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Control circuit

Shoulder part

(a) (®)
The real physical quadruped robot.

Fig. 1
(a) Backbone segment and (b) a single leg seg-
ment.
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Fig. 2 Target trajectories of the feet of each
leg.
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Swing phase

VIr—eNi COS ¢;

Stance phase

Fig. 3 Schematic of the dynamics in an in-
dividual component of the GPG depending on
local sensory feedback —elN; cos ¢;. The phase
is pulled toward (3/2)m based on the local sen-
sory feedback (arrows) .
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Fig. 4 Schematic showing the physical effect
of the local sensory feedback.
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Fig. 5 Experimental results of the steady
walking motion: (a) the gait diagram, and (b)
the phases.
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Fig. 6 Experimental results of the gait for
changes in body properties: (a) with a load of
0.12 kg on the fore legs and (b) with a load of
0.29 kg on the hind legs.
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Table 1
configurations

Duty factors for different loading

| LF | LH | RF | RH |

No load 0.66 | 0.52 | 0.59 | 0.61
Fore leg load || 0.81 | 0.63 | 0.85 | 0.58
Hind leg load || 0.53 | 0.75 | 0.52 | 0.75
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% £ CoORHE D 1T B 2 H &
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5. Fig7& D, fiffE% L O5E1E50% LD

100
Load (0.29 kg):on hind legs

% - No Load

%.. Load (0.12 kg):on fore legs

75

50

Diagonality [%)]

25

0 25 75 100

50
Duty factor [%]

Fig. 7 Hildebrand diagram?’) of the duty fac-
tor and diagonality in our experimental results.
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&L, ZNANDRHIZw = 0.4[rad/sec] & L
THEEzfTo7%,
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Fig. 8 Experimental results showing the
transition between walking and standing mo-

tion by changing w: (a) the gait diagram

and (b) the phases. The hatching region
(16.0-26.0 s) indicates the time during which
w = 0.0 rad/s.
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Fig. 9 Experimental result showing the tran-
sition during a change in walking velocity by
changing w: (a) the gait diagram and (b) the
phases. The hatching region indicates the time
during which w = 0.6 rad/s.

FEFICEBR R VA RS o e O TUU T T
HT 2. B)RNofAFE22H%
a; = —€Nl’ (4)

EBLE, B)RBEIXKXDRENM: & HE 1% 3
1 Z 72 Active Rotator€ 7 )L D *%13) :

¢ = w — ajcose. (5)

LEAET S,

Active Rotator 23RE) 1 - gD &6 5 0
WEHTIRS 589 2213, Do, DIEICIKAFT 5.
Fig.1012a; < wDHH (EX) ta; > w (B
X)) D54 D Active Rotator DRtk %2 /89, [A
EXOHEE, Mo —a;cosp THALM L%
MR d 2 REMEDOWE 27, —77, FAK
DA, w—aicosp = 0% i 72 TLEM &R

-7 -



LEM (ZNZNKP DAL E BA) 23R

L, L7 E b & e W& IX L E RO
PR 2, b L, Sl &k D ALE
fEOPMHZEZ 5 &AM E2—FL, BO
LEMIELE CMEBEROWEZ R Y. $7,
XIrh D BAAT P AHE DR HR A3 Active Rotator DR
Bk & EEEOWELY D B b 3w/ /0%
£LTw3, ThbbWA26, Hichhrs
J1CTdH 5 N;DIEIC & > TLREM & RNEERFED
EZALT 5. _wfw,%wﬁ@W®w3
ko TEIICZAL T 2 L CliRENE - E
TEDMEE A FEMICZAL L, ¥ D FEHIBI 1R
WkoTras—vavERBTbh T3
EEZLNS,

Fig. 113 IRE) 1 & BE 4 o IR 22 [ Y ol i %2
ML7bDTHD, (a) 2Fig. SDFEHE, (b) 2
Fig. 9OFERICHIE L Tw 3, £7-, KbhoF
DMRENE (w/a; > 1), KRB (w/a; < 1)
ZRLTW3, Fig. 11 (a) KBV, HEHE
DWEZTGHT 2 2 & THEILIREED & Bk
e, BITIREED & H I IREE~ ORI 72 5] Z A
Ao E, ERILIREE L BTIRER O 2 L — 2
RESEDHEBL TS I EDMHERTES, —
77, Fig. 9D X ) ICwdRKEL & D, BT

M 7% EFig. 11 (b) DX 9 ICwhIKE L
7o T LA (16[s]~20[s]) (ZIRENEDEE
BIEH I N TV A FBfERTE. Iho
DGR S, RET 2RIy 74—FNy
JHZHWSZ LTk, ury F2EHHD
RILI G THRENE & BEE P o PR B % Ry 22
IR X & % & & i 2 BB L,
FiIEIRAE & AATIRAEB 0B o ST M R O
B ZITo>TWE Z EDPMHERI N,

- o:Stable
m o:Unstable
A~ ! e
: Y
(" A
&\J I\ 54 ! Vv
E
w ¥ W
il ] —
~=r a 7 a;
(a)ai<w (b)az‘>w

Fig. 10 Phase dynamics of the active rotator
for the cases of (a) a; < w and (b) a; > w. The
active rotator exhibits oscillatory behaviour in
the case of (a) and excitatory behaviour in the

case of (b).
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Fig. 11
tatory and oscillatory regimes in the proposed
CPG model. In these figure, the red and sky
blue areas represent the excitatory and oscilla-

Spatio-temporal pattern of the exci-

tory regimes, respectively.
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