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1. Outline of the research

Wireless microrobots have great potential in industrial applications and medical
applications. In recent years, many kinds of microrobots have been developed to achieve
various tasks due to technical advancements in manufacturing and further progress is
expected in this field. The wireless microrobots are both safe, reliable and can be carried
deeply within the tissue of living organisms in the human body. For example, the
wireless capsule microrobot can be used to diagnose various diseases throughout the
gastrointestinal tract. The microrobot is also used in medicine to avoid unnecessary
incisions during surgical operations. Some researchers have proposed a kind of capsule
endoscope, which is swallowed by the patient to diagnose the intestinal organs of the
human body. However, this kind of robot is uncontrollable due to involuntary muscle
movements known as peristalsis. To solve this problem, many microrobots have been
developed with traditional motors and smart materials as actuators. These microrobots
look perfect in theory and design, but are more or less ineffective. There are diagnostic
problems due to the cable or wire and it is very difficult to reach a position accurately or
operate in a very narrow and deep space.

Recently, remote control of the magnetic actuated microrobot using a magnetic field
has been popular and developed due to realize external wireless energy supply.
However, further clinical application is needed in order to produce a robot that is
capable of treating disease, diagnosing intestinal problems and conducting minimal
invasive surgery. As well, the robot needs to be able to install actuating elements (e.g.

drug delivery mechanism), a camera (e.g. endoscope) and sensing elements for




achieving medical tasks. Therefore, medical safety, loading abilities and an effective
propulsive performance is extremely important and challenging. We have developed a
novel type of magnetic microrobotic systems to realize the energy supply by wireless
and flexibility movement. The microrobots with several locomotion and the

experimental results show the locomotion can be widely used in microrobot design.

2. Research results
2.1 Design of a magnetically actuated hybrid microrobot

The magnetically actuated hybrid microrobot (MAHM) has two motion mechanisms.
One is the spiral jet motion which can move by rotating the spiral propeller. The other is
fin motion which can move by vibrating the fin. The MAHM can switch between the two
motions to realize movement in various working environments. The spiral jet motion is
used when the microrobot needs precision operation and stable movement. The fin
motion is used when the high propulsive force is needed. Due to just only use one
magnet inside the MAHM, two motions can be controlled separately without any
interference. An o-ring type permanent magnet is assembled at the front end of the tube
and a bearing is assembled at the back end of the tube. Inner ring of bearing connects to
the tube and outer ring of bearing is fastened inside the body. The fin is connected to the
back end of the propeller with a bearing and a shaft. When the microrobot moves with
the spiral jet motion, the outer shell of the microrobot is not rotates, it can be reduce
damage for the intestinal wall and the fin can improve the dynamic characteristic and
reduce the shake caused by the axial traction force at the spiral jet motion.
2.2 Development and evaluation of an electromagnetic actuation system

To provide the magnetic torque to the microrobot, an electromagnetic actuation (EMA)
system which mainly consists of stationary 3 axes Helmholtz coils is proposed. It has a
simple control method, because each Helmholtz coils is independent control. The 3 axes
Helmholtz coils can produce a 3-D magnetic field vector in any direction and provide a
magnetic torque for controlling the microrobot.
2.8 Development of a novel type of magnetic microrobotic system

Based on previous researches, a magnetic microrobotic system is developed to allow a
doctor to remotely control a wireless capsule microrobot through a master device. This
causes less pain to the patients and there will be less tissue trauma. Thus reducing
hospitalization time and enhancing recovery. On the master side, the doctor views a
monitor which is produced by a CT-scan and operates the wireless microrobot to detect
or treat the disease with an unknown and dynamic environment. The control

Instructions are transmitted to the slave side. On receiving instructions, the slave



mechanisms control the wireless capsule microrobot. The monitor can also show the
data calculated from the magnetic sensor array for obtaining the real-time position of

the microrobot.

3. Conclusions and future works

In this thesis, a novel type of magnetic microrobotic system was proposed. The
contribution of our work is summarized as follows: First, a novel magnetically actuated
hybrid microrobot with screw jet motion and fin motion is proposed. Second, an
electromagnetic actuation system is proposed for realizing the flexible motion in any
direction. At last, a tele-operation control system is developed and evaluated. The
experimental results indicated that the hybrid motion can be controlled separated
without any interference. The hybrid microrobot realizes flexible motion in pipe by
adjusting the magnetic field changing direction. In future studies, the microrobot can be

fitted with devices for medical applications.
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