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METHOD AND SYSTEM FOR ENABLING
BI-PEDAL LOCOMOTION

antero-posterior angular joint. The left hip lateral angular
joint enabling lateral angular motion of the left leg. The left

hip antero -posterior angular joint enabling antero -posterior
angular motion of the left leg. The right foot is coupled at the
distal end of the right leg via a right ankle lateral angular j oint.

This application claims bene?t of US. Ser. No. 61/074,
453, ?led 20 Jun. 2008 and Which application is incorporated
herein by reference. To the extent appropriate, a claim of
priority is made to the above disclosed application.

The left foot is coupled at the distal end of the left leg via a left

ankle lateral angular joint. One end of the right foot cable is
coupled With the exterior side of the right foot. One end of the
left foot cable is coupled With the exterior side of the left foot.
The pelvis motor is coupled With the right leg, the left leg, the
other end of the right cable and With the other end of the left
cable. The pelvis motor produces mechanical motion for gen

FIELD OF THE DISCLOSED TECHNIQUE

The disclosed technique relates to mechanical bi-pedal
locomotion, in general, and to methods and systems for

erating lateral angular displacement of the right leg and of the
left leg about the right hip lateral angular joint and the left hip
lateral angular joint respectively. The pelvis motor further

enabling a mechanical bi-pedal robot to Walk in a poWer

e?icient manner, in particular.

pulls one of the left cable and the right cable according to the

BACKGROUND

direction of the lateral angular displacement. The right leg
motor is coupled With the right hip antero-posterior angular

Bi-pedal humanoid robots are knoWn in the art. The bi

joint for generating antero-posterior angular displacement of

pedal robots employ several methods for achieving ambula
tory locomotion. One example of a method for achieving

20

the right leg. The left leg motor is coupled With the left hip

bi-pedal ambulatory locomotion is static Walking. Static

antero-posterior angular joint for generating antero -posterior

Walking describes a method in Which the center of mass of the

angular displacement of the left leg. The poWer source pro
vides is coupled With to the pelvis motor, the right leg motor
and the left leg motor and provides poWer thereto.

robot is alWays kept directly above a sole of the robot Which

is currently touching the ground, thus the robot is alWays
stable. The static Walking method requires a processor poW

25

erful enough to calculate the centre of mass of the robot at
every instant in time.

BRIEF DESCRIPTION OF THE DRAWINGS

Another example of a method for achieving bi-pedal ambu
latory locomotion is static Walking is dynamic Walking. In the

The disclosed technique Will be understood and appreci
ated more fully from the folloWing detailed description taken
in conjunction With the draWings in Which:

dynamic Walking method the center of mass of the robot is

30

FIG. 1 is a schematic illustration of a system for controlling

situated outside the sole of the robot, currently touching the
ground. The posture of the robot is restored by greatly accel
erating a fulcrum in the direction in Which the robot has fallen
doWn While the robot is Walking. US. Pat. No. 6,583,595 B1
issued to Hattori et al., and entitled “Robot and Joint Device

a bi-pedal robot, constructed and operative in accordance
With an embodiment of the disclosed technique;
FIG. 2A is a schematic illustration of a front vieW of a
35

bi-pedal locomotive robot, constructed and operative in
accordance With another embodiment of the disclosed tech

for the Same”, is directed to a humanoid robot. The robot
includes tWo arms, a head, tWo legs for moving the humanoid
robot, and a trunk. The trunk is coupled With the arms the head

nique;

and legs. Each of the legs includes a hip joint yaW axis and its

bi-pedal locomotive robot of FIG. 2A, When a left leg thereof
is lifted off the ground in the left direction;

respective actuator, a hip joint pitch axis and its respective

FIG. 2B is a schematic illustration of a front vieW of the
40

actuator, a hip joint roll axis and its respective actuator, a knee

FIG. 2C is a schematic illustration of a side vieW of the

joint pitch axis and its respective actuator, an ankle joint pitch

bi-pedal locomotive robot of FIG. 2A, With the left leg thereof
lifted off the ground and positioned anteriorly to a pelvis

axis and its respective actuator, an ankle joint roll axis and its
respective actuator, a foot, and a main control section. In
accordance With, for example, user commands, the main con

thereof;
45

point path, and the movement of the trunk. Then, the main
control section sends commands for moving the above-de
scribed parts of the robot in accordance With the aforemen

tioned setting.

FIG. 2D is a schematic illustration of a front vieW of the

bi-pedal locomotive robot of FIG. 2A, With a right leg thereof
lifted off the ground in the right direction;

trol section sets the movements of the legs, a Zero moment

FIG. 2E is a schematic illustration of a side vieW of the
50

bi-pedal locomotive robot of FIG. 2A, With the left leg thereof
lifted off the ground and positioned posteriorly to the pelvis

thereof;
SUMMARY OF THE PRESENT DISCLOSED

FIG. 3 is a schematic illustration of a cross section side

vieW of a bi-pedal locomotive robot, constructed and opera

TECHNIQUE

tive in accordance With a further embodiment of the disclosed

It is an object of the disclosed technique to provide a novel

55

technique;

method and system for enabling Bi-pedal locomotion. In

FIG. 4 is a schematic illustration of a rear vieW of the

accordance With the disclosed technique, there is thus pro
vided a Walking bi-pedal robot. The robot comprises a pelvis,
a right leg, a left leg, a left foot, a right foot, a left foot cable,
a right foot cable, a pelvis motor, a right leg motor, a left leg
motor and a poWer source. The right leg is coupled With the

bi-pedal locomotive robot of FIG. 3, in Which the right side is
an external vieW and the left side is a vieW of the internal parts,
60

constructed and operative in accordance With another
embodiment of the disclosed technique;
FIG. 5 is a schematic illustration of an external side vieW of

pelvis via a right hip lateral angular joint and via a right hip

the bi-pedal locomotive robot of FIG. 3, constructed and

antero-posterior angular joint. The right hip lateral angular

operative in accordance With a further embodiment of the

joint enabling lateral angular motion of the right leg. The right

disclosed technique;

hip antero-posterior angular joint enabling antero-posterior
angular motion of the right leg. The left leg is coupled With the
pelvis via a left hip lateral angular joint and via a left hip

65

FIG. 6 is a schematic illustration of an isometric vieW of the

bi-pedal locomotive robot of FIG. 3, in Which the right side is
a vieW of the internal parts and the left side is an external vieW,

US 7,942,221 B1
3

4

constructed and operative in accordance With another
embodiment of the disclosed technique;

and backWard direction. The second motor rotates the right
leg in the forWard and backWard direction. The third motor

FIG. 7 is a schematic illustration of a rear vieW of the

rotates both the left leg and the right leg in the lateral direction

bi-pedal locomotive robot of FIG. 3, in Which the right side is

(i.e., the left and right direction). Furthermore, When the

a vieW of the internal parts and the left side is a cross section

system according to the disclosed technique shifts the center

vieW, constructed and operative in accordance With a further
embodiment of the disclosed technique;

of mass of the robot to the left leg thereof, the third motor
pulls on a cable connected to the side of the left foot, thereby

FIG. 8 is a schematic illustration of a front vieW of the

ensuring that the entirety of the bottom of left foot remains in
contact With the ground (i.e., parallel to the ground). Simi
larly, When the system according to the disclosed technique
shifts the center of mass of the robot to the right leg thereof,

bi-pedal locomotive robot of FIG. 3, in Which the right side is
a vieW of the internal parts and the left side is an external vieW,

constructed and operative in accordance With another
embodiment of the disclosed technique;

the third motor pulls on a cable connected to the side of the

FIG. 9 is a schematic illustration of a side vieW of the

right foot, thereby ensuring that the entirety of the bottom of
right foot remains on the ground.

bi-pedal locomotive robot of FIG. 3, in Which the leg is in a
cross section vieW, constructed and operative in accordance
With a further embodiment of the disclosed technique;

Reference is noW made to FIG. 1, Which is a schematic

FIG. 10 is a schematic illustration of a front vieW of the

bi-pedal locomotive robot of FIG. 3, in Which the legs are in
a cross section vieW and the torso and head are in an external

vieW, constructed and operative in accordance With another
embodiment of the disclosed technique;

20

joint (LHL) 108L, a Right Hip Lateral joint (RHL) 108R, a
left foot 110L, a right foot 110R, a left cable 112L, a right
cable 112R, a left leg motor 114L, a right leg motor 114R, a

FIG. 11 is a schematic illustration of a front vieW of the

bi-pedal locomotive robot of FIG. 3, in Which the left leg and
left arm are in an external vieW and the rest of the body is in
a cross section vieW, constructed and operative in accordance

Left Hip Antero-posterior joint (LHA) 116L, a Right Hip
25

Antero-posterior joint (RHA) 116R, a Left Knee Antero

posterior joint (LKA) 118L, and a Right Knee Antero-poste
rior joint (RKA) 118R. PoWer supply and controller module

With a further embodiment of the disclosed technique;
FIG. 12 is a schematic illustration of a cross section of a

side vieW of the bi-pedal locomotive robot of FIG. 3, con
structed and operative in accordance With another embodi
ment of the disclosed technique; and

illustration of a system for controlling a bi-pedal robot, gen
erally referenced 100, constructed and operative in accor
dance With an embodiment of the disclosed technique. Sys
tem 100 includes a poWer supply and controller module 102,
a pelvis motor 104, a transmission box 106, a Left Hip Lateral

102 includes poWer supply 122 and controller 120.
Both PoWer supply and controller module 102 are coupled
30

With pelvis motor 104, left leg motor 114L, and With right leg
motor 114R. Transmission box 106 is coupled With pelvis
motor 104, LHL 108L, RHL 108R. Transmission box 106 is
further coupled With left foot 110L and right foot 110R, via

FIG. 13 is a schematic illustration of a cross section of an

isometric vieW of a pelvis of the bi-pedal locomotive robot of
FIG. 3, constructed and operative in accordance With a further
embodiment of the disclosed technique.

left cable 112L and right cable 112R, respectively. Left leg
35

motor 114L is coupled With LHA 116L and With LKA 118L.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Right leg motor is 114R is coupled With RHA 116R and With

The disclosed technique overcomes the disadvantages of
the prior art by providing a system for controlling a bi-pedal
robot. When the robot makes a step With the left leg (i.e., the
left leg moves forWard), the robot laterally rotates (i.e., per
pendicular to the forWard direction) a left leg and a right leg
thereof, in the left direction, such that the center of mass of the
robot shifts to the right leg and the left leg is lifted off the
ground. The robot rotates the left leg forWard. The robot then
rotates the right leg and the left leg back in the right direction
until the left foot touches the ground. The robot continues to
rotate the right and left leg in the right direction until, the
center of mass shifts to the left leg, and the right leg is lifted

motor 114R produces a mechanical motion. Each of pelvis
motor 104, left leg motor 114L, and right leg motor 114R can
be in form of a rotary electromechanical motor, linear elec

RKA 118R.

Each of pelvis motor 104, left leg motor 114L, and right leg
40

tromechanical motor, hydraulic actuator, pneumatic actuator,
and the like. PoWer supply 122 supplies poWer to pelvis motor
104, left leg motor 114L and to right leg motor 114R.
45

50

off the ground. The robot repeats these actions, reversing the
role of the left leg With that of the right leg and the direction

other leg. The ‘stepping period’ refers herein to the time
period of making a step With the one leg and then making a
step With the other leg. When the robot is stabiliZed on the left
foot thereof (i.e., the center of mass of the robot is positioned
above the left foot), the left leg is not perpendicular to the
ground (i.e., the left leg is inclined With respect to the normal
to the ground). HoWever, the left foot remains on the ground.
Similarly, When the robot is stabiliZed on the right foot

parts, such as gears, bearings, shafts, belts, pulleys, and the
55

like. Pelvis motor 104 generates mechanical motion. Trans
mission box 106 transmits this motion to LHL 108L, RHL

108R, left cable 112L, and right cable 112R. LHL 108L and
RHL 108R are joints Which enable lateral angular displace

ment (i.e., each joint enables sideWays rotation motion). LHA
116L and RHA 116R are joints Which enable antero-posterior
60

(i.e., forWard-backWard) angular displacement. LKA 118L
and RKA 118R are joints Which also enable antero-posterior
angular displacement. Left leg motor 114L moves both LHA
116L and LKA 118L. Right leg motor 114R moves (i.e.,
provides mechanical motion) both RHA 116R and RKA

thereof, the right leg is not perpendicular to the ground. HoW
ever, the right foot remains on the ground.

depending on the type of pelvis motor 104, left leg motor
114L, and right leg motor 114R. Controller 120 is in the form
of a logical device (e.g., semiconductor processor, program
mable logical device), Which controls pelvis motor 104, left
leg motor 114L, and right leg motor 114R.
Transmission box 106 includes a plurality of mechanical

of lateral rotation.

The term ‘stepping cycle’ refers herein to the cycle of
making a step With the one leg and then making a step With the

PoWer supply 122 can be in the form of an electrical poWer
source, hydraulic poWer source, or a pneumatic poWer source,

65

118R.

The system according to the disclosed technique employs

Reference is noW made to FIGS. 2A, 2B, 2C, 2D, and 2E

three motors. The ?rst motor rotates the left leg in the forWard

Which are schematic illustrations of a bi-pedal locomotive

