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Abstract –In this paper, a novel biopsy robot is proposed. In
order to solve the problem of the single function of the
commercial capsule endoscope, this paper proposes a novel
biopsy capsule robot driven by an external magnetic field. The
module includes two radial magnetized magnetic rings and a
biopsy mechanism. Without considering the addition energy
consumption, using the coupling effect of the three-axis
Helmholtz coil and the robot's built-in magnet, the crank slider
mechanism converts the torque acting on the magnet by a
uniform rotating magnetic field into the cutting force during
biopsy. The magnetic switch used to control the switching
between the motion function of the anchor biopsy robot and the
anchor biopsy function. Finally, the functional modules in the
pipeline of anchored biopsy robot is verified by experiments. The
results show that the biopsy robot can realize the robot's
anchoring in the intestine while performing the biopsy function.
The realization of the biopsy capsule robot has important medical
diagnostic significance.

movement of the traditional wireless capsule endoscope
mainly relies on the peristaltic motion of the digestive tract.
The doctor cannot flexibly adjust the position of the robot in
real time according to the needs of diagnosis, resulting in a
high rate of missed detection. Clinical analysis shows that the
root cause of the high rate of intestinal environmental
endoscopic missed examinations is that the problem of fixedposture adjustment has not been solved. For example, colon
examination techniques are still blank; directional
intervention drug application and sampling are still limited.
So far, the study of wireless capsule endoscopy has
mainly divided into two directions. On the one hand is the
study of robot active movement. Magnetic drive is a safe and
reliable control method to solve the robot's active motion. A
new magnetically driven hybrid micro robot driven by an
electromagnetic drive system proposed by the Guo Lab team
[9~10]. A new crawling magnetic robot operated by a
magnetic navigation system (MNS) proposed by Hanyang
University in South Korea. Using a uniform electromagnetic
field, the crawling robot can operate in a tubular environment.
During the crawling movement, the crawling and drilling
movements are supported by morphological memory alloy,
which can be opened and closed to clear the blocked area [7].
On the other hand, the diagnostic function of capsule
endoscope is studied. In 2005, Park, Sunkil et al proposed a
biopsy device based on crank slider mechanism using
morphological memory alloy and spring drive, and the
feasibility of the biopsy module was verified by in vitro
experiments of pig large intestine [8]. In 2015, a new robotic
biopsy device based on active small intestine capsule
endoscope based on morphological memory alloy was
proposed by Chunam national university in South Korea [9].
In vitro biopsy test was conducted to verify the feasibility of
integrating biopsy device into capsule endoscope prototype
using electromagnetic drive system. In 2016, the team
proposed a biopsy device based on morphological memory
alloy and magnetic spring drive. The external electromagnetic
system controlled the movement of the capsule robot and the
activation and closure of the biopsy module. However, they
have a common feature of using morphological memory
alloys as driving devices [10]. Due to the disadvantage of the
shape memory alloys of high energy consumption and slow
response, the use of shape memory alloys limits certain
performances of capsule robots.

Index Terms - Biopsy Capsule Robot, Three-axis Helmholtz
coil, Magnetic switch, Crank slider mechanism

I.

INTRODUCTION

With the acceleration of contemporary life and changes
in human eating habits, digestive tract diseases have
increasingly become a major factor that seriously threatens
our physical health. A group of surveys and studies showed
that the incidence of cancer in China in 2014 was ranked 3rd,
4th, and 5th for men with gastric, esophageal, and colorectal
cancers, and 3rd, 4th and 6th for women [1~3]. However,
traditional endoscopes have the disadvantages of poor
accessibility, causing pain, and single function. Recently,
artificial intelligence has been used more and more in the
medical field. It makes it possible for traditional endoscopes
to overcome traditional limitations, improve diagnostic
accuracy, and reduce patient discomfort. It has gradually
become a focus of attention of domestic and foreign scholars.
In 2000, the M2A wireless capsule endoscope developed
by Given Image opened a new window for medical
practitioners in the field of gastrointestinal diseases [5~6].
Until now, mainstream commercial robots Olympus, Miro
Cam, OMOM [7~8], and Navi Cam have been used in the
clinic because of their advantages such as visualization,
safety, and patient discomfort. Become the main means of
diagnosis of digestive tract diseases. However, due to the
special physiological structure of the digestive tract, the
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This paper includes five parts, part I is introduction; Part
II is the design of biopsy block module robot, which introduce
the magnetic switching principle and the structure of biopsy
module robot are described. Part III describes the control
method of anchoring biopsy robot. Part IV include
experimental design and analysis, the biopsy anchoring
module can be activated and closed at a specific angle were
evaluated. Part V is conclusion, which summarizes the content
of this paper and provides a reference for the following work.

Fig.1 Schematic diagram of magnetic switch state

II. THE DESIGN OF BIOPSY MODULE ROBOT

F=

A. Magnetic Switching Principle
A schematic diagram of a magnetic switch is show in
Fig.1. The magnetic switch is composed of two coaxial radial
magnets. Magnet A can move axially but not radially, and
magnet B can rotate radially but not axially. In the absence of
external magnetic field interference, magnet A and B are
attracted together due to the interaction of magnetic poles.
The two magnets can be equivalent to a larger magnet as a
driving magnet to control the robot's movement. The two
magnets ＇s position as show in Fig. 1 (a). If a strong
directional magnetic field is applied, the torsional force acting
on the magnets in this direction is greater than the interaction
force between them. Magnet B will rotate with the same
polarity relative to the external magnetic field. The relative
polarity changes, and the interaction force changes from
attractive force to repulsive force. Since the magnet A can
only move in the axial direction, it will show a linear motion
in the axial direction, and the magnet A and the magnet B are
separated, then the state of the two magnets is shown in Fig. 2
(b). If the magnetic field in this direction is removed, due to
the radial rotation of the magnetic pole the magnet B will be
closed. Therefore, the magnetic switch can simultaneously
control the movement of the robot and the activation and
closure of the biopsy functional modules. Therefore, the robot
can achieve radial rotation and axial linear movement. The
schematic diagram of magnetic switch state is shown in Fig.1.
We can be calculated the cutting force based on the
maximum uniform magnetic field and the different sizes of
cylindrical neodymium magnets with a magnetization of M =
955000 a / M, and B is the magnetic field strength of the
rotating magnetic field. According to human cadaver tests, the
average failure stress of the gastrointestinal tract tissue at the
tool-tissue interface is 20 MPa [14]. The torque T of the
uniform magnetic field acting on the permanent magnet can
be expressed as[15] :
 M y Bz − M z B y 


T = V ( M × B ) = V  M z Bx − M x Bz 
M B − M B 
y x
 x y

τ=

T
R

F
≥ τ dex = 20MPa
t×s

F ≥ 20MPa × t × s

(2)

(3)
(4)

Where F is the cutting force acting on the tissue, t and s are
the thickness and width of the blade, and R is the radius of the
biopsy forceps. In this study, we selected t = 0.03 mm and s =
2.0 mm for the thickness and width of the razor blade,
respectively. We can show that the influence of the volume V
of the magnet on the cutting force F of the biopsy is an
important parameter. In order to optimize the size of the
permanent magnet, a theoretical analysis of the biopsy forces
of different sizes of the rotating permanent magnet is needed,
and a suitable permanent magnet is selected for cutting. Based
on the radius and thickness of the permanent magnet, we
simulated the shear stress of the biopsy module is shown in
Fig. 2.
In consideration of the size of the anchored biopsy robot,
of course, the smaller the magnet, the better, but the reduction
in the volume of the magnet will reduce the torque applied to
the magnet by the uniform rotating magnetic field at the same
magnetic field frequency, therefore the cutting force of the
biopsy will also decrease. The robot of machining accuracy
also be higher. Taking into account, we chose radial ring
magnets with an outer diameter of 6.5mm, an inner diameter
of 3.5mm, and a height of 5mm.
B. Structure of Biopsy Module Robot
Biopsy can make a clear histopathological diagnosis for
most of the cases submitted for examination and is biopsy
function diagnosis and treatment. The design of biopsy
structure should consider the following points:
(1) Considering the physiological structure and
anisotropy of intestinal tissue, the biopsy forceps should have
a sharp cutting edge and the maximum cutting force should
not be less than 10N [11];
(2) Ensure that the volume of biopsy samples is large
enough, at least 1mm3, to meet the needs of doctors for
clinical analysis [12-13];
(3) The biopsy process can be repeated;

(1)

Where V is the volume of the permanent magnet, and the
subscripts x, y, and z respectively represent the components
of the uniform magnetic field x, y, and z axes. The cutting
force of the biopsy forceps is calculated as follows:
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Fig.4 Active and inactive states of the biopsy module
Fig.2 Permanent magnet size vs cutting force

Fig.5 Active and inactive states of the anchor module

rotation process of the crank slider mechanism with the
magnet B is shown in Fig. 4 (b) to (d). After the sampling is
completed, the biopsy forceps with the tissue sample restored
to its original state, and the anchored biopsy robot continues
to move forward.
The schematic diagram of the movement of the anchoring
module is shown in Fig. 5. Point A is fixed to the robot's
capsule-shaped head, point C is fixed to the capsule robot's
shell with the magnet B fixed, and point B follows the state of
the umbrella-shaped anchoring structure. When the external
magnetic field applies a directional magnetic field, the
magnetic switch is turned on, the magnet B rotates radially,
the magnet A moves along the y axis, and the point C will
follow the magnet A along the y axis, and the umbrellashaped anchoring structure is activated. The external direction
magnetic field removal anchoring module is restored to the
initial state.
The robot proposed in this study was drawn using
SolidWorks software, using photosensitive resin materials to
print each individual part through a 3D printer, and then
assembling it to complete a prototype is shown in Fig.6. The
parameters of the assembled robot is shown in Tab.1.

Fig.3 Schematic diagram of modular anchored biopsy robot, (a) and (b) are
the modular anchored biopsy robot inactive and active state respectively.

(4) The whole biopsy process should be accurate and
stable to avoid injury to patients and ensure the accuracy of
the sampling site.
The motion principle of the modular anchored biopsy
robot controlled by a three-axis Helmholtz coil has been
continuously and intensively studied by theoretical analysis
and experiments to verify that the modular capsule robot can
achieve docking, separation, and synchronous movement
[16]. This structure designs a biopsy anchoring module based
on the auxiliary robot in the modular capsule robot, which
provides functional requirements for the further use of the
modular robot in clinical use.
The conceptual diagram of the biopsy modular robot is
shown in Fig. 3. The structure consists of anchoring module
and biopsy module. The anchor module is designed to stop
the biopsy module robot effectively. And magnets A and B in
the magnetic switch are coaxial with the robot, and the
relative positions of magnets A and B are shown in Fig. 3(a)
and Fig. 3 (b).
The activation process of the modular anchored biopsy
robot biopsy module is shown in Fig.4. The state of the
biopsy module in the sport mode is shown in Fig. 4(a). In this
state, the rack and gear mesh. The schematic diagram of the

C. Control Method of Anchored Biopsy Module Robot
Under the coupling effect of the three-axis Helmholtz
coil and the radial magnet built in the capsule robot,
according to the current driving formula, the coil generates a
corresponding rotating magnetic field according to the threephase alternating current passed. Due to the spiral structure of
the robot shell, the robot in the pipeline Under the action of
dynamic pressure lubricating film, it can move forward or
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backward. In motion mode, the attractive force between the
two permanent magnets is used to ensure that the anchor
biopsy module is securely fixed inside the capsule robot.
After the main robot finds the location of the lesion, we apply
DC current to the three-axis Helmholtz coil through the
control panel, the external magnetic field generates a strong
directional magnetic field. At this time, the magnetic switch
activates the biopsy module robot to change to the biopsy
mode. The biopsy module activates and stops moving while
the anchoring block is activated. If the current passing
through the three-axis Helmholtz coil is activated again
Change to AC current, the strong magnetic field disappears,
the external magnetic field turns into a rotating magnetic field
again, the magnetic switch is closed, the biopsy forceps
complete sampling during the closing process, the biopsy
robot biopsy module and the anchor module are closed, and
the modular capsule robot switches to the motion mode to
continue to move forward.
The spatial universal rotating magnetic field generated
by the three-axis Helmholtz coil is used to complete the
movement of the function module. The opening of the biopsy
forceps of the anchored biopsy robot must be consistent with
the location of the lesion. As long as the current of the
following formula is passed to the three-axis Helmholtz coil,
the coil can be driven to generate a spatial rotating magnetic
field with the plane normal vector and the normal direction of
the rotation plane[16-19].
 I x = − I 0 sin α sin ( ωt − ϕ x )

 I y = − I 0 sin β sin (ω t + ϕ y )

 I z = I 0 sin γ sin (ωt )
(5)
Where α, β and γ are the angles between the vector and
the
x,
y
and
z-axis
respectively;
cosβ
cos α
tanφ x =
, tan ϕ y =
; I 0 is the amplitude
cosγcosα
cos γ cos β
of the magnetic field current ; ω is the angular frequency of a
sinusoidal alternating current. Because the location of the
lesion may be anywhere in space. We can change the current
of the coil according to the actual lesion position and
reference the current drive formula to achieve any direction of
movement in the eight quadrants of the capsule robot space.

Fig.6 Prototype of capsule endoscope integrated anchored biopsy module:
TABLE I
PROTOTYPE PARAMETERS OF INTEGRATED
ANCHORED BIOPSY MODULE
Length
Diameter
Number of
Helix angle
magnets
(mm)
(mm)
(couple)
(°)
52
20
2
45

B. The Experiment of Accurate Biopsy Evaluation
Through the current drive formula and the anti-phase
superposition law, the rotation control of the robot at any
angle in the eight quadrants of space can be realized. and
conducted several experiments of classical angles. The
diagram of pipe section and angle is shown in Fig.9. In order

Fig.7 Three-axis Helmholtz coil

III. EXPERIMENTS AND RESULTS
A. Experimental Platform
The experimental platform used in this study is a threeaxis Helmholtz coil as shown in Fig. 7.
We conducted an in vitro kinematics experiment
evaluation of the capsule robot. The experimental platform is
shown in fig.8, including a three-axis Helmholtz coil, threephase AC power supply PCR300LE2 and PC. The
experiments in this study were performed in vitro. An acrylic
tube was placed in the central area of the three-axis
Helmholtz coil, and the anchored biopsy robot was sealed in a
transparent acrylic tube for experiments.

Fig.8 Experimental platform.
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(a) 0 degrees relative to the positive Y axis.

Fig.9 Schematic diagram of pipe section and Angle

(b) 45 degrees relative to the positive Y axis.

(a) The motion state at 0s.

(c) 90 degrees relative to the positive Y axis.

(b)Move to lesion position at 3s.

(d) 120 degrees relative to the positive Y axis.
(c) Biopsy function active at 8s.

(d) Sampling completed robot move forward at 10s

(e) 180 degrees relative to the positive Y axis.

Fig.10 The snapshots of biopsy sampling process

Fig.11 Biopsy function activated at different angle

to verify the feasibility of accurate biopsy, we conducted
experiments in static water. By changing the current
frequency, we controlled the direction of the biopsy forceps
when the biopsy anchoring module was activated. we set up a
cartesian coordinate system on the cross section of the
pipeline, the centre of pipeline as the origin of coordinates,
and diagram of pipe section and angle is shown in Fig.9. The
snapshots of biopsy sampling process is shown in Fig.10. We
conducted experiments at four classic angles: 0°, 45°, 90°,
120°, and 180°. According to the current control formula,
input the corresponding current value to the control panel to
control the opening direction of the biopsy forceps of the
biopsy module, At this time, the external magnetic field mode
is changed to the directional magnetic field, the anchor biopsy
function is activated, and the robot stops moving under the
action of the anchor module. In addition, the biopsy forceps
of the biopsy module are opened for tissue extraction.

The external magnetic field mode is switched again to a
rotating magnetic field, the biopsy module completes the
tissue magnetic extraction action during the closing process,
and the umbrella anchoring module is closed. The capsule
robot continues to move forward.
The experimental results are shown in Fig.11. a . The
experimental results show that when the biopsy module is
ctivated, it can be effectively stopped under the action of the
anchoring module, and the external magnetic field mode is
switched again. The sampling is completed during the closing
of the biopsy forceps. In addition, we can accurately control
the opening direction of the biopsy forceps through the
current drive formula to achieve Sampling is completed at
any specific angle of 360 degrees in the pipeline. In order to
achieve accurate biopsy in any direction in space is feasible
and convenient.
IV. CONCLUSIONS
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This paper presents a modular anchored biopsy robot
that utilizes the coupling effect of an external magnetic field
and the robot's built-in magnet. The crank-slider mechanism
converts the magnetic moment into a biopsy cutting force.
The feasibility of robot kinematics and functional modules
has been verified through experiments. This study mainly
includes the following parts:
1) An active movement capsule robot for biopsy is
proposed;
2) The control method of the biopsy robot is introduced;
3) Experimental evaluation of the biopsy anchoring
module can be activated and closed at a specific angle;
In the future work, we should further optimize the size of
the robot to be more suitable for clinical application.
ACKNOWLEDGMENT
This study is supported by Natural Science Foundation of
Tianjin (18JCYBJC43200) and Innovative Cooperation
Project of Tianjin Scientific and Technological Support
(18PTZWHZ00090).
REFERENCES
[1] Yu, Marcia. “M2ATM Capsule Endoscopy: A Breakthrough Diagnostic
Tool for Small Intestine Imaging”. Gastroenterology Nursing, vol.25,
no.1, pp.24–27, 2002.
[2] Chiu, Philip Wai Yan “Editorial on quality standards in upper
gastrointestinal endoscopy: a position statement of the British Society of
Gastroenterology (BSG) and Association of Upper Gastrointestinal
Surgeons of Great Britain and Ireland (AUGIS)” Translational
Gastroenterology & Hepatology, vol.3, pp.13-13,2018.
[3] Desilets, David, et al., ‘‘Gastrointestinal Endoscopy Editorial Board top
10 topics: advances in GI endoscopy in 2017’’ Gastrointestinal
Endoscopy. vol. 88, no.1, pp. 397–429, 2018.
[4] Jian Guo, Zihong Bao, Shuxiang Guo, et al. “Design and Evaluation of A
New Push-type Targeted Drug Delivery Capsule Robot”. 2019 IEEE
International Conference on Mechatronics and Automation, pp. 13051310, 2019.
[5] Fu, Qiang and Guo, Shuxiang and Yamauchi, Yasuhiro and Hirata,
Hideyuki and Ishihara, Hidenori. “A novel hybrid microrobot using
rotational magnetic field for medical applications.” Biomedical
Microdevices, vol. 17, no.2, pp. 31, 2015.
[6] Qiang Fu, Shuxiang Guo, Songyuan Zhang, et al. “Characteristic
Evaluation of a Shrouded Propeller Mechanism for a Magnetic Actuated
Microrobot”. Micromachines, vol.6, no.9, pp.1272-1288,2015.
[7] Le, V.H., et al. “Electromagnetic field intensity triggered micro-biopsy
device for active locomotive capsule endoscope.” Mechatronics, vol.36,
pp. 112-118, 2016.
[8] Shuxiang Guo, Qiang Fu, Yasuhiro Yamauchi, et al. “Characteristic
Evaluation of a Wireless Capsule Microrobotic System”. Proceedings of
2013 IEEE International Conference on Mechatronics and Automation,
vol.69, no.16, pp.831-836, 2013.
[9] Jian Guo, Wei Xiang, Guo Shuxiang, et al. “Performance evaluation of
the wireless micro robot in the pipe with symmetrical sprial structure”.
2015 IEEE International Conference on Robotics and Biomimetics. pp.
958–963, 2015.
[10] Le, Viet Ha and Du Nguyen, Van and Lee, Cheong and Go, Gwangjun
and Park, Jongoh and Park, Sukho. “Miniaturized biopsy module using
gripper tool for active locomotive capsule endoscope.” Mechatronics,
vol.44, pp.52-59,2017.
[11] Jian Guo, Shuxiang Guo, Xiang Wei, et al. “A novel tele-operation
controller for wireless microrobots in-pipe with hybrid motion”. Robotics
and Autonomous Systems, vol.76, no.1, pp. 68~79 ,2016.

1785

