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Analysis on Regular Rotational Gait of a Quadruped Walking Robot

Whee Kuk Kim, Whang Cho, Byung-Ju Yi

Abstract: In this paper, the regular rotational gaits of the quadruped crawling robot are studied. It is assumed that the proposed regu-
lar rotational gaits starts from one of six support patterns in a translational gaits and end up with one of six support patterns in a trans-
lational gaits. Noting that six support patterns in a regular translational gait belong to two different groups with respect to regular
rotational gait, the static stability margin and the maximum rotational displacement during one rotational stride period for the two
representative support patterns are investigated. It is expected that the proposed regular rotational gaits will enhance the omni-

directional characteristics of the quadruped crawling robot.

Keywords: omni-directional characteristic, crawling robot, stability margin, foothold region

L Introduction

Most of design and gaits of the walking robot developed up
to now emulates the biological study results on insects or ani-
mals.[1,2,3] Crawling, pacing, trotting, galloping, running,
hopping, bouncing, etc. are types of walking observed from
the insects and animals.[2]

Walking of robots is classified as two categories such as
static walking and dynamic walking, depending on whether or
not static balance of the robot is maintained during working.
Particularly, static walking is observed from crawling of in-
sects or animals with more than four legs when they move at a
slow speed. It can be observed that in crawling, the static bal-
ance is always maintained by placing the supporting legs such
that the mass center of the moving objects is inside the convex
which is formed by connecting the foothold points.[4] When
fast walking is required, inertial effects are considered by de-
fining an active mass center.[5]

There are two different types of gaits; translational gaits and
rotational gaits.[1] In translational gaits, the robot moves for-
wards or backwards. In rotational gaits, the robot rotates its
body about its mass center. When the quadruped walking ro-
bot moves via. static walking, either the regular gaits or the
free gaits are used depending on the condition of the road.

In this study, the regular rotational gaits of the quadruped
walking robot are investigated. With this rotational gaits, only
the robot changes its support patterns without changing its
orientation of the body, by moving legs to change their foot-
hold positions. Therefore, the proposed regular rotational gaits
always end up with one of six support patterns in a regular
translational gaits.{1] Thereby, after performing this regular
rotational gaits, the quadruped walking robot can immediately
continue to perform the regular (translational) gait along the
given direction.

This paper can be summarized as follows. Firstly, the struc-
ture of the quadruped walking robot under investigation and
one type of the regular (translational) gaits of the quadruped
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walking robot which have six different support patterns are
described. Then, the regular rotational gaits corresponding to
two representative patterns out of six patterns are proposed.
Lastly, the maximum static stability margin, which is defined
as the shortest length along the moving direction from the
mass center of the robot to the line segments of the convex,
and the maximum amount of rotational displacement of the
regular rotational gaits are investigated.

II. A quadruped walking robot
Fig. 1 shows the quadruped walking robot under study.
Mass center of the robot is at the geometric center of the body.
Consider the local frame ( x y ) fixed on the body of the
robot and with its origin at the mass center of the robot as
shown in Fig. 2. Each of four legs consists of a revolute joint
which is located at a distance e from the center of the body
and two prismatic joints which move in the local x — y plane
parallel to the body plane. For simplicity, it is assumed that the
robot maintains the orientation of its body parallel to the
ground during walking. Therefore, each foothold region of
four legs of the quadruped walking robot can be represented as
a projected region to the ground which is inside a circle of
radius of R with its center at the intersection between the

ground and the first joint axis as shown in Fig. 2.
Assume that the walking robot moves along the y axis.
When the walking robot moves forward in a regular gait, the
foothold position is located along the line segment which is

Fig. 1. Quadruped walking robot.
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foothold

Fig. 2. Top view of a quadruped walking robot with eccentri-
cally located legs.

parallel to the y axis and apart from the distance Q from the x
xis. Along this line segment within a foothold region, the cor-
responding leg can be placed. Denote the length of the line
segment as E and the unreachable foothold length on which
leg can not be placed as E, , respectively, as in Fig. 2. And
denote the static stability margin of the robot as s. It can be
noted that when the robot moves in an arbitrary direction in a
regular translational gait, the robot has different magnitudes of
stride length along each direction.

Consider that the regular gait presented by Lee and Shih[1].
The consequent steps in one stride period of the robot with
stability margin s can be summarized as in Table 1. From table
1, the stride length A can be represented as

A =4A(s) + 4s 1)

and the foothold length of each leg E can be obtained as fol-
lows.

E=3A(s) + 4(s) 2)

In (1) and (2), A(s) represents the amount of forward move-
ment of the walking robot securing the stability margin of s
while one leg is off the ground.

In a regular gait, there exist six different support patterns in
one stride period. Between these patterns the robot moves the
distance of either A(s) or 2s. More specifically, starting from
the support pattern #1, with each of four legs of the walking
robot fixed on the ground at the specified foothold position, 1,
4,2, and 5, as shown n Figure 2, respectively, the body of the
walking robot moves forward the distance of 2s.

At the end of this motion, the robot reaches to the support
pattern #2 where each of four legs is at foothold position of 2,
5, 3, and 6, respectively. Note that since the foothold position
is represented with respect to the body of the walking robot,
the forward movement of the robot is reflected as the back-
ward movement of the foothold position in the Figure. Starting
from this support pattern #2, while leg #3 at foothold position
6 is lifted and placed at the foothold position 1, the body of the
robot moves forward an distance of A(s) to reach to the sup-
port pattern #3. The rest of procedures is similar. Fig. 3a)-3f)
represents the six support patterns corresponding to the ones

shown in table 1.

Table 1. Regular gait of a quadruped walking robot with static
stability margin s

Support pattern # 1 2 3 4 5 6
Leg 1 1 2 3 4 5 6
Leg?2 4 5 6 1 2 3
Leg3 5 6 1 2 3 4
Leg 4 2 3 4 |5 6 1
Body motion 2s |A A [2s [A | A
Transfer leg X 3 2 X 4 1

X : there is no leg moving (fixed to the ground)

a) pattern #1 b) pattern #

d) pattern #4 e) pattern #5 f) pattern #6
Fig. 3. Support patterns of a quadruped walking robot in regu-
lar gait.

I11. Foothold length of the quadruped robot

Note that in Fig. 3, six support patterns can be categorized
into two different groups noting that some of them are only the
mirror images or symmetric images one another: that is, sup-
port patterns 1,2,4, and 5 belong to one group and support
patterns 3, and 6 belong to the other group. Therefore, the
results obtained from the investigation on one support pattern
from each of two groups can be applied similarly to the other
support pattern that belongs to the same group.

In this section, support pattern I and support pattern 6 are
selected as representative support patterns for those two
groups and their regular rotational gaits are proposed. And the
maximum rotational angular displacement ( A8 max ) and
maximum stability margin( s, ) for those two different sup-
port patterns are examined. For fixed E + E, but varying E, ,
the maximum stability margin and the maximum rotational
angular displacement are studied. And the maximum stability
margin smax for given values of Q, E, E, is obtained. Note
that rotational gaits suggested in the paper are based on the
assumption that it starts from one of six support pattern of
regular gaits and at the end of the rotational gaits foothold
position reaches one of six support patterns so that regular
gaits could be performed immediately without going through
any intermediate step. Thus, the robot can enter into the rota-
tional gaits from any foothold support pattern during the cycle
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of the translational gait. However, to change from the rota-
tional gait to translational gait, its corresponding rotational
gait cycle under operation should be completed.

Now, consider the support pattern 6. The regular rota-
tional gaits is shown in Fig. 4a). Particularly, maximum stabil-
ity margin “max can be obtained by considering the case that
the robot rotates in an infinitesimal angular displacement as
follows. In Fig. 4a), the equation of line P,P; can be repre-
sented as

2Eo+5A4+6s A
y=2T T+ St 3)
20 2

It can be noted that the radius of an osculating circle with
this line represents the maximum stability margin Smax.
Therefore, the maximum stability margin Smax can be ob-

tained as follow;

4s* —4(6Eo + 5E)s* + {3207 +

)
(6Eo+ 5E)? }s? —4EQ’s— E°Q? =0

Fig. 4a) and Fig. 4b) shows the order of movement of legs
and the actual foothold positions during a regular rotational
gait of the robot for a rotational of A&, respectively. More
specifically, the rotational gait starts from support pattern 6
(foothold positions of legs are 6 for leg #1, 3 for leg #2, 4 for
leg #3, and 1 for leg #4) of the translational gaits and ends in
the same support pattern 6 of translational gait as shown in
Figure 4 where the new foothold position is marked by the
arrow with the appropriate order number.

The robot begins to rotate from the support pattern 6 with
E, # 0and maintains the given stability margin during the
rotation. Once “max is found from eq. (4) for given E and
E, , using the condition that every foothold position should be
located within the circle of radius of R with its center at the
mass center of the robot, A@ max can be expressed as below
from Fig. 4b):

A00x =atan(y—'3) + atan(g) %)
X3 o

where

_ 2,2 2,022
V3= ab+\/a b (]-l;a b =r) ©
I+a

Yy =axi+b, @)

r=y0?+E%, . (8)

And when the line P,P; represents the line osculating
with the circle of radius of s with its origin at the mass center
of the robot, @ and b represent the slope and intersection point
of the line P,Pj, respectively, and they can be obtained as
follows:

Tk o (9)

*

X
b=~*—x4+y4, (10)
y
- %x +SJszxg_(y5+x§)(s2_x5) (11
y = 2 o2 )
X4 +yy
2_.2
X4
g (e
*SARCQEo2An2) IoE BN |
. - ’ B
' % V\ps(Q?:-EO) | MR-
B N B
. ‘2 B(-Q, -Eo 2A28) " j/ /

a) b)
Fig. 4. Minimum rotation steps from support pattern# 6 in
clockwise rotation(for E+E,=5)
a) rotational gait steps  b) Rotated support pattern

Now, consider the support pattern I. Fig. 5a) and 5b)
shows the order of movement and actual foothold positions of
the four legs of the robot for a rotation of A6 , respectively.
At start, the robot is assumed to be at support pattern I but
ends up with support pattern 4 and E, # 0 after rotational
motion. It is also assumed that the robot maintains the given
stability margin during rotational motion. It can be seen from
Fig. 5(a) and 5(b) that the maximum stability margin equals to
the maximum radius of the circle which has its origin at the
mass center of the robot and osculates with the line Q;Q; .
The maximum radius of the circle can be obtained as

d= & , (13)
J(E, +34+3s) +0°
where the equation of the line Q;Qg is
E,+34+3
y=—o Tl mar (14)

o

It can be noted that from (13), the stability margin of the
support pattern I is smaller than that of the support pattern 6.
On the other hand, note that the equation representing the
osculating line with the circle of radius of d with its origin at
the mass center of the robot and passing through the point
Os(x5,V5) canbe expressed as

y=ax+b (15)

where



150 ICASE: The Institute of Control, Automation, and Systems Engineers, KOREA Vol. 4, No. 2, June, 2002

X
a=-— (16)

y
b=x—*x6 +y6’ (17)

y
y*_d%td\/dzyé ~Ghr)d =)
%+ ’
o d’=y"

= Y Vs (19)

X6

As shown in Fig. 5b), the point 0, rotates along the cir-
cular path trajectory with its radius of r about the mass
center and it can rotate to the point (, (x; , ¥, ). The ro-
tated angular displacement represents the maximum angular
displacement. The position of the point J, can be obtained
as follows:

¢ —ab+y(ab) —(1+d (b7 ~r)

2= (1+d°) 20
y2,=ax2'+b, @n

where
r=\/Q2+(E0+A+2s)2 22)

And the obtained maximum angular displacement A46,,,, is

’

+A+2s
A8, = atan(y—z,)—atan(Eo—) (23)
X Q
Q6<;Q.E0‘A‘2s>-—Q%£°\é?A+4S)
N T
. by g
P Qs Qﬂ,
) /r/ﬁQ,E‘:A+2s) /

=S 1) o
. +

P \ .
3 - +2 \,’
. o ¢

Qs(-Q.-E0-3A-25) .

a) b)
Fig. 5. Minimum rotation steps from support pattern # 1 in
clockwise rotation(for E+ E, =5 ).
a) rotational gait steps, b) Rotated support pattern.

Fig. 6a) and 6b), respectively, represents the maximum
stability margin and maximum angular displacement when
E, is varied for fixed values of Q=35 and E+E, =35
from the support pattern 6 and 1, respectively. It can be
confirmed from Fig. 6a) that when the value of E+ E, is
fixed, so is the stability margin. But as the value of E,
increases, the maximum angular displacement is decreased.
However, for the case of Fig. 6b), both the maximum stability

the case of Fig. 6b), both the maximum stability margin and
maximum angular displacement are related to the value of
Eo- Therefore, contour plot are drawn to represent this rela-
tionship. From these plots, it can be confirmed that for the
case of the support pattern 6 , as the value'of E, increases,
the value of both s,,,. and 46, .. decrease. Also it can
be confirmed that for the case of the support pattern 1, as the
value of E increases, the value of s max decreases but the
value of A8, .. increases.

Del:a Theta [degree]

Fig.6. A8 Plotsfor Q=5, E+E, =5.
a) Spaes A0 plot of Support Pattern 6,
b) 46, contour plot of Support Pattern 1 wrt.
Smax and E,.
IV. Foothold length Eand E,

In this section, when the location of the first joint axis of
each of four legs is placed at a distance e from the mass
center of the robot and the value of @ is varied, the magni-
tudes of foothold lengths E and E, are investigated.
Fig. 2 represents the projection of the foothold region of each
of four legs of the quadruped walking robot to the ground. In
the figure, the foothold region of each of four legs is repre-
sented as the circle J, 2, 3, and 4 as shown in Fig 2.

Fig. 2 represents the robot rotating & about the z axis.
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Denote two lines parallel with the local y axis of the body
frame and dislocated an amount of ) from the same axis as
[; and [, , respectively. The equation of the two lines can
be expressed as, respectively,

E.'y=mx+cl 24)
E:y=mx+cz (25)
where
m=—tan(90° -6 ), (26)
¢; = Qsinf+ QcosOtan(90° —6) @27
¢y =—c;. 28)

Also, denote the intersection point between the local
x axis and line /; and line /, as P and P', respec-
tively. Then the coordinate of those two points can be ex-
pressed as (Qcos8 , Qsin@) and (—Qcosh ,—Osinb),
respectively. .

On the other hand, the intersection point (x ,y ) be-
tween the line (y=mx+c ) and the circle of radius R
and with its origin at (@, b), can be found as

5 = (mc—mb—a)i

1+m’ 29)
J(mc—mb—a)z{a2+(b—c)2-rz}
I1+m?
v =mx"+ec. (30)

_ The intersection between the circles 1,2,3,4 and the lines
/; and [, can be found by inserting the corresponding
values to the center of the circle (a,b) and the slope and
the intersection of the line (m, ¢ ) to (29) and (30). That is, the
value for (a,b) tothecircles 1,2,34 is (0,e), (—e0),
(0—e), (e0), and the slope and the intersection of lines
{yand [, is (m, ¢;) and (m, c, ), respectively.

Noting that the quadruped walking robot is symmetric with
respect to the mass center of the robot, the complete character-
istics on the magnitude of the stride length of the robot at an
arbitrary orientation can be represented by examining the
range of 6 within 0° <@ < 90°. Fig. 7 and Fig. 8 show
two different values of foothold length E 's that the walking
robot could have after the certain amount of rotational motion
of the walking robot ( A9 < 45° and 45° < 40 < 90°) is
conducted via. regular rotational gaits. Note that in this sup-
port patterns the legs are ready to move forward with an angle
of AB6° with respect to the body orientation of the walking
robot. First, the range of A# < 45° is considered. As it can
be seen from Fig. 7a) and 7b), there exist two cases: the point
P is within the foothold region of the leg 1, and the point
P is out of reachable foothold region of leg /. Two inter-
section points between the line /; and circle / is denoted
as M and M ), respectively, the coordinates of these two
points can be found as

M =T"a=mY —Zm i
I+m
Jimg-meP —(1enl e PRy
1+m2
M, =mM, +c;. (32)

In eqn. (31), the sign of the second term distinguishes the
x coordinates of M; and M ;. Denote one of intersec-
tions between line /, and circle / as N(N, ,N ), as
in Fig. 7a).

Then the coordinates of the point is written as

N Tlmerte),

I+m (33)
\/(mc2+e)2—(1+m2)(ez+622—R2)
I+m®
N,=mN, +c, (34)

Therefore, noting that the distance d between the center of
the circle /(0,e) and the point P(P,, P, ) canbe written

as d=\’P);2+(e—Py)2 , the foothold length E and

E, inFig. 7a) can be expressed as

E= (My=N P +(Mpy =N,/ =207 ()

Ey=(Pe=M ) +(P, =M, > (36)

Likewise, £ and £, inFig. 7b) can be written as

By = {(P= My P 4(B, =M, 37

E,=0. (38)

.
-\ Circle 1

Circle 2 Q(

1
Circle 4

Circle 3
~

a) b)
Fig.7. E and E, Plotfor A0>45°.
a) PgCircle 1,b) PcCircle 1.

Circle 3

On the other hand, when the range of rotational angle is
within A46)45° , two cases shown in Fig. 8a) and 8b) should
be considered. By following the similar procedure, the value
of Eand E, corresponding to these cases can be found:
that is, for the case of Fig. 8a),
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E=|(P=My P +(P,=M3, 2. (9)
E,=0, (40)

and for the case of Fig. 8b),

E=J(L=S P +(L,=S,7 -(207 @D
E,=(Pe=L ) +(P,~L, ) | @)
where
L, =iﬂ@+
I+m @3)
J(me,—e) —(14m? )(& +c; = R?)
l+m2
Lx =mLx+01 (44)
s, =w+
I+m )
Jm(ev e P —(14m)f(e+c, P —R)
1+m2
S, =mS, +c; )

S
Circle 1

Circle 3 '

N

a) b)
Fig.8. Eand E, Plotfor 40 >45°.
a) Pc< Circle 4,v) PqCircle 4.

From the above analysis it can be seen that the rotation of
the quadruped robot is influenced by factors such as £, E,,
and E + E, . Fig. 9a)-c) represent the magnitudes of these
factors for the arbitrary orientation of the robot. It can be seen
from Fig. 9c) that the value of E+ E, reduces linearly
around when 6 = 45",

Fig. 10 represents the maximum stability margin and the
magnitude of foothold lengths £ and E,, when O=135,
R=7,and §=0° for the variation of the magnitude of
€ . It can be seen that from this plot, when e= 4.9, the
robot has the maximum stability margin and maximum foot-
hold length. Fig. 11 a) - 11 d) show the magnitude of the
maximum stability margin and the magnitude of foothold
length E and E, for the case of =5, R=7, and

WA eanee praseeees bz e O S beczi ] P feeeeees

Theta
c)
Fig.9. E vs. & Plot.
a) E,b) E,,c) E+E,.

varied values of € (i.e. e=0,2,4,6). From these plots, as
the magnitude of € increases, so does the magnitude of
E . However, the maximum stability margin does not show
significant changes in its magnitude. Also, as can be seen from
Fig. 10, around the region of e< 4.9 the value of E; is
always 0, but from Fig. 10 and Fig. 11d), around the region
of e>4.9, the value of E, has its maximum particularly
around region of @ being 0°and 90° and as the magni-
tude of € increases, the region of E, # (0 is expanded ac-
cordingly. As shown in Fig. 11d), since the value of E, is
not always 0, the maximum stability margin and maximum
rotational angle should be carefully investigated.

Fig. 10. £ and E, , s Plot w.r.t. the variation e

max

for O=5, R=7,and 8=0".

Theta0

a)
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Theta0
d)

Fig.11. E, E;, $,, Plotwrt 6.
a) e=0,b) e=2,c) e=4,d) e=6.

V. Omni-directional gaits of the quadruped walking
robot

First, consider the case when the robot is in support pattern
6 as shown in Fig. 12. In this case, the robot rotates either to
clockwise direction or to counter clockwise direction. Note
that rotational motions and its characteristics to those two
directions are symmetric each other. Therefore, only one
direction needs to be considered.

The equations of lines P4P3' and P2P5' can be written as,
respectively,

y=a;x+b, 47)
y=a,x+b, (48)
where
a; = (3= y /s = x,) (49)
b=y, —axx, (50)
ay =(ys =y )/(x5=x;) (S
by =y,—ayx, (52)

The equations which is necessary to find the osculating
point between either of two lines and the circles with its radius
of §... and with its origin at the mass center of the robot
can be found as, respectively,

x2+(a1x+b1)2—sjm =0 (53)

(I+a)x’ + 2abx+b —s2, =0 (54)
7 7 max

Noting that either the cases which does not exist osculating
points or the cases which exist only one osculating point im-
plies that the robot is capable of rotating from the current ori-
entation by certain amount of rotation angle, say, A8 ,this con-
dition can be expressed by the following two equations:

Dy =(ab) = (1+a] )(b] =55, ) <0, (55)

D, =(azhy)’ —(1+ a3 )(b; — 51 ) S 0, (56)

From Fig. 10b), it can be noted that the coordinates of the
point P;(x;,y;) and the point P(xs,y5) can be written
as, respectively,

x'3 =r, cos(0; — AG), (7

Yy ==, sin(6; — 46), (58)

x5 = —r, cos(0; + AB), (59)

ys =—r, sin(8; + 40), (60)

where

n= \/QZTE ©h

0;=a tan(EQ”—), (62)

vy =Q +(E, +24 +25,, )7, (63)

fffff

5 (-Q,-Eo-!ﬁﬁ.—’;s)x
Y

~ 1

a) b)
Fig. 12. Minimum rotation steps from support pattern # 6
in clockwise rotation.
a) Rotational gait steps, b) Rotated support pattern.

Now, consider the case that the quadruped robot is in sup-
port pattern 1. the slope @ and the intersection point b of
the line which pass through the point (s and
QZ(QZX,QZy) shown in Fig. 13b) can be expressed as

a= _QVZ_)’_—_Q‘S«"_’ (65)
QZX —aQ6x
b= Q6y—aQ6x’ (66)
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where

E;+A,+23

Q;x =rcos(atan( )+ A48), (67)

, E,+A +2
Q,, =rsin(a tan(—o—————s)+A9). (68)

r=yO° +(Ey+ 4 +25s), (69)

where and E,; and A represents the foothold length and
stride length of the robot, respectively, when it is in orientation
angle of A@ . And the condition that the circle of radius of
stability margin( d ) obtained from (14) and the line
op Qz do not intersect or has one osculating line can be ex-
pressed as

D=(ab)y —(1+a’ }(b’—d?)<0 (70)

When this condition is satisfied the robot is capable of rotating
46 .

----- - (QEo+3AHs) . 5
. Q - -

P LT
Q-Eo-3A-35)

______

Fig. 13. Minimum rotation steps from support pattern # 1 in
clockwise rotation.
a) shifting gait steps, b) Rotated support rattern.

Fig. 14a) represents what amount of angles the robot is ca-
pable of rotating in clockwise direction when the robot is in
arbitrary orientation but in support pattern 6 , while maintain-
ing the stability margin obtained in (4). The reason that the
rapid change in magnitude of maximum rotational displace-
ment around 7/° in the Fig. 14a) is found that in that region
the change in value of E, allows maximum rotation while
not effecting the stability margin too much. Again, as ad-
dressed in the above, it can be confirmed that the quadruped
walking robot represents symmetric characteristics on every
90° interval due to its symmetric configuration. Fig. 14b)
shows the maximum rotational displacement of the robot
when it rotates in clockwise direction from the support patter
! and from the arbitrary orientation, but without affecting the
stability margin d obtained in eqn. (14). For the case of
support pattern 7, the value of s can be varied from 0 to
E/4 . Particularly, the case of O=5, R=7 and e=6,
that is, which shows the minimum value s, in Fig. 11d), is
considered. It can be confirmed that comparing with the sup-
port pattern 6, the magnitude of stability margin is re-
duced(d < s,,,,) the magnitude of rotational displacement

is increased relatively, on the contrary. In case that the quadru-
ped walking robot, which is in support pattern /, rotates in
counter clockwise direction, the similar method can be applied
therefore, in this paper its detailed procedure is not discussed.

-20

Delta Theta

[ )
3]

I
S

-80 -60 -40 -2 g8 20 40 60 80
Theta0

Delta Theta

oLt : ; j j j 3 i :
-80 -60 -40 220 0 20 40 60 80
ThetaQ
b)
Fig. 14. A8, vs. A8 Plot in clockwise rotation of

a) Support pattern # 6, b) Support pattern  # 1.

V1. Conclusion

In this paper, the regular rotational gaits of the quadruped
walking robot is investigated. Each of four legs of the quadru-
ped walking robot consists of three RPP type joints and its
body fixed revolute joint is located the distance e from the
mass center of the robot. The contributions and results from
this study can be summarized as below:

1) The regular rotational gaits for the quadruped walking
robot is proposed. The rotational gait starts in one of six sup-
port patterns of the regular translational gaits[1] and ends in
one of six support patterns of the regular translational gait.
Thus, transitional step between rotational gait and translational
gait do not exist. Also, note that the orientation of the robot is
not changed even after performing the proposed regular rota-
tional gaits: only foothold positions of the robot may be
changed.

2) Two representative support patterns out of six support
patterns in regular translational gaits of the robot are consid-
ered. The effects of O, EFand £, to the maximum stabil-
ity margin §,, and maximum rotational displacement
AB,,,, for these two support patterns are throughly investi-
gated. Particularly, when the larger angular change of the ro-
bot than the allowed maximum rotational displacement of the
robot is required, it can be accomplished by sequentially per-
forming regular rotational gaits until the desired rotation is
completed.

It can be noted from this study that the quadruped walking
robot has non-isotropic characteristics. Thus, the walking ro-
bot needs to be oriented properly through the proposed rota-
tional gait so that the robot has the largest stride length to
move at highest speed as possible. Currently, the dynamic
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stability of the robot in addition to the static stability is now
under study.
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