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rees of freedom) T 2.
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5, fRfkEHE ORI 32D icBAr— 7 (loop
4=loop 1+loop2+loop3 &7nBh7cd, FEEIIHI
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TR 3 AH#EnEE (MARK-IID).

T3, K5 ORERE, RECEEINIE»L
RBEZRIZLDOTH A0 L, B2 OBBMNIHER
REEZRISNIA»DREXYZILDTHS. hEE
KBITHEEE, MARK-I ¢ 0.3m/s, MARK-III ¢
0.1m/s Th 5.
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BH 4 HALHREIE (DEEE r=0.8m).
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von Karman M Ex 7wy P L2 DTH 5.

(3>




(26) HAHEERMLEE Ul SR B35 i 295

30 \
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Bod TR im0 T R BERRER LT
WBHT EhbhB.
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FAF—0El, BI, (i) ¥ aA v+ WOERE
RAEZ bh b, BHOBEMLETB®, Hic
(i) PHREERT I LT 5.

—7, (i), (i) OBBIZOEIHER m, R
*hEE m,, REEE U, ENIEE 9. 3 IOBT
BRoORELIE [ THRETES. LEdoT (4) &
OBRIRILT 5.

EXim EemoEs U KegKsKe=4- 5k T5 (4)
(4) KXy, (5) ROX I3 DOEATHEEBA
THZ EMTES.

T CC o IXEBEMRE, BEBAHER . it T 5
DTHBD, BRI 112005 2 — 2 TKELT
WBHZ Ehbh b, —F Uplo (0=80) L#Ex i,
wE (6) Reis.

e=f(d, M) (8)

P22 L, c?>=a>\/i, =T
g My
L7723 T MELWALK % 1 7 OS8R T 0,

A I CENE, BRE RUBstERc

(1) FEHRESTEIRE LS RETEROS
TEEX, KB LTIk O #EEBIE & 5
EEfFCHETES. LBy T RT3
XXy, mEfFeR LTHREEY 2L
PEE L WHTER (BHEETERST
B 2HRT 5 EANTE 5.
HHEETERHTEROSE —BIcHIR
Ihah, SEBEHENESE, Lirdsg
B HHE T CRE TE 5700, ToH
R E DD THBER LS.
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(3) ERELRBBT A% —vihT5ETES
T FENCEASTSHELY1o07
7F 0=~ 2 TEETEHD, $HHED
FIER XU =R ¥R E 1L, XRIE
SHBHHETHFT 2Rk, Bh<
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(4) ERERBHBT 52— vrERTS 52T
FEV=7 DAY v 7 BBOB AR, &
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FEIhB.

BT, KRELETTERDED, wET 4 7 A BER
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STUDY ON WALKING MACHINES WITHOUT
COOPERATIONAL CONTROL REQUIREMENT

Makoto KANEKO, Minoru ABE, Kazuo TANIE and Susumu TACHI

Mechanical Engineering Laboratory

Legged locomotion over irregular terrain is
composed of body propelling motion and terrain

adapting motion. Although conventional walking
machines with three active degrees of freedom (d.




o.f) for each leg can adapt their feet on irregular
ground using flexible leg freedom, such machines
generally require a tremendously complex control
scheme for the body propelling motion, because
cooperational control of leg freedoms in stance
is required for a system with several closed
kinematic chains between the body and the
ground.

To cope with this problem, a walking machine
with decoupled freedoms, described in this paper,
is based on the idea that body propelling motion
is realized by only one degree of freedom and
can be perfectly decoupled from the freedoms
for terrain adaptability. In this type walking
machine, the control system is perfectly released
from the control of closed kinematic chains.
Therefore it can be expected that the control
algorithm will become much easier than that
of conventional walking machines having three
active d.o.f. per each leg. First, the authors

discuss such walking machines and make clear .

the quadruped walking model with minimum
active d.o.f. through basic considerations of
freedoms of walking machines. Next, according
to observations of animal locomotion, a hexapod
walking machine (MELWALK) with decoupled
freedoms using an approximate straight line
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mechanism is developed in order to realize faster
and simpler walking machines than the quadruped
one. As the foot pattern of this walking ma-
chine is limited to only one pattern, other kinds
of freedoms are established to implement a body
direction changing motion and a terrain adapting
motion. Rotational freedom other than propul-
sion is added to implement the body direction
changing motion, and extension and contraction
freedom to the legs are also added to implement
the terrain adapting motion. Although more
than two active d.o.f. for each leg are desirable
for terrain adaptability, the proposed walking
machine has only one active d.o.f. for simpli-
city. Experiments are carried out to certify the
body propelling motion, terrain adapting motion
and body direction changing motion. It can be
recognized from the trajectory of LED that the
body proceeds along an approximate straight line
close to an exact one. Body direction changing
motion is implemented with relatively high

speed. Furthermore in order to check energetic
efficiency, the power consumed by DC motor
is also measured using MELWALK MARK-IL
Several features of the proposed hexapod walking
machine are revealed through these experiments.





