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Abstract— In this paper, we proposed an intravascular
therapeutic microrobot using an electromagnetic actuation
(EMA) system with bi-plane X-ray imaging device. The
proposed EMA system consists of Helmholtz-Maxwell coils,
uniform-gradient saddle coils. The Helmholtz-Maxwell coils are
located along y-axis, and uniform-gradient saddle coils are
located perpendicular to y-axis. In order to align the
microrobot along a desired angle in 2D (dimensional) plane, it is
necessary to control of the currents on Helmholtz coil and
uniform saddle coil. For a forward and backward direction
movement of the microrobot, we precisely control the currents
of Maxwell coil and gradient saddle coil. Because the saddle
coils can be rotated around the y-axis, the effective actuation
plane of the microrobot can be also rotated, and the microrobot
can move in 3D space. In addition, for the position recognition of
the microrobot in a blood vessel, we adopted a bi-plane X-ray
fluoroscopy. If the saddle coils are rotated around the y-axis, an
open area is changed. Therefore, the saddle coils and bi-plane
X-ray fluoroscopy must be rotated simultaneously. To confirm
the feasibility of 3D locomotion of the microrobot, we executed a
locomotion test of the microrobot in the blood vessel phantom,
where the blood vessel phantom was fabricated by the rendering
data from computed tomography (CT) images of the iliac artery
and 3D printer.

I. INTRODUCTION

R ECENTLY, in order to targeted drug delivery and
therapy of the disease, many researchers developed
manipulation method of magnetic nano particle (MNP)
containing the beads and microrobot [1-12].

Because size limitation of the microrobot, the power source
and motor are difficult to integrate into the microrobot.
Therefore, many wireless microrobots actuated by external
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magnetic field (electromagnet, permanent magnet).

First, for the actuation of the microrobot in blood vessel,
researchers need study about microrobot design and
fabrication method for suitable purpose (DDS, therapy) [4-6].
In addition, research is needed on the EMA system for
manipulation of the microrobot in the blood vessel. Lastly,
important issue is detection of the orientation and position of
the microrobot.

Many researchers developed the EMA system integrated
with imaging devices. But, most researches are conducted the
observation of the microrobot using CCD camera [7-10].
However, if the microrobot inserted into the blood vessel, this
method is difficult to observe. S. Martel proposed the
magnetic field generated by a conventional MRI system to
drive a microbead [11-12]. The MRI system can manipulate
the microbead and recognize its position, simultaneously.
However, the MRI based microbead manipulation system
cannot have a sufficient force for the locomotion in the blood
vessels.

In this paper, we propose intravascular therapeutic
microrobot system with 3D locomotion and detection. The
EMA system consist Helmholtz-Maxwell coils, uniform-
gradient saddle coils. For the detection of the microrobot, the
EMA system is integrated with bi-plane X-ray fluoroscopy.

II. ELECTRO MAGNETIC ACTUATION SYSTEM

A. Basic Theory

Magnetic torque and force applied to a magnetic materials
in a magnetic field can be derived by the following equations
[10, 13]:

T =pu,VM x H 1)
F=p,V(M-V)H ()

where T , V, M, and B are the torque, the volume of magnetic
material, and the magnetization vector of the microrobot,
magnetic flux, respectively. In addition, V is the gradient
operator. From Eq. (1) and (2), the torque and force, which
are generated by a microrobot composed of permanent
magnet, can be calculate, where it surrounded by magnetic
field.

The Helmholtz coil and uniform saddle coil are generate a
uniform magnetic field in ROI. And the magnetic fields,



which are generated by each coil assembly, are derived as
follows:
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where iy, nj, and 13, are the input current, turns and radius of
the Helmholtz coil, i 5, n,s and 7, are the input current,
turns and radius of the uniform saddle coil.

The Maxwell coil and gradient saddle coil are generate a
uniform gradient magnetic field in ROI. And the magnetic
field, which are generated by each coil assembly, are derived
as follows:
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where the gradient of Maxwell coils (g,,) and gradient saddle
coil (g4s) are derived as follows:

im X
Gm = 0.6413 x % (7)
gm = 0.3286 x % ®)

where i,,, n,, and r;, are the input current, turns and radius of
the Maxwell coil, and iy, ngs and 75 are the input current,
turns and radius of the gradient saddle coil.

B. Actuation Mechanism

Previously, we proposed an EMA system, which is
comprised of 1-pair of Helmholtz-Maxwell coils, and 1-pair
of uniform- gradient saddle coils. And the saddle coils are
rotate on axis of Helmholtz-Maxwell coils [10]. This system,
as shown in Fig. 1, can align the microrobot to desired
direction by controlling of input current for Helmholtz coil
and uniform saddle coil. And the system can move the
microrobot to aligned direction with desired magnitude by
controlling of input current for Maxwell coil and Gradient
saddle coil. Additionally, by rotating of working plane which
were made by saddle coil assembly, the working area is
expandable for 3-D locomotion.

Firstly, the input current of Helmholtz coils and uniform
saddle coil for alignment of the microrobot to desired
direction with 6, is derived as follows:

iys = 1.1917 X tan 6 x % X iy ©)

us

In sequence, the input current of Maxwell coils and
gradient saddle coil for movement of microrobot to aligned
direction, is derived as follows:

. m Ngs .
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TABLE
SPECIFICATION OF EMA SYSTEM

HC MC uUsC GSC
Radius (mm) 195 195 141 141
Turns 556 1143 448 448
Resistance (Q) 14.43 25.69 30.45 17.6
Uniform field (1A, A/m) 2040 1908
Field gradient (1A, A/m?) 19277 7405
Gradient S
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Fig. 1. Schematic diagram of the coil system.

Fig. 2. Design and fabrication of the EMA system with bi-plane X-ray
fluoroscope system (ViVIX, Vatech korea).

Lastly, in order to move on plane, which is tilted with @,
the compensation of gravity for tangential direction is
necessary. For this, the gradient, which is generated by the
Maxwell coil and gradient saddle coil, is derived as follows:

=M@ _ 53461 x g,

995 = 32308xMxVxsin 0

(11)

where @, mg, M and V are tilting angle of working plane,
weight, magnetization and volume of the microrobot.
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Fig. 3. Experimental setup.
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Fig. 4. Blood vessel phantom.

III. EXPERIMENTS

A. Experimental Setup

The experimental setup is shown as Figs. 2, 3 and
specification of EMA system is shown as Table 1. At the first,
3-D shape of the blood vessel image was extracted by using
CT. Based on its image, the phantom with blood vessel model
was fabricated through 3D print (see Fig. 4). To observe the
blood vessel and create the similar environment like the real
blood, interior of the phantom was filled with the
physiological saline including X-ray contrast medium.

In addition, a pointy cylindrical type NdFeB magnet with
Imm diameter and 10mm length was inserted into the
phantom. The motorized stage using a step motor was
adopted to place the phantom in the ROI.

The current values were applied to the proposed EMA
system through four power suppliers (California Instruments
MX15 & 3001iX). Also, PCle controller with LabVIEW
2010 (National Instruments) software was used to control AC
servo motor and power suppliers.
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B. In-vitro Test

To verify 3D locomotion of the proposed system, moving
path of the microrobot had 25°, 45° in the plane, and about 10°
in the inclined plane (see Fig. 4). For the movement of the
microrobot in this path, the microrobot maintained the
orientation along @ = 0° (plane) and @ =45° (inclined plane).
Specifically, to move along the inclined plane, the working
plane generated by the rotating coils coincides with the
inclined plane. And, the proper current values for each coils
were controlled by using gravity compensation algorithm.

The alignment and propulsion of the microrobot in the 3D
blood vessel model is shown as fig. 5. We confirmed that it is
possible not only to observe the orientation and position of
the microrobot and the moving path in the blood vessel model
but also move the microrobot in the 3D space.



IV. CONCLUSION

In this paper, we proposed the locomotion of a microrobot
in the blood vessel using stationary Helmholtz-Maxwell coils,
rotational uniform-gradient saddle coils. For the orientation
and position recognition of the microrobot, real time images
of the microrobot were recorded by the bi-plane X-ray
fluoroscopy. For 3D locomotion of the microrobot, the
working plane should be rotated by the rotational uniform-
gradient saddle coils. In addition, the bi-plane X-ray
fluoroscopy can be rotated together with the rotational
uniform-gradient saddle coil pairs. Therefore, we designed
and fabricated the EMA system with the bi-plane X-ray
fluoroscopy and result of the locomotion (for-backward and
steering) of microrobot in the blood vessel phantom verified
the feasibility. Consequently, it is expected that the proposed
EMA system would have potential for use in many medical
applications such as the intravascular therapeutic microrobot,
in specific drug delivery and in sensor delivery, etc.
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