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Abstract Colorectal cancer is the third most common cancer in the world, which is a serious threat to 

human health. Endoscopy is the most effective way to screen colorectal cancer. However, it is very 

difficult to design a robot that can move in a complex colon. Soft robots can adapt to a variety of 

unstructured environments, and their interaction with humans is more secure. This paper presents a 

novel differential-drive caterpillar-based robot for colonoscopy, which is expanded by an airbag. 

Combining the advantages of the soft robot and the wheeled robot, the robot has both the flexibility of 

the former and the rapidity of the latter. The size of the robot in the contraction state is only 

ϕ28mm 35mm and the length of traction module is only 28mm. The robot can be expanded to a 

diameter of 50mm and has a maximum speed of 5mm/s. The design concept of the robot and its 

traction module are described in detail. To ensure the stable movement of robot, the controlled output 

force of the robot caterpillar track is tested by experiments. In addition, the robot is placed in a curved 

bellow to move, and its motion validity is verified. 

 

Keywords  soft robot, wheeled robot, colonoscopy, force control 

 

1 Introduction 

Colorectal cancer ranks third among the most commonly diagnosed cancers in the world, which is 

seriously harmful to human health [1]. Because of its unique advantages, endoscopy is the main 

diagnostic method of colorectal cancer [2]. Flexible colonoscopy is the most widely used, which can 

clearly see the focus and can perform biopsy operations or even surgeries. However, for doctors, 

colonoscopy is a challenging operation, which may be related to low completion rate, serious 

complications and unpleasant experience of patients. And it also often causes some problems, such as 

bleeding, perforation, incomplete examination, failure in inserting the endoscopy and other risks. 

Capsule endoscopy is a new technology in recent years [3]. Although the examination process is 

noninvasive and painless, it can not stay in the intestine, and the detection rate in the colon segment is 

low, and the price is expensive. It can not be used in large-scale clinical practice, nor can it carry out 

biopsy operation. 

In view of the above problems, many research institutions in the world have carried out innovative 

colon inspection research, and the research focus is mainly on the new active motion endoscope and 

intelligent diagnosis. Especially the former, a lot of useful modes of motion have been carried out, such 

as caterpillar track or wheel type [4-9], legged type [10-11], barb type [12-14], inchworm type [15-20], 

peristaltic type [21-22] and other methods [23-26]. However, due to the difficulty of miniaturization 

design and harsh application situation, there is no active-locomotion endoscopy in clinical application. 

But even so, soft robot is the most promising application in colon inspection. 

In recent years, due to safety of flexible structure, soft robot has attracted the attention of many 

researchers. Using double inflated balloon and imitating inchworm Luigi Manfredi developed an active 

motility colonoscope, which showed good motility [15]. However, the inchworm robot’s movement is 
intermittent, and due to the scalability and mucosity of the intestine, its forward efficiency is relatively 

low. According to the previous literature, wheeled robot has high efficiency. Nevertheless, the past 

wheeled or crawler colon inspection robots are mainly divided into two categories. One is a single 

motor as the driving source to drive multiple tracks [4-5]. The robot has a simple and compact structure, 
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but it has few active degrees of freedom, so it can’t turn actively and pass through the complex 

environment of colon. The other also has multiple tracks and is driven by multiple motors[6-8]. The 

robot can turn and even unfold to adapt to the size of the intestine. However, the mechanical structure 

of this kind of robot is complex and usually has a large size. 

The concept of zero-volume actuation is very suitable for the compact design of robot. According to 

this, R. F. Natividad designed a caterpillar robot with compact structure [27]. Wyatt Felt designed and 

manufactured a pneumatic bending actuator with excellent performance by using folded tube [28]. 

Based on the concept of zero-volume actuation, this paper proposes a caterpillar-based capsule robot 

expanded by an airbag for colonoscopy. The robot is driven by three independent traction modules, and 

each traction module is driven by one motor which drives the worm gears. The three traction modules 

can be driven by a constrained airbag expansion to adapt to the changing intestinal diameter. So this 

robot has both the safety of flexible robots and the high efficiency of wheeled robots. This article 

describes the design concept and details of the robot. The kinematics model and the statics model based 

on empirical data is established. They are used to control the motion and the output force of the robot, 

and good force control effect is obtained. The robot can move forward and turn in a curved bellows. 

The contributions of this paper are as follows. 

(1) A novel capsule robot for colonoscopy is proposed, which has not only the flexibility of a soft 

robot, but also the speed of a wheeled robot. 

(2) The output force of the robot caterpillar tracks can be controlled in a certain range based on the 

established statics model, which can ensure the safety and stability of the robot. 

(3) The motion effectiveness of the robot is verified in a curved bellows. And its speed and traction 

force meet the requirements. 

 

2 Robot system 

 

2.1 Design considerations 

The human colon consists of five parts: ascending colon, transverse colon, descending colon, 

sigmoid colon, rectum and cecum [29]. Its diameter is between 3.32cm and 4.91cm, and its length is 

about 129.54cm. The colon not only has a variable diameter, but also has several large angle bends. In 

addition, the inner surface of the colon is slippery and has many folds. So the robot should have enough 

dexterity. Specifically, the robot should have four degrees of freedom: forward and backward along the 

intestinal center line, turn around two directions orthogonal to the forward direction, and expand to 

adapt to the size of the intestinal tract. The inner wall of the colon is soft and fragile. Accidents may 

occur in common colonoscopy operation, such as bleeding and perforation. Therefore, we should 

ensure that the robot has certain safety, sharp parts can not be exposed, and the force between robot and 

intestinal wall should be kept in a certain range. A colonoscopy operation takes about 20 to 30 minutes, 

and it takes about 8 minutes to pass through the entire colon [30,31]. Hence the forward speed of 

colonoscopy robot should not be lower than that of conventional colonoscopy. The conventional 

colonoscopy also has the functions of lighting, water insufflation and gas insufflation, biopsy and so on. 

Consequently, the robot should have these functions as far as possible. In addition to the above 

requirements, the design and manufacture of robots should also consider the cost, because the high 

price will make people with poor economic conditions unable to bear. 
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Fig. 1  Three ABAQUS simulation diagrams of the designed airbag with the internal pressure from small to large 

(-5kPa to 30kPa). 

 

2.2 Design of the robot 

High-efficiency wheeled robot for colon inspection must have four active degrees of freedom, 

namely one forward and backward, two steering degrees of freedom and one expansion. There are 

many ways to achieve this goal. Pure machinery is one method. However, it is difficult to miniaturize 

because of its high cost. And strain gauges are needed to detect the contact force between robot and 

intestinal wall. The airbag can be driven by zero volume and has good safety. The force between robot 

and intestinal wall can be easily adjusted by air pressure and air volume. Therefore, the use of airbag 

expansion to drive three traction modules to adapt to different intestinal diameters can have both the 

efficiency of caterpillar-track robot and the safety of airbag to a certain extent. However, the airbag and 

traction module can not be directly combined, and the relative position of the three traction modules 

should meet the following requirements. 

(1) The three traction modules should be symmetrically arranged around the circumference with an 

interval of 120 degrees. 

(2) The airbag should not contact with the intestinal wall as far as possible, otherwise the airbag and 

the colon will produce friction, which is not conducive to the robot to move forward. 

(3) The airbag should also be expandable to increase the deployment diameter of the robot.  

Fig.1 show the ABAQUS simulation diagram of the airbag (the air pressure is from -5kPa to 30kPa). 

The airbag is between the three rods and is bonded with them. In this way, the above three goals can be 

basically achieved. The 3D model of the robot is shown in Fig. 2(a). Three traction modules are bonded 

around the airbag. The robot is driven by differential speed like a tank, that is, it can move forward and 

turn by the speed difference of three tracks. The robot can walk along the colon and turn without the 

limitation of minimum radius of turning. The robot can adapt to different intestinal diameters by using 

the balloon expansion. 
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Fig. 2  3D model of the robot. (a) 3D model of the robot in expanded state. (b) 3D model of traction module. 

 

2.3 Design of the traction module 

 

Table 1  Parameters of candidate motors 

Gearhead 

ratio 

Runaway 

speed(rpm) 

Stall torque 

(N mm) 
Length(mm) 

700 47 46.12 21.1 

136 240 28.57 18.7 

26 1200 5.61 16.4 

 

For this scheme, the motor should be parallel to the robot axis. Therefore, there is a 90◦ power 

conversion from the motor to the track wheel. It can be seen from Fig. 2(a) that the size of the traction 

module should gradually increase away from the axis of the robot. Worm gear can achieve this purpose, 

and it is compact, very suitable for miniaturization design and has large transmission ratio. The 6mm 

diameter micromotors are used as the power source. There are 3 specifications, as shown in Table I. 

For routine colonoscopy operation, colonoscopy needs to take 8 minutes to go through the whole colon 

under the doctor’s operation. Therefore, the speed of the robot should not be lower than this speed, i.e. 

2.7mm/s. Considering that the robot needs to adjust and stay in the process of moving forward, the 

speed of the robot should be greater than 3mm/s. As shown in the Fig. 2(b), the traction module should 

be compact as far as possible, that is, the size should be as small as possible. The motor drives two 

track wheels in single traction module. The outer diameter of the timing belt pulley is 3mm, the 

thickness of the timing belt is 1mm, and the part contacting the intestinal wall has a strip pattern with 

the height of 0.2mm. The driving wheel and driven wheel are printed in 3D, and the spur gear is in the 

middle of the driving wheels. And the spur gear and driving wheel are integrated. The two driven 

wheels are thick at both ends and thin in the middle. The middle part is semicircular to prevent 

interference with the motor, and the middle part can also contact with the intestinal wall to provide 

certain traction force. Due to the accuracy limitation of 3D printing, in order to ensure the strength of 

worm gear teeth, the module of worm gear is 0.5mm, the number of teeth is 8 and the number of worm 

leads is 1. So the speed of the track can be calculated by the following formula. 

 

 r
N


 max

max
                                                           (1) 

 

Where 
max

 is the maximum speed of caterpillar track, 
max

 is the runaway speed of motor, N  is the 

reduction ratio of worm gears and r  is the radius of track wheel(including track). In Table 1, the 
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following two types of motors can meet the speed requirements, but in order to ensure that the robot 

has enough traction, the motor with 136 gearhead ratio is chosen. The final robot prototype is shown in 

Fig. 3. The dimensions of each part of the robot are shown in table 2. The overall length of the robot is 

35mm, and its diameter is 28mm under contraction state. The robot can reach a diameter of more than 

50 mm after the airbag is inflated. Although the robot’s traction module has a lot of mechanical parts, 

the weight of the robot is only 14g. In addition, the three rods in the restraint frame can be hollow and 

the tubes for water insufflation and gas insufflation, biopsy forceps and cable can be placed in them. 

 

 
Fig. 3  Prototype of the robot. (a) Prototype in contraction state (the diameter is 28mm). (b) Prototype in expanded 

state (the diameter is 50mm). 

 

Table 2  Specifications of the fabricated robot 

Parameter Dimension(mm) 

Length of the robot 35 

Maximum diameter of robot 50 

Minimum diameter of robot 28 

Length of the traction module 28 

Width of the traction module 14 

Thickness of the caterpillar track 1 

Width of the caterpillar track 2.5 

Diameter of the track wheel 3 

Diameter of worm gear 6 

Modulus of spur gear 0.5 

Number of teeth of spur gear 8 

 

3  Output Force Control of The Robot 

 

 
Fig. 4  The axial cross-sectional diagram of the robot. 

 

The output force between the robot track and the intestinal wall needs to be controlled within a 

certain range. If the output force is too large, the air pressure inside the airbag is too high and the airbag 

is easy to break. Or the force on the intestinal wall is too large and it will cause damage to the intestinal 
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tract. If the output force is too small, the robot cannot obtain enough traction force. Next, the statics 

model and the kinematics model of the airbag will be derived to control the motion and output force of 

the robot. 

 

3.1  Modelling of kinematics 

Kinematics is the basis of robot motion control. For a tracked robot moving in a three-dimensional 

curved pipeline environment, it has to move forward or backward along the intestinal centerline, and 

also needs to turn around two axes orthogonal to the tangent of the intestinal axis. In addition, the robot 

also needs to change its diameter with the change of intestinal diameter. Fig. 4 is the axial cross-

sectional diagram of the robot moving in the pipeline. There is a fixed coordinate system {xyz}  on the 

robot, in which the z  axis is on the centerline of the robot. 
i

T (i=1, 2, 3) is the contact center point 

between the ith(i=1, 2, 3)  track module and the intestinal wall on the xcy  plane, where 
1

T  is on the 

x axis. Several assumptions need to be made. 

1) The intestine is regarded as a circular tube.  

2) The three track modules are evenly distributed at 120 degrees along the intestinal wall.  

3) There is no relative sliding between the track and the intestinal wall.  

The velocity of each track module relative to the intestinal wall is i
 (i=1, 2, 3). In practice, the three 

velocities coexist with different values. To obtain the contribution of the velocity of each track module 

to the velocity of the robot, we take the first track module as an example. It is assumed that the 

velocities of the other two track modules are both zero. 1
  will make the robot rotate around 2 3

T T with 

an angular velocity 1
 . According to the geometric relationship, it is easy to obtain: 

 

1

1
=

0.75d


                                                                   (2) 

 

where d  is the diameter of the robot. The components of angular velocity vector 1
  on x axis and 

y axis are respectively 

 

1

1

1y

=0

=
0.75

x

d





                                                                (3) 

 

Similarly, the velocities of the other two track modules will make the robot rotate around 1 3
T T  and 

1 2
T T . The components of the angular velocity vectors 2

 and 3
  on x axis and y axis are respectively 

 

2

2

2

2

3

3

3

3

3
=

1.5

=
1.5

3
=

1.5

=
1.5







x

y

x

y

d

d

d

d













                                                              (4) 

 

i
  also makes the robot center have a velocity 

cz
 along the z  axis, which satisfies 

 

3
 i

cz


                                                                           (5) 
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Thus, according to the superposition principle, the components of the angular velocity of the robot on 

the x-axis and Y-axis and the central velocity are 

 

32
33

1.5 1.5
  

x
d d


                                                               (6) 

31 2
2

=
1.5 1.5 1.5

 
y

d d d

 
                                                            (7) 

1 2 3

1
= ( )

3
 

cz
                                                                    (8) 

 

Then the relationship between the input velocity of the robot  1 2 3
 T

in
    and the velocity 

output of the robot 
out

=   
T

x y cz
    is 

 

out

out
=   in in

G                                                                      (9) 

 

where 

 

out

3 3
0

1.5 1.5

2 1 1

1.5 1.5 1.5

1 1 1

3 3 3

 
 

 
       
 
 
 
 

in

d d

G
d d d

                                                      (10) 

 

If the desired speed output of the robot is given, the speed input of the robot should be 

 

1
out=


  in in out
G                                                                    (11) 

 

It should be noted that the diameter of the robot d  is not determined by the robot. The diameter of 

the robot is constrained by the size of the intestine. The diameter of the robot should be estimated 

according to the air pressure and volume in the airbag. Next, the estimation method of robot diameter is 

described in detail. 

 

3.2  Modelling of statistics 

From the view of the mechanism, we should set up a more practicable model for easy and effective 

realization. For a balloon in the intestinal tract with varying diameter, the contact force between the 

balloon and the intestine is not only related to the air pressure in the balloon, but also to the inflation 

volume of the balloon [32]. The robot proposed here is similar to it. In order to make the track output 

constant force, it is necessary to establish the mechanical model of the robot. As shown in Fig. 5(a) and 

Fig. 6(a), the airbag of the robot is connected with the cylinder through the air tube, and the air in these 

three is isolated from the outside, so the ideal gas law is satisfied. 

 

=PV nRT                                                                (12) 

 

Where P  is the air pressure inside the air cylinder, air tube and airbag. Although the air pressure inside 

them will be different in practice, it is assumed that the internal pressure of the three is the same. n  is 
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the mole number of gas, R  is the gas constant and T  is the temperature in the system, which can be 

regarded as a constant. V  is the sum of internal air volumes of the air cylinder, air tube and airbag. 

 

c
=  

t a
V V V V                                                                   (13) 

 

Here 
c

V  is the air volume in the cylinder, 
t

V  is the air volume in the whole connecting pipe (constant), 

a
V  is the air volume in the airbag. The volume of air in the cylinder can be obtained by the product of 

piston displacement and piston cross-sectional area. The air volume in the airbag is related to the 

diameter and air pressure of the robot. The diameter of a robot is the diameter of the smallest circle that 

can surround all parts of the robot. This can be understood as follows. When the robot is in a pipe, all 

three groups of tracks contact the inner wall of the pipe. At this time, if the air pressure is increased, the 

airbag will continue to expand, that is, the air volume in the airbag will become larger. The larger the 

pipe diameter, the larger the air volume in the airbag. Therefore, 
a

V  is a function of pressure P  and 

pipe diameter d . 

 

 
Fig. 5  Static test of the robot. (a) Schematic diagram of experimental setup. (b1) The relationship between air 

pressure in airbag and air volume in cylinder in different pipes. (b2) The relationship between output force of 

caterpillar tracks and air volume in cylinder in different pipes. 

 

1
= ( , )

a
fV P d                                                                     (14) 

 

By combining Equation(12), (13) and (14), we can get the following results: 

 

1
[ ( , )]   

c t
P V V f P d nRT                                                        (15) 

 

Then P  is the function of 
c

V  and d . 

 

2 c
= ( , )P f V d                                                                      (16) 

 

Similarly, the higher the air pressure in the airbag, the greater the output force of the track. The output 

force of the caterpillar track is perpendicular to the axis of the robot. The larger the pipe diameter, the 

smaller the output force, or even zero. So the output force F  is also a function of pressure P  and pipe 

diameter d . 

 

3
= ( , )F f P d                                                                       (17) 

 

It can be seen by substituting the (16) into (17) that F  is a function of c
V  and d , so 

 

4
( ),

c
F f V d                                                                      (18) 
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Fig. 6  The test system of the robot. (a) The whole test platform of robot. (b) Output force test bench. (c) Control 

hardware of robot. 

 

3.2  Characteristics of the robot 

It is difficult to get accurate expressions of the above two formulas (6) and (8) through theoretical 

derivation, but we can get enough accurate expressions through experimental data. As shown in Fig. 

5(a) and Fig. 6(b), each 3D-printed pipe is divided into two parts, one half of which is fixed and the 

other half is fixedly connected with a long plate. The long plate passes through the rows of pulleys 

through the up, down, left and right sides, one end of which is against the force sensor. In this way, the 

output force of a single track can be measured. The friction force between the long plate and the 

pulleys is about 0.035 N, which has negligible influence on the experimental results. When the robot is 

placed in pipes of different diameters, the air volume in the cylinder is changed, and the pressure curve 

is shown in Fig. 5(b1). It can be seen from the figure that the air pressure and the air volume in the 

cylinder meet a certain linearity. And the parallelism of the five relation lines is higher. Similarly, the 

output positive pressure of the track is shown in Fig. 5(b2). The output force of the track is related to 

the air pressure in the airbag and the actual contact area between the track and the airbag. When the air 

pressure reaches a certain value, the actual contact area between the air bag and the airbag almost does 

not change, and the output force of the track is only related to the air pressure. Therefore, when the air 

pressure is high, the linearity between the output force and the air in the cylinder is also high. Because 

the larger the diameter of the pipe is, the smaller the actual contact area between the traction module 

and the airbag, and the air pressure also needs to overcome the elastic force of the airbag itself, so the 

output force of the track obviously decreases. 

With so many data mentioned above, polynomial can be used to fit the relationship between P , c
V , 

d  and F , c
V , d . In fact, it is necessary to estimate the current diameter of the robot first, because it is 

of great significance to the motion control of the robot and affects the turning angular velocity of the 

robot. Therefore, the function of d  with respect to P  and c
V  need to be fit. 

 

= ( , )
c

d g P V                                                                       (19) 

 

The fitting principle is as follows. 
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1 1

1 1

( , )  

 


p q
i j

ij
i j

f x y a x y                                                        (20) 

 

1 1 2

11
1 1 1

( , , ) ( ) 

  
  L

p qn
i j

pq g ij g
g i j

s a a w a x y z                                            (21) 

 

Where ( , )f x y  is the fitted function, 
ij

a  is the coefficient before each term in a polynomial, 
g

w  is 

weighting coefficient (can be set as 1 here) and 
g

z  is the function value of the actual data point. The 

purpose is to find a set of coefficients 
11

( , , )L
pq

a a  to minimize the function s . The above process can 

be easily obtained by MATLAB. The final result is that the third order can fit the mathematical 

relationship of the three accurately. After estimating the diameter of the robot, and then according to 

the set value of the output force of the robot track, 
c

V  can be calculated, that is, where the piston should 

be. Therefore, it is necessary to fit the functional relationship of 
c

V  on F  and d . 

 

( , )
c

V h F d                                                                    (22) 

 

Similarly, using MATLAB to get d  for the third order, F  for the second order, we can accurately fit 

the function relationship. 

 

 

Fig. 7  Control algorithm of robot output force. 

 

3.3  Control Method 

The forward speed of the robot is slow, so the diameter of the robot changes slowly. The expansion 

of the robot airbag can be regarded as a quasi-static process, that is, the air pressure in the airbag is the 

same as that in the cylinder. Therefore, the statics model mentioned above can be used as the control 

basis of the robot. The volume of air in the cylinder is the only quantity that can be directly controlled. 

In addition, there is the feedback quantity of air pressure. Firstly, the diameter of the robot is estimated 

according to the formula (9), and then according to the estimated diameter and the set value of the 

robot track output force, the air volume in the cylinder can be obtained by using the formula (12). The 

control law is shown in Fig. 7, in which the stroke of linear actuator is controlled by PID. The error 

between the force set value and the estimated value is converted into the ideal position and enters the 

position control loop. The control frequency of PID inner loop is far greater than that of outer loop. 

 

4  Experiments 

 

4.1  Effect of force control 
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Fig. 8  Output force control of the robot. (a) Schematic diagram of a pipe for experimental testing with changing 

diameters. (b) The estimated pipe diameter and the actual output force of the track during the experiment. 

 

In order to test the effect of force control, a pipe with variable diameter is selected to test the force 

control performance of the robot. As shown in Fig. 6(b) and Fig. 8(a), the pipe (the one on the bench in 

Fig. 6(b)) is 200mm long, which is divided into 5 sections, equal diameter sections of 35mm, 40mm 

and 45mm, and two transition sections connecting the three. The installation method is similar to the 

statics experiment. The robot runs from one end of the pipe to the other. Since the forward speed of the 

robot can not be guaranteed to be constant, it is impossible to know the state of the robot at a specific 

point in the pipeline. However, the whole running time of the robot can be measured. According to the 

[7], the output force of the track of the robot should be greater than 0.66N. In this experiment, the value 

is set to 2N. In this process, according to the air volume and air pressure state in the cylinder, the 

estimated pipe diameter of the controller is shown in Fig. 8(b). It can be seen that the estimation error 

of the three equal diameter pipe sections is less than 1mm, and the estimation effect of the two 

transition sections is also very optimistic. Similarly, during this period, the robot track output force 

measured by the force sensor is also shown in Fig. 8(b), and the actual maximum error is about 0.4N. 

The main causes of the error are as follows. 

(1) The mechanical model is not accurate enough. 

(2) The whole process is not completely quasi-static, that is, the air pressure in the air bag and the 

cylinder is different. 

(3) In the process of robot movement, the measured track is not always aligned with the force sensor. 

That is, the force sensor measures the component force of the track output force. 

In short, open-loop control is not as accurate and the actual output force of the robot measured is not 

so accurate. However, the control effect of track output positive pressure is still acceptable.  

 

4.2  Motion of the robot 

 

In order to prove the feasibility of the robot structure,firstly the robot’s forward speed was tested, 

and then the robot’s forward and turning ability in the curved bellows were verified. Fig. 6(c) shows 

the control hardware of the robot, including a controller, a motor driver, a joystick (and cylinder system 

in Fig. 6(a)). As shown in Fig. 9(a), the robot was placed in a soft silicone tube with a inner diameter of 

40mm. It took about 60s for the robot to move forward a distance of 300mm, with an average speed of 

5mm/s, meeting the requirements mentioned previously. Also in this soft silicone tube, the traction 
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force of the robot was tested. In fact, the traction force is related to the static friction coefficient and the 

normal force between the track and the pipe wall, as well as the power of the robot itself. During the 

test, the maximum traction force of the robot was 3.3N which is greater than the required traction force 

in [7]. When the maximum traction force was reached, the track had slipped, indicating that the robot’s 
power is more than that.  

Next, a bellows with an inner diameter of 40m and an outer diameter of 50mm was used to verify the 

robot’s forward and turning ability. As shown in Fig. 9(b1)-(b6), the minimum radius of curvature of 

the bellows axis is 55mm. The experimental results showed that the robot can move forward and turn in 

the curved bellows. It took about 95 seconds for robot to move forward 350mm, and the robot 

successfully went through the turning corner and continued to move forward. It is worth mentioning 

that even if the robot was not steered in this process, the robot could move forward and turn adaptively. 

 

 
Fig. 9  Experiment of robot locomotion (a) The robot moving in soft silicone tube. (b1)- (b6) Video captures of 

robot moving in curved bellows. 

 

 5 Conclusion 

 

This paper introduces a new type of multi degrees of freedom colon inspection robot which is 

expanded by airbag. A simple and reliable frame was used to constrain the airbag to keep the robot 

symmetrical. The whole colon inspection robot is compact and flexible. In addition, the quasi-static 

mechanical modeling and testing of the robot has been carried out. Taking the statics model fitted by 

the experimental data as the control basis, the good control effect of the robot track output force was 

acquired. The traction force and forward speed of the robot were tested by experiments. Moreover, the 
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forward and turning ability of the robot was verified in the bending bellows. The results showed that 

the overall performance of the robot is good. 

The future work will focus on the motion experiments of the robot in colon model and in vitro 

animal colon to verify the feasibility of the robot. The driving motor in the proposed robot will be 

replaced by a 4mm-diameter micromotor. This will make it smaller, easier to pass through the anus the 

narrow sections of colon. After the completion of these, we will focus on the integration of robot 

functional devices, such as camera module, waterjet and gas insufflation module and biopsy module. 
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