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ABSTRACT

This work described the design and construction of a
combination of a bio-inspired leg-wheel mobile robot
platform. A locomotion method using legs and wheels
mechanism was presented here. The insect hybrid leg-
wheel robot was built with two front legs and wheels in
the back. Each leg consists of two mechanisms which
are six-bar and four-bar linkages driven by two mo-
tors. The robot movement was propelled by the two
front legs pushed the wheel to go forward and back-
ward. The robot controller hardware used the stamp-
box by Parallax. The joint angles was measured us-
ing potentiometer and the foot sensors was the on/off
swich.

1. INTRODUCTION

In recent years, a number of development has been
done on robots having different types of locomotion
depending on the environment. The early studies has
demonstrated that the locomotion of robots can be con-
siderably improved when biological systems are com-
bined into its mechanical design.

Raibert and his team successfully built monoped,
quadraped, hopping robot by integrating the biologi-
cally inspired dynamics into their mechanical design
[1]. Roboticists at Case Western Reserve University
have also used the biological systems as a model for
building a hexapod robot, a cockroach-like robot [2],
[3]. Researchers at the Ohio State University also built
the ASV (Adaptive Suspension Vehicle) which is a six-
legged vehicle designed for sustained locomotion on
unstructured terrain [4], [5].

As the previous work has shown that legged loco-
motion is highly agile and successful in maneuvering
over a wide range of ground. Wheeled vehicles how-
ever have been developed for moving fast on smooth
surface. Researchers at Tohoku University in Japan
used the idea of combination of both leg and wheel to
develop a leg-wheel type robot for the exploration [6],
[7]. This paper also used the combination of leg-wheel
would be a good solution for the robot since it can go
fast on smooth surface by using wheels and walk on
rough terrains by using legs.
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2. BIOLOGICAL OBSERVATIONS

This work used the biologically inspired kinematics of
the insect’s legs for designing the legs. A key feature
of insect leg construction is its multisegmented nature.
Segment joints can have a single or multiple degrees of
freedom (DOF). The result is movement capability that
enables successful walking. In general, the insect has
six legs matched in pairs across the body [8]. Figure
1 shows the schematic of leg segment and the arrange-
ment on the body. Due to the simplicity of the mechan-
ical design, the two major leg segments: the femur and
tibia are used as the model.
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Fig. 1. Insect’s leg schematic

The robot in this work used the biological princi-
ples of the two front legs swing alternatively during the
walking of the insect as the inspiration for the robot de-
sign. Figure 2 also shows movement of the two front
legs during the insect walk

Front Legs Swinging of Insect Walking Pattern

stance = RF swing~ LF swing~ RF swing~ LF swing

RF = Right Front Leg
LF = Left Front Leg

Fig. 2. Insect walking



3. DESIGN

The mechanics of a robot are important for the control
mechanisms. The kinematic construction was similar
to that of an insect so that its body was suspended from
their legs. The frame design couples the degrees free-
dom to simplify the control.

controller
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Fig. 3. Robot model

The robot has two front legs that will be similar in
fuction to that of the insect’s leg shown in Figure 2
However, the robot’s legs will be kinematically simple
that the insect to simplify the mechanical design.

Fig. 4. Front view kinematic diagram of the left leg

Each front leg was designed with two degrees of
freedom (DOF). The leg arrangement will allow the
robot to navigate over rough terrains. The robot will
also have the capability for moving over large obsta-
cles and traveling more quickly with less energy.

Fig. 5. Top view kinematic diagram of the left leg

The front view movement of the leg was based on
the six-bar linkages as shown in Figure 4. This permits
the rotation of the link 6 which connected to the gear
motor to have the rotation at the joint of link 2 and link
3. The top view movement of the leg was based on
the four-bar linkages in which link 2 is the driving link
shown in Figure 5.

Fig. 6. Front view of the leg movement

Figure 6 and 7 show the movement of the two front
legs. The leg can move total of 90 degree from the top
view angle similar to the front view angle.

Fig. 7. Top view of the leg movement

The hybrid leg-wheel robot was completely con-
structed as shown in Figure 8. The robot dimensions
are approximately 14 cm long, 7cm wide(not included
the two wheels span which is 4 cm on each side), and
9 cm high.

Fig. 8. Hybrid leg-wheel robot

4. CONTROLLER HARDWARE

The controller developed for the robot front legs was
based upon a simple feed-forward design. The feed-
forward controller, programmed on a basic stampbox
by Parallax, sends signals to the SV DC gear motor
type 12GW from Teraware,Inc. in Japan to drive the
links. Two types of signal sent to the motors are the
clockwise rotation and conterclockwise rotation.
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Fig. 9. Control diagram

There are a total of four motors in the robot where
two motors installed on each leg. Wheels movement
run by the driving force of the two front legs. The
stampbox takes the feedback signals from the four joint
sensors which are potentiometers. The foot sensors are
just the on/off switch to return the foot state whether is
on or off the ground.

5. EXPERIMENT

Two experiments was tested on the robot. The first was
a simple jont excursion test which the leg runs through
a walking motion which is similar to the front legs
movement of the insect. The robot was also able to
walk over rough terrain which used the table cloth. The
robot can move with the speed of 10 cm/s as shown in
Figure 10.

Fig. 10. Hybrid leg-wheel robot walking

6. CONCLUSIONS

We have successfully constructed the bio-inspired leg-
wheel hybrid robot. The test results showed that the
robot is capable of moving over rough surface with the
speed of 10 cm/s. The legs movement was also similar
the the two front legs in the insect. In future work, we
will put more tests on the robot such as climbing up
and down the ramp, moving over obstacles.
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