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1. Outline of the research
1.1 Background

Underwater vehicles have been extensively applied to underwater intervention
missions instead of human in recent years, such as underwater search-and-rescue,
pipeline inspection, deep ocean exploration, seabottom terrain mapping, object recovery
and seafloor soil sampling. According to different applications, the underwater vehicles
have been designed and developed with different mechanical structure, shape, size and
equipment. As the crucial equipment of the underwater vehicles, underwater
manipulators typically play an important role in the underwater tasks. Generally, the
manipulators are operated manually by human with ROVs (remotely operated vehicles).
However, a ROV equipped with a rigid multi-link arm requires a depot ship for the
operations and the tether connected to the depot ship also restricts its positioning and
manipulation performance. On the contrary, AUVs (autonomous underwater vehicles)
do not require the depot ship and the tether. Thus, AUVs can achieve a better
positioning performance and a higher flexibility than ROVs. Generally, underwater
vehicles need to be shipped to the operation waters and recycled after underwater tasks.
Compared with the autonomous underwater robots, autonomous amphibious robots can
walk from the ground to the water without manpower, and vice versa.

Nowadays, only few autonomous underwater robots are equipped with the
underwater manipulators. Most of these robots are relying on the multi-link arms to
implement underwater missions. As a traditional manipulation system, the multi-link
arm 1s appropriate for heavy-type work and continuous manipulation. However,

underwater mechanical arms are commonly enormous and they are mounted on a free



floating vehicle platform. The weightlessness of a vehicle underwater is similar to that
in space. During the underwater manipulation tasks, the underwater vehicle has to
overcome the reaction from the mechanical arm in order to keep it in its position.
Furthermore, considering the nonlinear and hydrodynamic coupling between the
underwater vehicle and the mechanical arm, developing a control scheme is required to
compensate for the movement of the vehicle induced by the movement of the arm, which
increases the complexity of the control system. To overcome these difficulties, using a
small, deployable and highly maneuverable ROV as the manipulator shows a better
performance.

1.2 Research approach

The objective of my research is to present a novel father-son robotic system for
underwater intervention missions. In this system, an amphibious spherical robot is
designed and developed as the father robot, which has three actuating modes. Two
kinds of smart actuator-based biomimetic microrobots are developed as the son robots of
the father-son robotic system, which are mounted on the plastic plate in the lower
hemisphere of the father robot to be used as the manipulators of the father robot.

1) To adapt to the complex underwater environments, an amphibious spherical father
robot was developed with three actuating modes: quadruped walking mode,
roller-skating mode and water-jet propulsion mode. To improve the walking stability, a
closed-loop control method was employed to control the stability of the direction of
movement.

2) To implement the underwater missions, two kinds of biomimetic son microrobots
driven by smart actuators were developed as the manipulators of the father-son robotic
system. Additionally, the launching and recovery mechanisms of the manipulators were
designed.

3) To realize the communication between the father robot and the wireless son robot,

a blue LED-based underwater optical communication system was designed.

2. Research results
2.1 Development of an amphibious spherical robot with three actuating modes

To adapt to various complex environments, on land and underwater, an amphibious
spherical father robot was designed and developed with three actuating modes:
quadruped walking mode, roller-skating mode and water-jet propulsion mode. The
amphibious robot consists of a sealed transparent upper hemispheroid, two transparent
quarter spherical shells that can be opened, a plastic plate for carrying the son robots,

and four actuating units installed with four passive wheels. The diameter of the upper



and lower hemisphere is 234 mm and 250 mm respectively. The robot is able to
negotiate a variety of terrains. A closed-loop control system was developed to control the
stability of moving direction during the walking motion. The robot can move from the
ground to the water and realize surge, heave and yaw motions underwater.
2.2 Development of a biomimetic cable son microrobot used as the manipulator of the
father-son robot system

An ICPF (onic conducting polymer film) actuator-based cable son robot was
developed as the manipulator of the father robot, which was controlled by the father
robot by the signal cables. Two ICPF actuators in front of the robot were used to mimic
the claw of the crayfish for grasping object. Two photodiodes were mounted in front of
the microrobot to implement the blue LED tracking motion for microrobot recovery.
2.8 Development of a biomimetic cableless son microrobot used as the manipulator of
the father-son robot system

An ICPF actuator-based cableless son robot was designed and developed as the
manipulator of the father robot for recovering objects at the bottom of water. A blue
LED-based underwater optical communication system was designed to implement the
underwater communication between the father robot and the son robot. A new
communication protocol was proposed for the father robot to remotely control the
motion of the son robot. With the fixture mechanism and the LED tracking mechanism,

the father robot can send out and receive the manipulator.

3. Conclusions and future work

In this research, firstly, we developed an amphibious spherical robot with three
actuating modes as the father robot of the father-son robotic system to adapt to various
underwater environments. The performance evaluation of the motions of the father
robot in three actuating modes was carried out. A closed-loop control system was
developed to improve the stability of moving direction during walking. To implement
the underwater mission of object recovery, two kinds of biomimetic son microrobot were
developed as the manipulators of the father-son robotic system. Additionally, the
launching and recovery mechanisms of the manipulators were designed. A blue
LED-based underwater optical communication system was designed to realize the
communication between the father robot and the wireless son robot.

In the future, we will combine the son robots with the father robot and carry out a

series of underwater manipulation tasks.
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