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Abstract of Thesis

This thesis discusses the idea of developing a new modular robot, which can achieve high freedom of
movement, couple with other robots and perform synchronized actions, for the construction of locomotive
structures in micro gravity environment.

First, a new design of cubic robot (Macrotis) using snap-through-buckling mechanisms as actuators was
proposed for achieving high freedom of movement. By installing two snap-through-buckling mechanisms on the
robot, together with other mechanisms for adjusting the directions of force output, a translational force can be
generated when the two mechanisms generate forces at the same time to the same direction; a moment about the
center of the robot can be generated when those forces are in the opposite directions. In addition, the 2 platforms
can be aligned with the horizontal level when the robot is positioned horizontally on ground in any orientation.
The robot’s movement can be controlled through suitable electronic and software design. The motions of the robot
under micro gravity was demonstrated by performing experiment on a slope, where the force component parallel
to the surface of the slope acted as the pseudo micro gravitational force. In the experiment, rolling and jumping
motions of the robot were assessed.

Second, a wireless multi-master communication platform for distributed robot systems was developed.
Cube-shaped, transparent test modules with infra-red (IR) transceivers installed at all 6 faces were produced.
Each test module is equipped with an electronic circuit for supporting wireless transmission of CAN messages via
IR, with two rules introduced to the circuit to avoid formation of deadlock loop, regardless of the formation of
modules. Messages are prioritized using unique identifiers (ID) offered to all modules. Relay of messages by
modules was promoted by modifying the ID field. A program was designed to test on the communication platform,
where the periodic LED flash of modules were to be synchronized through communication between modules. From
experiments, it is verified that communication can be established and synchronization can be achieved with 8
modules in 4 different formations. The very small deviation in absolute time difference in the flash of modules
shows that modules can be well synchronized by using the communication platform.

Third, a new cubic modular robot that consists of the actuator part of Macrotis and a magnet-equipped
body frame was considered. With the design, it is supposed that the robot is capable of performing jumping and
rolling motions in multiple directions, and coupling with other robots for forming closely packed structures. Based
on the information obtained from the distance sensors installed on all faces of the body frame for measuring the
distance between robots, and the sensor for detecting the direction of gravity, rules were set for controlling the
action of robots. With parameters of Macrotis applied and equations implemented for resolving force and torque
acting on magnets in the field, a computer simulation was conducted using Open Dynamics Engine. Through
simulation conducted with cases of different initial position and orientation on different number of robots in the
field, statistical results show that the average number of clusters formed, average number of robots included in

the largest cluster formed and the time for forming the structures increase with the number of robots in the field.
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