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Abstract - Capsule endoscope robot is a new technology for
the diagnosis and treatment of digestive tract diseases, which is
painless and low invasive. However, the functions of capsule
robots are mainly focused on diagnosis, and there are few studies
on targeted drug delivery. This paper presents a new type of
push-type capsule robot. The robot is 44mm long and has a
diameter of 19mm. It is internally equipped with a piston, spring,
drug compartment and magnetic lock. Through theoretical
analysis of thrust and drug ejection speed, the drug can be
sprayed to the uppermost end of the gastrointestinal wall in
consideration of the drug resistance as its own gravity. When the
external driving frequency is between 12 Hz and 14 Hz, the
magnetic lock of the robot will be released, and the piston is
squeezed out of the drug chamber by the combination of the
spring force and the attraction of the magnet, and the drug is
released to the lesion through the medicine outlet. The flexibility
of this robot to deliver drugs has been proven in experiments and
will soon be available for treatment.

Index Terms - drug delivery, wireless capsule robot, ring-
shaped magnet, Helmholtz coils, push structure

1. INTRODUCTION

Gastrointestinal diseases are old problems that trouble
people. As our daily diet must go through the gastrointestinal
tract, it is necessary for us to pay attention to the health of the
gastrointestinal tract. According to the data, the number of
gastroenteritis patients in China is as high as 230 million,
among which about 40% suffer from gastroenteropathy for a
long time, and colorectal cancer patients are also on the rise
[1-4]. The intestinal health of Chinese people is not optimistic.
Early detection, early diagnosis and early treatment can
significantly improve the cure rate and prolong the life of
patients. With the development of micro electromechanical
systems (MEMS) and capsule robots, there is a growing
demand for targeted drug delivery capsule robots in drug
therapy [5-8].

Given Imaging, a medical technology company from
Israel, launched the world's first commercial capsule
endoscope product called M2A capsule. But its movement
depends on the physiological natural peristalsis of the
digestive tract, which means it is passive [9-12]. In 2014, the
Institute of Electrical Communication of Tohoku University of
Japan proposed a capsule robot based on the magnetic
characteristics and hybrid speed control method of a portable
external drive device for a DC motor. In the same year, the
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agency proposed a robotic structure capable of autonomous
movement and administration, but could not determine the
lesion information and location [13-15]. In 2015, the Guo Lab
team proposed a new magnetically driven hybrid micro-robot
driven by an electromagnetic drive system. The drive source is
provided by an external three-axis Helmholtz coil [24-25]. The
robot can realize multi-degree-of-freedom movement, its mo
vement form is more stable, the propulsive force is higher, and
its environment adaptability is higher, and different movement
modes are switched according to different environments..
Zhang et al. of Dalian University of Technology conducted
continuous research on magnetic wireless capsule robots, and
developed variable-diameter capsule robots and double
hemisphere capsule robots based on multi-wedge effect. When
the variable diameter robot rotates, the multi-wedge effect
pushes the axial movement of the robot through the thrust
generated by the wedge gap to realize the non-contact
movement of the robot. Double hemisphere capsule robots can
take active and passive flexible movements [14-17]. In 2017,
the Chinese University of Hong Kong proposed a wireless
airbag capsule robot that can achieve gastrointestinal
hemostasis, with acid and alkali gas placed inside, inflated by
acid-base endothermic reaction, when the balloon reaches a
predetermined pressure level, internal acid The alkali reaction
stops and the purpose of hemostasis is achieved by extrusion
[17-20].

Although some achievements have been made in the
research of wireless capsule robots in-pipe, the research in this
field is still in the stage of continuous exploration and
improvement for clinical application, and a series of key
technical problems still need to be solved urgently. In this
paper, our team designed a new robotic structure that can be
used to administer drugs to certain fixed areas through the
internal structure of the robot for drug delivery purposes,. as
shown in Fig.1.

The structure of this paper is as follows. In the second
part, we introduce the structural model and dimensions of the
drug delivery robot. In the third section, we analyzed the
structure of the robotic drug compartment. In the fourth part,
we assembled the robot and tested its motion and application
experiments to verify the feasibility of our model. Finally, our
conclusions and future work.
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Figl. 3D structural model of drug release robot

II. THE DESIGN OF THE PROPULSION DRUG -
DELIVERY ROBOT

Previously, our team has proposed to rely on gravity to
release drugs to achieve the drug delivery function, but the
complete release of drugs cannot be achieved by relying on
gravity alone. Therefore, in this paper, a kind of impelling-
type dosing structure is proposed. The thrust has the elastic
force of the spring and the magnetic attraction to the iron
sheet. The release of a drug is by pushing.

A.  The structure of the robot

The wireless spiral-capsule robot for drug delivery
consists of a number of small components, as shown in Fig 2,
including a moving housing, an internal cartridge, a thrust
device, and a radial magnet driving the robot.

Fig 3 shows the size of the robot. Fig (a) shows the size
of the robot when it is closed. The overall length is 44mm. Fig
(b) shows the size of the robot when releasing the drug. The
overall length is 48mm. Fig (c) shows the peripheral diameter
of the robot is 19mm.

B. Fabrication of Robots

In the case of limiting the size and position of the robot,
the two magnets inside the micro-robot are not easy to use
conventional processing methods. Therefore, we divided the
individual robot model into several parts, each of which was
printed using ABS plastic 3D printer. The machining accuracy
of the robot is 0.1mm, which is enough for the robot in this
article.

C. Analysis of Robot torque

When the robot moves in the pipeline, two ring magnets
inside the robot act as a driving source, and the external three-
axis Helmholtz coil provides propulsion and torque to the
robot. The robot rotates due to the magnetic torque T. The
driving force F and torque T received by the robot can be
obtained by equations. (1) and (2).

F=V(M:«V)xB (1)

T=VMxB 2)
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where, B is magnetic flux density, M is the magnetization of
the magnet and V is the volume of the magnet[23].

When the frequency of the three-axis Helmholtz coil is
between 12Hz and 14Hz, when the voltage rises to 15V, the
moving magnet inside the robot will be rotated by the external
influence, which is at the same end of the same magnetic pole,
forcing the magnetic lock of the robot. Released, the drug
store opened. When the frequency of the three-axis Helmholtz
coil is between 12Hz and 14Hz, when the voltage rises to 15V,
the moving magnet inside the robot will be rotated by the
external influence, which is at the same end of the same
magnetic pole, forcing the magnetic lock of the robot.
Released, the drug store opened. The repulsive force between
the two magnets is as shown in equation 3.
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Where F1 is the attraction between magnets; a is the
correction factor, usually a=3~5, taking the large value when
the clearance is large, and the interval is small; Bq is
magnetization of permanent magnet; Aq is the magnetic field
area of permanent magnet; Lq is the gap between two
permanent magnets[24].

Fi1= 3)

III. DESIGN AND ANALYSIS OF MEDICINE BIN

The drug compartment is the most important part of the
whole drug delivery robot. In order to ensure the accuracy of
the drug delivery, it is necessary to have an accurate
calculation of the thrust and the speed of drug ejection.

A. The design of the medicine bin

In this section, our team added a piston device inside the
medicine bin. This device acts as a force transfer device, and
the resultant force of the spring and the attraction between
magnets is used as the thrust to transfer to the interface of the
drug. The process and structure of the drug release are shown
in Fig 4.
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Fig. 2. Small parts of the robot structure
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Fig.3. The size of the 3D printing robot model

Fig3.(a) shows the initial state of the internal drug
compartment of the robot. The drug is sealed in the capsule by
a magnetic lock. At this point, the spring is in compression
and locked. Fig.(b) shows the robot at an external magnetic
field frequency of 13 Hz. The movable magnetic ring rotates
and the magnetic lock is released. Fig.(c) shows the process of
generating thrust during drug release. At the same time, the
magnetic lock release is to push a part of the drug library to
leave a space for the iron plate at the end of the drug store to
rotate. Fig.(d) shows the internal state of the drug chamber
after drug release. At the same time, the spring is in a fully
released state, the iron plate is also close to the magnet, and
the piston is at the bottom of the medicine box. Fig.(e) shows
the thrust generated during the robot closing process.

B.  Simulation analysis of the medicine bin

In order to better analyse the relationship between the
force received by the drug and the speed of drug release, our
team carried out fluid simulation analysis with FLUENT
software in the medicine warehouse.
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(e) The state of drug released
completely

Fig. 4. The drug release process and structure
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Fig.5. The model of drug spray speed

According to the elastic force equation (4) and the
magnet attraction equation (3), the force acting on the piston
surface of the charge can be calculated, and then the force can
be converted into the applied pressure through the pressure
according to equation (6).

Fp=—kx “)
Fp=F1+F2 )
P:F% ©6)

Where F2 is the elastic force of the spring, k is the spring
coefficient; Fp is the total thrust; S is the interface area of the
hopper.

According to the pressure calculated by the formula
shows above, and the actual measured pressure is 77.8 mm Hg
in the experiment. We conducted a simulation on the part of
the cartridge through Fluent, and carried out three-dimensional
analysis. The results are shown in Fig.5.

As can be seen in Fig.5, the drug outlet has a maximum
speed of 1.8m/s and an average speed of 0.9m/s. Assuming
that the resistance to drug release is its own gravity, the robot
can release the drug at that rate across the damaged section.



IV. EXPERIMENTS AND RESULTS

Before this robot, our team made a capsule robot with a
video transmission module. This experiment was carried out
on the basis of a diagnostic module robot. The position of the
lesion was determined by image acquisition, and the drug was
released using this robot. As shown in Fig. 6, this is the
process in which two robots work together. The robot for
image acquisition starts to check until the lesion position is
found, then controls the robot to move forward for a distance,
and then changes the frequency to stop the robot. Since the
speed of motion is known, this distance can be calculated
based on the calculation. Next, the drug delivery robot enters
and operates, and when it reaches the lesion site, the magnetic
lock is opened for targeted local administration. The last two
robots work together. In this article, we focus on targeted drug
delivery robots, so there is only one robot in the experiment.

The experiment was carried out in acrylic tubes and did
not completely mimic the internal environment of the
intestinal tract. If we want to completely simulate the internal
environment of the intestinal tract, we need to add peristaltic
pump in the outside to simulate the peristalsis of the intestinal
tract. In order to accurately realize the positioning, no
peristalsis is added in the outside. In the future, peristalsis will
be added for experiments. The experimental platform is shown
in Fig.7.

A. Movement Experiments

The experiment was performed outside the human body,
and the robot was placed in a water-filled catheter that was
driven in the catheter by a three-axis Helmholtz coil.
Depending on the motion characteristics of the robot, the robot
can be moved by supplying sinusoidal alternating current to
the Helmholtz coils through the power supply. In this
experiment, it is necessary to measure the relationship
between the motion of the robot and the frequency. The
movement speed of the robots was measured every 0.5 Hz
from 0 Hz to 16 Hz of the frequency of currents. Fig.8
compares the experimental data of the robot moved forward
and backward.

The experimental results are shown in Fig.7. The
comparison experiments were carried out on the presence or
absence of iron sheets inside the robot. It can be seen from the
figure that the presence or absence of iron sheets has little
effect on the motion of the robot. There is a partial speed drop
between 12 Hz and 14 Hz because the magnetic lock is
unlocked at this frequency and the robot is moving in the state
of administration. In the low frequency range, the torque
received by the magnet is too small to cancel the resistance; in
the high frequency range, the frequency changes too fast and
the robot cannot keep up. Therefore, robots cannot move in
both low and high frequency bands.

B. Drug Release Experiment of Robots

Finally, this experiment proves the feasibility of this
structure. In order to make the effect obviously, the
experimental environment is placed in an environment without
creep. During the experiment, blood powder will be simulated
as a drug. The simulated blood powder will stain the red water

as long as it encounters water. The experimental process is
shown in Fig.9.
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Fig.6 The schematic diagram of diagnostic robot and drug delivery robot
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Fig. 8. The speed of robots as a function of the

The robot starts moving in the first second, and the robot
is still moving toward the lesion in the third second. Until the
robot reaches the lesion position until the 5th second, the
control handle changes the frequency of the power supply to
unlock the magnetic lock, and the medicine in the robotic
pharmacy is ejected, and the water turns red. In the next 10
seconds, the robot moves back and forth in the lesion area and
continues to spray until the drug is sprayed. Starting from the
19th second, the power frequency is changed again, and the
robot is closed and continues to move. At the 22nd second, the
robot moved to the top and the experiment ended.

V. CONCLUSIONS

This paper proposed a robot with autonomous movement
ability for drug delivery in the lesion area. The 3D Models
were designed through the software—SolidWorks and
fabricated by 3D printer. And then, through the analysis of
Fluent, the relationship between the thrust and the speed of the
drug ejected from the drug outlet is obtained, thereby
obtaining the speed of the drug mouth.

Finally, the robot can realize autonomous motion under
the driving of the three-axis Helmholtz coil, and the iron piece
in the cabin has no effect on the robot motion were verified by
experiments. The robot reached the fastest speed at 17.5Hz,
the fastest forward speed is 22.32mm/s, and the fastest
backward speed is 16.86mmy/s. Since the robot head has a
structure that reduces drag, this speed difference is within a
reasonable range. The drug release experiment proved the

rationality of this structure, and it was able to squeeze the drug
to the outside by thrust.

In the future, we will carry out experiments “In Vivo” by
using proposed capsule robot with drug delivery module.
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