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ABSTRACT

Practically many of the exiting wireless endoscopic capsules cannot be controlled from
the outside and move in the organs with the help of peristaltic motions. The developed magnetic
control system for wireless endoscopic capsule helps to solve this problem. The system consists
of six identical solenoids situated on the faces of the cube. There are seven schemes of powering
the coils. Calculations for each scheme to evaluate magnetic field and power induction vectors
were made. Demands for distribution of magnetic field, which is generated by the system, and
parameters of field force interaction with diagnostics capsule with different variants of magnetic
system coils powering were set. For illustrative purposes calculation diagrams are presented.

Key words: Magnet system configuration, coils power supply scheme,
distribution of magnet induction vector and force.

INTRODUCTION

The wireless capsule endoscopy now
plays an important role in digestive tract
examination as it provides its comfortable and
detailed diagnostics. It allows finding timely
abnormalities, continuing more detailed
examination and treatment'*

Nowadays, a lot of attention is paid to
creation of magnet control systems for wireless
endoscopic capsules, because with the help of the
following technology it is possible to:

o stop, rotate and move endoscopic capsule
in the digestive system for more detailed
analysis during the procedure (standard
capsule can be stuck and, for example, stay
in the stomach for a long time);

o provide speed delivery of the endoscopic
capsule to the dodecadactylon of the
patients who are under risk of long-lasting
stay of capsule in the upper part of the
intestinal tract;

o make online screening of stomach walls and
small bowel at the same time®”

Many authors discussed the following
topic. For example, magnet control system of
Siemens and Olympus endoscopic capsule has a
new method of magnet directing, information
system, image processing system and endoscopic
capsule. During examination patient is placed so
that his stomach with the capsule is in the middle of
the artificial magnetic field. Magnet generates
different magnetic fields. Therefore, doctor can
control the capsule with the help of joystick®

Kim et al. present modified magnetic
endoscopic capsule, which can be fixed in the
stomach and can control stomach movement
function® Lien et al. proposed their own magnet
control system for endoscopic capsule in'®. Sun et
al. describe multi-use of magnetic control system
for an endoscopic capsule'. Wakefield speaks
about magnetmovable endoscopic capsule, which
provides medical expertise and treatment of
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digestive system, reproductive tracts, tracheae,
lungs and vascular system?.

Usually a capsule complex control system
is based on magnet coils system, which generate
magnetic field to move the capsule in the necessary
direction and in case of need to make distance
recharge of power element within the capsule.
Accuracy and capsule movement speed depends
on magnet parameters. That is why the main
attention should be paid to magnet system
configuration.

In the present article modeling and
magnetic field induction vectors and force are
presented, which affect diagnostics capsule and
calculations diagrams are shown for each powered
scheme. Calculations for the prototype of the
developed magnet system are also provided.

MATERIALS AND METHODS

Let us consider magnet system
configuration for which numerical calculation was
made. The system consists of six identical coils
(solenoids) placed on the cube faces (origin of
coordinates is situated in the center of the cube).
The coil system is described in details in article™.

The following coil parameters were used for
calculation:

o Inner diameter — 200 mm;

o Outer diameter — 300 mm;

. Coil spread — 30 mm;

o Number of turns in the coil — 1500;

. Current, which flows through powered coil —
1A

When wrapping solenoids, copper wire
should be protected with glass-cloth from solenoid
surface frame. Copper wire ends should be
additionally protected with double course of cambric
isolation.

Coil geometrical location used for
calculations is presented in Figures 1 and 2.

Calculations were made for seven
schemes of coil powering presented in Figure 3
and in Table 1.
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For each of presented in Scheme 1
magnetic system powering schemes 6, 6 and z
induction vectors were calculated for magnetic field
B (B, By, B,) and force (F, Fy, F,)", which
affect diagnostics capsule (it is suggested, that force
affects capsule, presented in the form of magnetic
dipole with parameters 1A*m?2, oriented in the
calculated point along power line of magnetic field,
which flows through this point), in cube with face
200 mm and step equal to 20 mm along the main
coordinate axis for 6 plains with coordinates:

1. z=0;
2. z=-100 mm;
3. z =100 mm;
4. y=0;
5. y =-100 mm;
6. y =100 mm.

Calculation was made with finite-element
method'® with the help of ANSYSMaxwell program
for static mode. Net in the working area, i.e. within
the cube with parameters 200x200x200 mm, was
set with maximum element size equal to 10 mm.

rror value was 1%. Calculation was made within
the area 1140x1140x1140 mm with “Balloon” type
boundary conditions, which means tangential and
normal component of vector potential turn into zero
at infinity.

RESULTS

Calculation results for switching Scheme 1

In Figure 4 calculation results for vector
distribution of magnetic induction (purple arrows)
and force (green arrows) in the plain (6,z) (x = 0) for
switching scheme No.1 are shown. Analogue and
vector distribution processes are evaluated for
plains 6 = 100, 6 =-100, y = 0 (x,z) and 6 = 100. In
other plains and vector distribution is equal.
Therefore, the presented diagrams give the full
picture of field and force distribution for the following
coil switching method.

Calculation results for switching Scheme 2
Figure 5 provides calculation results for
vector distribution of magnetic induction (purple
arrows) and force (green arrows) in the plain (6,z)
(x = 0) for switching scheme No. 2. Analogue and
vector distribution processes are evaluated for
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plains 6 = 100, (z,x) (y = 0), 6 = 100. In other plains  Calculation results for switching Scheme 3

and vector distribution is equal; therefore the In Figure 6 calculation results for magnetic
presented diagrams give the full picture of field and  induction (purple arrows) and force (green arrows)
force distribution for the following coil switching  vector distribution in the plain (8,z) (x = 0) for
method. {,
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Fig. 1: Geometrical location of magnetic
system coils (section though center is Fig. 2: Schematic layout of magnetic system
perpendicular to one of the main axis) coils

a — Scheme 1, only coil 1 is powered, other coils are not powered.
b — Scheme 2, coils 1 and 2 are powered, other coils are not powered.
¢ — Scheme 3, coils 1 and 4 are powered, other coils are not powered.
d — Scheme 4, coils 1, 2, 3, 4 are powered, other coils are not powered.
e — Scheme 5, coils 1 and 4 are powered, other coils are not powered.
f — Scheme 6, coils 1, 4, 5 are powered, other coils are not powered.
g — Scheme 7, all coils are powered.

Fig. 3: Coil powering schemes
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a — Calculation results for magnetic induction vector and force distribution in the plain (6,z) (x = 0).

b — Calculation results for magnetic induction vector and force distribution in the plain x = 100.

¢ — Calculation results for magnetic induction vector and force distribution in the plain x = -100.

d — Calculation results for magnetic induction vector and force distribution in the plain y = 0 (x,2).

e — Calculation results for magnetic induction vector and force distribution in the plain y = 100.
Fig. 4: Diagrams of calculations for switching scheme No.1

a — Calculation results for magnetic induction vector and force distribution in the plain (6,z) (x = 0).

b — Calculation results for magnetic induction vector and force distribution in the plain x = 100.

¢ — Calculation results for magnetic induction vector and force distribution in the plain (z,x) (y = 0).

d — Calculation results for magnetic induction vector and force distribution in the plain y = 100.
Fig. 5: Diagrams of calculations for switching scheme No. 2
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switching scheme No. 3 are presented. Analogue
and vector distribution processes are evaluated
for plains 6 = 100 mm, 6 = -100 mm, (z,x) (y = 0), 6
=100 mm, 6 =-100 mm, (6,6) (z=0),z=100 mm. In
plain z = -100 mm and distribution is equal to the
distribution in plain z = 100 mm, therefore the
presented diagrams give the full picture of field and
force distribution for the following coil switching
method.

Calculation results for switching Scheme 4
Figure 7 shows results of calculations for
vector distribution of magnetic induction (purple
arrows) and force (green arrows) in the plain (6,z)
(6 = 0) for switching scheme No. 4. Analogue and
vector distribution processes are evaluated for
plains 6 =100 mm, (8,y) (z=0), z= 100 mm. In other
plains and vector distribution is equal. The
presented diagrams give the full picture of field and

=
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force distribution for the following coil switching
method.

Calculation results for switching Scheme 5

In Figure 8 calculation results for vector
distribution of magnetic induction (purple arrows)
and force (green arrows) in the plain (y,z) (x = 0) for
switching scheme No. 5 are presented. Analogue
and vector distribution processes are evaluated
for plains x =100 mm, x =-100 mm, (6,z) (y=0),y =
100 mm, y =-100 mm, (8,y) (z=0),z=100 mm. In
other plains and vector distribution is equal;
therefore the presented diagrams give the full
picture of field and force distribution for the following
coil switching method.

Calculation results for switching Scheme 6
Figure 9 provides calculation results for
magnetic induction (purple arrows) and force (green

a — Calculation results for magnetic induction vector and force distribution in the plain (6,z) (x = 0).
b — Calculation results for magnetic induction vector and force distribution in the plain x = 100.
¢ — Calculation results for magnetic induction vector and force distribution in the plain x = -100.
d — Calculation results for magnetic induction vector and force distribution in the plain (z,x) (y = 0).
e — Calculation results for magnetic induction vector and force distribution in the plain 6 = 100.
f — Calculation results for magnetic induction vector and force distribution in the plain 6 = -100.
g — Calculation results for magnetic induction vector and force distribution in the plain (6,0) (z = 0).
h — Calculation results for magnetic induction vector and force distribution in the plain z = 100.

i — General three-dimensional distribution of

and

vectors.

Fig. 6: Diagrams of calculations for switching scheme No. 3.
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a — Calculation results for magnetic induction vector and force distribution in the plain (8,z) (6 = 0).
b — Calculation results for magnetic induction vector and force distribution in the plain 6 = 100 mm.
¢ — Calculation results for magnetic induction vector and force distribution in the plain (8,y) (z = 0).
d — Calculation results for magnetic induction vector and force distribution in the plain z = 100 mm.
e — General three-dimensional distribution of  and  vectors.

Fig. 7: Diagrams of calculations for switching scheme No. 4
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a — Calculation results for magnetic induction vector and force distribution in the plain (6,z) (x = 0).
b — Calculation results for magnetic induction vector and force distribution in the plain x = 100.
¢ — Calculation results for magnetic induction vector and force distribution in the plain x = -100.
d — Calculation results for magnetic induction vector and force distribution in the plain (x,z) (y = 0).
e — Calculation results for magnetic induction vector and force distribution in the plain 6 = 100.
f — Calculation results for magnetic induction vector and force distribution in the plain 6 = -100.
g — Calculation results for magnetic induction vector and force distribution in the plain (6,0) (z = 0).
h — Calculation results for magnetic induction vector and force distribution in the plain z = 100.
i — General three-dimensional distribution of  and vectors.

Fig. 8: Diagrams of calculations for switching scheme No. 5
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arrows) vector distribution in the plain (y,z) (x = 0)
for switching scheme No. 6. Analogue and vector
distribution processes are evaluated for plains x =
100 mm, x =-100 mm, (,z) (y=0),y =100 mm, y =
-100 mm, (6,y) (z =0), z=100 mm, z =-100 mm.

Calculation results for switching Scheme 7

In Figure 10 calculation results are
presented for vector distribution of magnetic
induction (purple arrows) and force (green arrows)
in the plain (8,y) (z = 0) for switching scheme No. 7.

a — Calculation results for magnetic induction vector and force distribution in the plain (6,z) (x = 0).
b — Calculation results for magnetic induction vector and force distribution in the plain x = 100.
¢ — Calculation results for magnetic induction vector and force distribution in the plain x = -100.
d — Calculation results for magnetic induction vector and force distribution in the plain (x,z) (y = 0).
e — Calculation results for magnetic induction vector and force distribution in the plain y = 100 mm.
f — Dacoéuoaoh dan+ o6a daniddadéaiey adéoida iaaieoiié eiadédee & feéd a iéinéifoe y = -100.
g — Calculation results for magnetic induction vector and force distribution in the plain (6,0) (z = 0).
h — Calculation results for magnetic induction vector and force distribution in the plain z = 100.
i — Calculation results for magnetic induction vector and force distribution in the plain z = -100.
Fig. 9: Diagrams of calculations for switching scheme No. 6

a — Calculation results for magnetic induction vector and force distribution in the plain (8,y) (z = 0).
b — Calculation results for magnetic induction vector and force distribution in the plain z = 100.
Fig. 10: Diagrams of calculations for switching scheme No. 7
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Table 1: Scheme of switching on (powering) magnetic system coils for calculation.

Scheme Coil1 Coil2 Coil 3 Coil 4 Coil 5 Coil 6
number
1 + - - - - -
2 + + - - - -
3 + - - + - -
4 + + + + - -
5 + - - + - -

(current direction in caoil

4 is opposite to current

direction in coil 4 for scheme 3)

6 + - - + + -
7 + + + + + +

Analogue and vector distribution processes are
evaluated for plain z = 100 mm. In other plains and
vector distribution is equal; therefore the presented
diagrams give the full picture of field and force
distribution for the following coil switching method.

CONCLUSIONS

Therefore, in the present article
requirements to magnetic field distribution are
presented. The field is generated by the system and
parameters of force interaction with the diagnostics
capsule for different variants of magnet system coil
switching. The received numerical data are
presented in the form of diagrams of field and force
distribution, which affect magnetic capsule modeled
in the form of magnetic dipole along the magnetic
field vector destination.

The chosen configuration of the magnet
system (coils, which make a cube with its faces)
helps to create field distribution in space with
configuration, which gives an opportunity to orient

in the given space point and capsule rotation after
magnetic field direction. Magnetic field gradient,
created by the coils, forms ponderomotive force
distribution, which allow moving the capsule in the
specified direction.

Thus, the modeled magnetic system can
provide rotation and movement of the capsule in
space by changing outer field gradient, created by
the magnetic coils.

Magnetic system configuration
calculations will be used for further calculations and
experiments for providing control over diagnostics
endoscopic capsule with the help of magnetic field.
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