER I L2 T
THDT, KED L5 TERED

T HL 5
E,= 220 Ri(ui /Gy K )Rde (€29)
0 Leg=FR =1

Ry BEFESR  3.20Q
Gy : WEORGEL (16.7

En=

for Collie-2)
for Collie-2)

5

AXrAy FEREE 6

o

Qi
I

K;: + v 7% (0.035 Nm/A {or Collie-2)
2T, b2 up iy, BITETS AR LTR (3)
Bu oWl Zimk-THELRS.

Collie-2 woWT, Epn & E, &% (20) &2 QD
I HELEET S & Table 2 R THRENELNS.
COHERE T, E, wownTll, 6.2 THRRLEE
EREBRTWE. Zhnbys X5, Collie2 OF)
AT TIE, ¥ a—AEERK E WIEWESR En 20—
MAREWV. 5T, KRLTHHTRLEL=FLFE
E, TR LT s,

oL EBUBEIEE bl RE R =5 AF (B
T, BIBE=FF) X

P=E, VT 22)
Lies.

6.2 BEIXLEEZRNCTEINATA-SOHE

6.1 CR~NF=BE)= % L ¥ P, HE, BEERE, &
TTRY, AEEOBEREDRER LI Tnd. i
® (3) HEE DL AEHIE L - T POERR
h. RHLTE, BREEBEHRECHENDLDHP D
HEaIT5 0T, WERERZFOLIIT, LOfin-s
T A= ALY, BABBEBEEECKH LT, P
BNCT D XS IRENADERH S, L L, K (D,
(22) ZEEZHAWT, PRE/NCTOMEYERTHI &
BEEETHDHDT, T, HABEEBEEE
LT PER/NCT AT ET 5 FIHERO=21sy
LT, ThZhaRE e TEEXTS.

(1) PRE/NoT3BTRAEOHE

(2) PuEB/NCTHEBHOBEDOHE

(3) PEBNNCTHHEIEATONE

ChE THEITORBOHBEIC 2T, Chow BN
Optimal-Programming FiEIC X » CTABDEH{T%
LT 52, SHTRAMOMEBRELRLTCELT, %
fo, REAERRENE S EROSHT e Ay MICEORE
B THAPRETHS. KEISE, TEOBSHEE
L= R v FHBRER/NNTHHESFET S L
oW THRNT W AD, ARNO X5 RERLIE S h
Tiso.

6.2.1 BEI=FAF /N THHETEHOFE

BB X D HABETO P eBTENT EBEHE
E Ve THERT L, kAVBLRDL ([H8E4).

Table2 Energy in the Dynamic Walk

Gait | T(se) |Velmbeo) | Eu() | ED
Trot | 0.63 0.5 | 0729 | 105
Pace | 0.59 0.25 0.690 | 21.3
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V 1
P=Cow e+ Corpe

FNEFNOELLT OB EZE: - T 5.
1 A INCR D I3 X SR B o

C
+CspT2VG+—;’;;-" (23)

=R F ‘

B B A LR Y BB & iR T 5
D=k L F

B=IE : EN O EE LB @R =%
F

B ER RS R AT AEIREO =
FAF

E7c, BHBTOEFEDBRE Cow In & OfENE, KX @D
L (22) POEEINB POMEYSERCHE T &
r-TilEbhd (fiF4).

& (23) TAP/AT=0%f = L1k b, PuxE/NCT
FTHTHRDDHE ENXTES. EARNFTHEFCOWTEH
B LR %Y Fig. 10 wid. co X mTHFETS
HHEYEFNCS &, HEEHTAREL 5 L4508
SHAEL e B D THE=IEHI ML, THANEL kB E
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Dynamics in Dynamic Walk of the Quadrauped Robot*

Hiroshi KIMURA** Isao SHIMOYAMA*** Hirofumi MIURA ***

ABSTRACT

Walking can be classified into “Static Walking” and “Dynamic Walking”. It is said that Dynamic
Walking is superior in both speed and consumed energy. This paper describes how the quadruped
robot should walk dynamically to take these advantages. Such consideration is lacking in the past
research.

In walking, there are many parameters (for example, gait, speed, period, stride, and height of
body, etc). In this paper, it is proposed that these parameters should be determined by considering
“Stability”, “Maximum Speed” and “Consumed Energy”. The relation between these three indices
and those parameters are analyzed by means of Dynamics. The conclusions are the following :

(1) The shorter a period is, the quadruped can walk the more stably.

(2) The longer a period is, the quadruped can walk with wider stride and faster.

(3) There is a period which makes the speed a maximum.

(4) There is a period which makes the consumed energy a minimum for a given speed.

(5) When comparing “Trot” gait (in which two diagonal legs swing at the same time) and “Pace”
gait (in which two right legs or tow left legs swing at the same time), Trot is superior when consi-
dering the consumed energy, and Pace is superibr when considering the maximum speed.

Lastly, the validity of above arguments is proved by the experiments using the quadruped robot
“Collie-2”.

Key Words : Quadruped Robot, Dynamic Walk, Stability, Maximum Speed, Consumed Energy,
Collie-2
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