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Magneto-mechatronic system for
biomedical applications

Magneto-mechatronics is a synergistic integration of mag-
netic, mechanical, and electrical engineering for innovative
medical and industrial applications, particularly medical appli-
cations that require convenience, rapidity, and safety in diag-
nosis and therapy.

The primary purpose of magnetic medical devices is to
provide new medical solutions as well as interdisciplinary ap-
proach combining engineering and medicine. Because magnet-
ic technologies have potentiality and remarkable features for
wireless control, battery-free operation, and miniaturization, I
am focusing on developing a magnetically actuated multi-scale
robot system for minimally invasive treatment, a wireless
blood pump, and an implantable power generator.

Traditional robots rely on the stiffness of a mechanical arm
to precisely control motion and to apply forces at their tips.
As medical robots become smaller and venture deeper into
the human body along its natural passageways, it becomes
impractical to provide a stiff mechanical coupling to the out-
side world. This has led to the exploration of concepts for the
wireless generation of forces to either augment or replace
mechanically transmitted forces. In the last few years, the use
of magnetically generated forces and torques has emerged as
a promising technique that can provide both sufficient power
and precise control. Electromagnetic and permanent magnetic
systems have demonstrated the capability to propel miniature
devices, steer catheters, and navigate capsule endoscopes and
helical swimmers within the human body. Developing any of
these magnetic actuation systems and medical devices for
clinical use poses a common set of problems, such as optimi-
zation of the operational workspace, generation of appropriate
forces/torques, accurate device localization, and minimization
of the magnetic actuation system footprint. The magnetically
actuated robot and control method is one of the methods for
minimally invasive treatment. Typically, bio-robots require
active locomotion, high controllability, and precision control.
For these requirements, a customized magnetic actuation sys-
tem is being utilized for steering magnetic robots with robotic
mechanisms.

For magnetic wireless pumps, I proposed new strategies for
a functional blood pump based on wireless control. The new-
ly developed pump has the simplest pump structure: it has a
pump housing and a fully magnetic impeller, without a shaft
and mechanical bearings. I previously designed blades in the
magnet. Therefore, an external rotating magnetic field or the
rotation of an external magnet drives the pump without the
use of a power cable or implanted battery. The pump has a
total volume of 20 cc and weighs 52 g. In addition, the pump
produces a maximum flow rate of 8 L/min at 80 mmHg as a
centrifugal pump. Because of its small size, the pump is suit-
able for use as a pediatric pump.

Lastly, I aim to develop power harvesting devices for im-
plantable medical devices. Because of the life-time and safety
of batteries, the use of implantable medical devices is limited.
In this study, I propose a new approach to guarantee life-time
and safety using the blood stream and a magnetic actuation.
The power harvesting device will have sensing, control, and
generator functions.
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