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1. Background

Wireless capsule endoscopes (WCE) are favored in modern surgical procedures for
the treatment of disease in clinical surgery and examination. The patients are willing to
choose only simply swallowing a pill to do the early screening and medical examinations
without anesthesia. WCE offers a promising method for precision medicine for
minimally or non-invasive procedures in the gastrointestinal (GI) tract. Microrobots
have the potential to revolutionize many aspects of medicine. It benefits from
untethered, wirelessly controlled performance and diversified powered devices, which
will make existing therapeutic and diagnostic procedures less invasive that can cause
new procedures possible. Moreover, most traditional CEs rely on their gravity and
intestinal peristalsis to move forward passively. Generally, the time required for such a
medical procedure is about 8 hr. Further, these CEs can’t achieve active locomotion may
cause undesired effects, such as the risk factor for capsule retention. In view of the
above problems, the development of the active capsule endoscope (ACE) is required.
Among them, the magnetically manipulation ACE is a method accompanying the

invention of the ACE.

2. Challenges
1) According to the standard of US Food and Drug Administration (FDA), the size
of capsule endoscope should be less than (12mmx33mm). This puts forward a
high requirement for researchers to develop the CEs with integrate various

modules under the above size limitation.



2) In clinical application, doctors will inject a certain amount of liquid into the
intestinal tract of patients in advance, so as to fill the intestinal tract and reduce
the resistance of CEs movement. Therefore, different CEs need to be evaluated

for their different motion performance in the fluid.

3) The current CEs are lack of functional modules, meanwhile, the CEs with single
function can’t meet the requirements of the clinical surgery.
3. Research purposes and approaches
1) To develop the new type magnetic actuated microrobot with active motion ability
and propose the prototype microrobot which is based on the clinicalapplications.
2) Focus on the development and evaluation of the performance prototype
microrobot with different modules.
3) To realize high accuracy drug delivery function module of the microrobot and
focus on the multiple ACEs cooperative locomotion.
4. Research topics
Topic 1: Development of the active microrobot actuated by electromagnetic field.
Topic 2: Development and evaluation of the multi-functional microrobot.
5. Conclusions and future work

In this paper, a novel type microrobot actuated by electromagnetic field is proposed,

which provides the feasibility of similar CEs in the practical clinical applications.

1) The type of screw jet microrobot is actuated by the propulsive force which
1s created by the pitch of the screw. The experimental results of evaluation of
the motion performance shows that the 2 pitch structure can provide the
highest velocity for the screw jet microrobot. When the actuation frequency of

the electromagnetic field at 10Hz, the velocity reached the peak at 5mm/s.

2) During the experiment, due to the resonance frequency of the magnet’s
individual performance. The proposed different types of microrobots have different
starting frequency and step-out frequency at 3Hz and 10Hz, respectively.
3) The highest velocity of the drug sustained-release microrobot (DSM) can
achieve 7mm/s in the static flow. According to the starting frequency of the
microrobot, the frequency at 1-2Hz is used to realize the drug delivery function.
Therefore, the experiment to evaluate the drug delivery rate shows that at 1-2Hz
the flow rate of the discharged drugs are 0.015ml/s and 0.028ml/s.

4) In addition, we used cylinder shape fixed cow intestine as the operation
environment to do the in vitro test. During the experiment, the DSM can move

toward the target two points in the curve intestine pipe, and the cooperative
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locomotion of drug delivery has also been achieved.

In the future works, the developed DSM prototype will correspond with the criteria.
The smaller size not only means that DSM can better adapt to the fluid environment,
but also can function easily in some special cases, such as the discomfort of aged
patients, or the narrow intestinal tract of young children. The working environments,
which affect a lot on the motion performance, will be analyzed for more complex
environments such as in-vivo tests. Some existing methods, such as injecting gas or
liquid into the intestinal tract have been applied in practical detection. However, how
to deal with the problems of insufficient propulsion force in the fluid caused by
various factors will be the main challenge we need to overcome. Besides, in minimally
invasive surgery, the surgeons need to customize treatment with different types of
functions robots, several multi-module capsule robots with different functions or

different drugs will be the trend and direction of our research.
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