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Abstract
The aim of this work is to design and model a novel modular bionic soft robot for crawling and crossing obstacles.
The modular bionic soft robot is composed of several serial driving soft modules, each module is composed of two
parallel soft actuators. By analyzing the influence of working pressure and manufacturing size on the stiffness of
the modular bionic soft robot, the nonlinear variable stiffness model of the modular bionic soft robot is established.
Based on this model, the spatial states and design parameters of the modular bionic soft robot are discussed when
the modular bionic soft robot can pass through the obstacle. Experiments show that when the inflation air pressure
of the modular bionic soft robot is 70 kPa, its speed can reach 7.89 mm/s and the height of obstacles passed by it
can reach 42.8 mm. The feasibility of the proposed modular bionic soft robot and nonlinear variable stiffness model
is verified by locomotion experiments.

1. Introduction
Soft robots are made of flexible materials, which can arbitrarily change their shapes and sizes in a
wide range. They have infinite degrees of freedom so that theirs end effector can reach any point in
the workspace in theory [1]. Soft robots have excellent environmental adaptability and flexibility which
allow them to pass through obstacles by passive deforming and move forward in different shapes by
active deforming. They can imitate the locomotion pattern of animals to reach the harsh environment to
expand the field of human exploration. Because of the above advantages, they have broad applications
in the fields of reconnaissance, detection, rescue and medical treatment.

In recent studies, various soft robots have been developed [2–5]. Most soft robots are inspired by
natural creatures, including creeping (earthworm-like) [6], crawling (inchworm-like) [7], multi-legged
(dog-like) [8] and swimming (fish-like) [9]. Kim et al. develop a bionic turtle-like robot with an intel-
ligent soft combination structure [10]. Hubbard et al. apply ionic polymer-metal composite (IPMC) to
biomimetic swimming robotic fish to drive its pectoral and caudal fins [11]. Nakamaru et al. develop
a bionic robot with the inchworm-like locomotion pattern using the gel as material [12]. The robot
uses the driving characteristic of the B-Z chemical reaction to move through self-oscillation. Pang et al.
develop a modular soft robot which is composed of four deformable silicone rubber units [13]. It can
crawl through the transformation between different modules.

The soft crawling robot is an important part of soft robots, which can be applied to complex and
changeable terrain [14]. In nature, most creatures can store elastic potential energy through their soft
muscles and skins [15]. In this way, soft crawling robots can better adapt to different environments.
Shepherd et al. develop an inflatable peristaltic soft robot that can turn and crawl by changing the rhythm
of different parts of the body [16]. Wang et al. design a shape memory alloy (SMA)-driven soft robot
inspired by inchworms. The robot has a novel structure and consists of three functional components. It
can achieve bidirectional linear and rotational locomotion [17].

C© The Author(s), 2022. Published by Cambridge University Press.

https://doi.org/10.1017/S0263574721001867 Published online by Cambridge University Press

https://doi.org/10.1017/S0263574721001867
https://doi.org/10.1017/S0263574721001867


2652 Zhaoyu Liu et al.

Figure 1. The spatial view of the modular bionic soft robot.

In the locomotion process of soft crawling robots, sometimes they need to pass through some narrow
channels. For rigid crawling robots, they can avoid obstacles by changing their shapes [18–20]. For the
soft crawling robots, it is a good idea to change the stiffness of their own structures to avoid obstacles
[21]. At present, the research on the variable stiffness of soft robots is mainly focused on soft grippers
[22–28]. The stiffness of the gripper is controlled by adding the variable stiffness control layer to improve
the grasping ability. Li et al. design a gripper based on a novel passive particle interference principle
[29]. When the pressure changes from 20 kPa to 80 kPa, the stiffness can be increased more than sixfold.
However, the concept of variable stiffness is rarely mentioned in the research of soft crawling robots.
This paper proposes a method to combine the soft crawling robot with variable stiffness technology to
realize the obstacle avoidance locomotion of the soft crawling robot.

In this study, a novel modular bionic soft robot is designed, which consists of three driving modules
in series. Unlike previous soft crawling robots, the proposed modular bionic soft robot uses a modular
design to improve the speed and controllability of the robot. A stiffness-tunable model of the modu-
lar bionic soft robot is established with mechanical analysis. By changing the working pressure and
manufacturing size of the modular bionic soft robot, the robot has the best stiffness.

2. Design and modeling
This section introduces the parameter selection and structure of the soft actuator of the modular
bionic soft robot. The analysis of the nonlinear deformation characteristics of the soft actuator is also
introduced.

2.1. Design of soft actuators
The main body of the modular bionic soft robot in Fig. 1 is made of silicone rubber. The whole robot
consists of three driving modules, each of which is divided into four parts: two soft actuators juxtaposed
above, a top elastomer layer, a bottom elastomer layer and the strain limiting layer located in the middle
[30]. One soft actuator has 11 air chambers and each of them is connected by a tunnel located at the
bottom of the air chambers (Fig. 1). Each driving module has two air pipes, each of which is inserted
into the middle air chamber of the actuator. During inflation, the air passing through the inflatable pipe
reaches the middle air chamber of the soft actuator and then reaches each air chamber through the tunnel.
With the increase of air chamber pressure, each air chamber expands to drive the driving module to bend.
As shown in Fig. 2(b), the partition walls of chambers bulge to contact each other after inflation. The
manufacturing parameters of the air chamber are shown in Fig. 2(a) and (c) and their values are shown
in Table I. They are determined by model and experience. The establishment of the model is described
in Section 2.2.
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Table I. Manufacturing param-
eters of soft actuators.

Parameters Values
a 12 mm
b 20 mm
c 2 mm
d 2.5 mm
e 2 mm
f 4 mm
k 1 mm
m 2 mm
n 3 mm

Figure 2. Sectional view of air chambers. (a) Before inflating view and (b) after inflating view. (c) Top
sectional view.

The nonlinear deformation process of each soft actuator can be divided into four stages: (1) driving
module 1 inflates. In the initial process, since module 2 and module 3 of the modular bionic soft robot are
flat on the ground, the friction between the front and the rear of module 1 and the ground is different,
so the rear of the modular bionic soft robot is rolled forward after module 1 is inflated. (2) Driving
module 1 deflates while driving module 2 inflates. During the deflation of driving module 1, due to
the deformation and bending of the modular bionic soft robot after inflation, the rear of the modular
bionic soft robot is in inclined contact with the ground, resulting in large rear end friction, which makes
the modular bionic soft robot extend forward during the deflation process. When driving module 2 is
inflated at the same time, the rear end of driving module 2 will stretch driving module 1 forward. (3)
Driving module 3 inflates while driving module 2 deflates. The process is similar to stage 2. (4) Driving
module 3 deflates. Since driving module 1 and driving module 2 of the modular bionic soft robot are
flat on the ground, the friction between the front and the rear of driving module 3 and the ground is
different, so the front of the modular bionic soft robot extends forward when driving module 3 deflates.

During the locomotion of the modular bionic soft robot, the bottom friction of the modular bionic
soft robot is different when different modules inflate and deform. As shown in Fig. 3, the distance of the
robot moving forward in a modular bionic soft is S through the cyclic inflating and deflating behavior
of module 1, module 2 and module 3.

2.2. Analysis of nonlinear deformation characteristics
The nonlinear deformation analysis of the soft actuator is carried out to determine the variation of dis-
placement h of the expansion wall of the air chamber with the inflation pressure P. As shown in Fig. 2(a)
and (c), the cavity in the exhausted state is rectangular with a gap k. When inflated, the partition walls of
the air chamber expand and contact each other, as shown in Fig. 2(b). We assume that the partition wall
expands into a cylindrical surface (i.e., an arc on the sectional view) and contacts each other in a tan-
gent manner. Compared with the contact wall, the deformation of the thicker top and side walls is much
smaller, so it is assumed that the chamber height b is constant during expansion. In addition, when the
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Figure 3. Locomotion process of the modular bionic soft robot in one period.

expansion is extruded by an external force, the top and side walls will protrude. Through experiments,
we have observed that the convexity of the top and side walls is much smaller than that of the contact
walls. In this study, in order to simplify the model, only the deformation of the contact wall is consid-
ered, and the deformation is h. Assuming that the silicone rubber material is incompressible (I3 = 1) and
isotropic, the deformation of silicone rubber can be analyzed by strain energy density function [31].

W = W (I1, I2, I3) (1)

where W is the strain energy density, and I1, I2 and I3 are the three invariants of the deformation
tensor. ⎧⎪⎨
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Among Eq. (2), λi is the main elongation ratio in three directions.
According to the relationship between stress and strain of silicone rubber material, the relationship

between principal stress and principal elongation ratio of silicone rubber material can be obtained:
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Among Eqs. (3) and (4), σ1, σ2 are the principal stresses in both directions of the tensile plane.
With Yeoh model, the binomial parameter form [32] of the strain energy function is

W = C1(I1 − 3) + C2(I2 − 3)2 (5)

Among Eq. (6), C1, C2are material coefficients, which are determined by tensile tests (BYES, 5000
N, 700 mm, China). According to the standard ASTMD412 and then curve fitting, which results in
C1 = 0.112 and C2 = 0.019. o is located at the center of a single air chamber as the coordinate origin,
and Y direction is the expansion direction of the air chamber wall. In the process of inflation, any point
on the air chamber wall moves in the Y direction, while the X and Z coordinates remain unchanged
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(Fig. 2(b)). The displacement of any point on the left air chamber wall is U, as shown in Eq. (8). By
integrating the left air chamber wall, the corresponding strain energy function is obtained, as shown in
Eqs. (4) and (5).

E =
∫

Wdv =
∫ c

2 +d

c
2

∫ b
2

− b
2

∫ a
2

− a
2

C1(I1 − 3) + C2(I2 − 3)

2

dxdzdy (6)

I1 = tr

[(
I + ∂(U)

∂(x, y, z)

) (
I + ∂(U)

∂(x, y, z)

)T
]

(7)

U = (
Ux, Uy, Uz

) =
(

0, hf

(
2z

a

)
f

(
2x

b
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where ν is the volume of a single left air chamber wall, I is a unit matrix and f (τ) is called the profile
function. a,b,c and d are manufacturing parameters of the air chamber (Fig. 2). According to Eqs. (6)–(8),
strain energy can be obtained.

E = 4C2
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]
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Among Eq. (9),A0, A1, B0, B1, Care constants, which are determined by function f (τ ):⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎩

A0 = ∫ 1

0
[f (τ )]4dτ

A1 = ∫ 1

0
[f ′(τ )]4dτ

B0 = ∫ 1

0
[f (τ )]2dτ

B1 = ∫ 1

0
[f ′(τ )]2dτ

C = ∫ 1

0
[f (τ )]2[f ′(τ )]2dτ

(10)

Generally, f (τ) should comply with the actual deformation of the left air chamber wall as following
conditions, f (0) = 1 , f ( − 1) = f (1) = 0 , f ′(0) = 0.

To simplify the function, we construct the function f (τ ) = 1 − τ 2. Then, the constants are calculated
according to f (τ).

By using the principle of virtual work, the expansion pressure P is connected with the maximum
displacement h, and Eq. (11) is obtained. The left side is the virtual change of the total strain energy of
the left air chamber wall with the expansion height, and the right side is the virtual work of the left air
chamber wall under the expansion pressure.

dE(h)

dh
δh = P

dV(h)

dh
δh (11)

V(h) = hab
∫ 1

0

[f (τ )]2dτ (12)

Among Eq. (12), V(h) is the increased volume inside the air chamber after inflating. Among Eqs.
(9)–(12), the relationship between the pressure P inside the air chamber and the maximum displacement
h of the air chamber expansion wall can be obtained.

P =
[

0.2340

(
a2

b2
+ b2

a2

)
+ 0.0334

]
h3d

a2b2
(13)

According to Eq. (10), the pressure P is proportional to the cubic of the deformation h of the air cham-
ber expansion wall. With the increase of the pressure in the air chamber, the expansion speed of the air
chamber slows down. The manufacturing parameters of the air chamber are shown in Table I. Parameters
a, b and d are obtained from Eq. (13). Other parameters have little influence on the deformation of
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the air chamber during inflation. Therefore, other parameters are determined by the manufacturing
requirements.

When the pressure P increases, the deformation of the air chamber increases. The bending angle of
the driving module will also increase. However, in the inflation experiment, when the pressure P exceeds
90 kPa, the structure of the driving module will be damaged. Considering the characteristics of silicone
rubber and the safety of the driving module, the air pressure of the driving module is set at 70 kPa.

3. Stiffness-tunable control
In the process of the modular bionic soft robot moving forward, the expansion and deformation height
of each driving module directly determine the maximum height of the modular bionic soft robot passing
through the narrow terrain. At the same time, the deformation height indirectly affects the motion speed
and vibration amplitude of the modular bionic soft robot, so it is necessary to study the factors affecting
the deformation height of the driving module in the process of inflation and deflation. In the locomotion
process, we divide the robot’s modules into the main motion module and the auxiliary motion module.
The main motion module is used to generate the overall motion of the robot, and the auxiliary motion
module is used to change the stiffness, space state and motion speed of the robot. For the modular bionic
soft robot, on the one hand, the deformation height of the driving module is determined by the manu-
facturing sizes and materials of the modular bionic soft robot, and on the other hand, it is determined
by the inflation pressure P of the main motion module and the inflation pressure P0 of the auxiliary
motion module. For the auxiliary motion module, the stiffness changes with the change of inflation air
pressure. In a certain range of air pressure, the stiffness of the modular bionic soft robot increases with
the increase of air pressure of the auxiliary motion module. By adjusting the pressure of the auxiliary
motion module, the height of the modular bionic soft robot can be controlled, and the modular bionic
soft robot can pass through some lower obstacles.

In order to study the change of the overall height of the modular bionic soft robot when the stiffness
of the auxiliary motion module changes, the motions of the modular bionic soft robot are classified into
Type A and Type B. Type A: module 2 is the main motion module. Type B: module 1 or module 3 is the
main motion module.

3.1. Type A: module 2 is the main motion module
When module 2 is the main motion module, the modular bionic soft robot model is shown in Fig. 4,
then the overall motion height of the modular bionic soft robot is H = h0 + h1 + h2.

It is easy to get h0 from the manufacturing parameters of a single driving module. The bending angle
φ of module 2 can be obtained in Eq. (14). Equation (14) shows that the bending angle φ is related to
the inflation pressure P of module 2.

ϕ =

2(N − 1)

⎧⎪⎪⎪⎨
⎪⎪⎪⎩ 3

√√√√√ Pa2b2

d

[
0.234

(
a2

b2
+ b2

a2

)
+ 0.0334

] − k

2

⎫⎪⎪⎪⎬
⎪⎪⎪⎭

a

2
+ c

(14)

As shown in Fig. 4(a), L is the original length of the main motion module, R is the radius of curvature
when the structure is bent and φ is the central angle after deformation.

L = (f + 2d)N + (N − 1)k + 2n = Rϕ (15)

h1 = R − R cos
ϕ

2
(16)
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Figure 4. Module 2 is the main motion module, (a) the model of the modular bionic soft robot and
(b) the actual modular bionic soft robot.

After obtaining h1, the force analysis of the auxiliary motion module 1 is carried out, as shown in
Fig. 4(b). f is the frictional force on the auxiliary motion module 1. F0 is the ground support force of the
auxiliary motion module 1. F2 is the force exerted by the main motion module on the auxiliary motion
module 1.

F2 sin θ + mg = F0 (17)

F2 cos θ = μF0 (18)

After the lifting angle θ of auxiliary motion module 1 is obtained, it is necessary to determine the
lifting height when auxiliary motion module 1 is not inflated. At the beginning of the movement, the
inflation pressure of module 2 increases, the bending angle φ of module 2 increases with the increase of
inflation pressure P, and the lifting angle θ of auxiliary motion module 1 increases from 0◦. As shown
in Fig. 5(a), the lifting height h of auxiliary motion module 1 is a piecewise function f (θ ) which varies
with the lifting angle of auxiliary motion module 1, and the expression of f (θ ) is as follows:

f (θ )1 = k sin
θ

2
+ (2d + f + n) sin θ , 0 ≤ θ ≤ π − 2cos−1 k

2a
(19)

f (θ)2 = k

[
sin

(
θ − π

2
+ cos−1 k

2a

)
+ sin

(
θ

2
− π

2
+ cos−1 k

2a

)]
+ (2d + f + n) sin θ

+ (2d + f ) sin

(
θ − π + 2cos−1 k

2a

)
, π − 2cos−1 k

2a
≤ θ ≤ 2

(
π − 2cos−1 k

2a

)
(20)

f (θ)3 = k

[
sin

(
θ − π

2
+ cos−1 k

2a

)
+ sin

(
θ − 3π

2
+ 3cos−1 k

2a

)
+ sin

(
θ

2
− π + 2cos−1 k

2a

)]

+ (2d + f + n) sin θ + (2d + f )

[
sin

(
θ − π + 2cos−1 k

2a

)

+ sin

(
θ − 2π + 4cos−1 k

2a

)]
, 2

(
π − 2cos−1 k

2a

)
≤ θ ≤ 3

(
π − 2cos−1 k

2a

)
(21)
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Figure 5. (a) When the modular bionic soft robot moves, the displacement of the auxiliary motion
module 1 changes with time, (b) when module 2 is the main motion module, the force analysis diagram
of module 1 during inflation, (c) when module 2 is the main motion module, the force analysis diagram
of auxiliary motion module 1.

f (θ)4 = k

[
sin

(
θ − π

2
+ cos−1 k

2a

)
+ sin
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θ − 3π

2
+ 3cos−1 k

2a

)
+ sin

(
θ − 5π

2
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2
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)
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(22)

Through Eqs. (19)–(22), the deformed height of the actuator in other states can be deduced. After
getting the elevation height of auxiliary motion module 1 in the initial state, the change of h2 is analyzed
when its stiffness changes (i.e., driving module 1 inflates). When the expansion wall displacement h ≤
k/2, driving module 1 bends downward. When the expansion wall displacement h > k/2, driving module
1 expands upward.

(1) Expansion wall displacement h ≤ k/2.
When the inflation pressure of module 2 is 70 kPa, module 1 is lifted by six chambers in the
initial state, and the geometric analysis is carried out, as shown in Fig. 5(c).{

L0 = 7(2d + f ) + 12h = (R + m + 12h)α

L1 = 7(2d + f ) + 6k = (R + c + m + a)α
(23)

It can be solved:

α = 6(k − 2h)

c + a − 12h
(24)

So we can get the height h2,

h2 = l sin
α

2
(25)

(2) Expansion wall displacement h > k/2.
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Figure 6. Relationship between inflation pressure P of the modular bionic soft robot and the whole
height H of the modular bionic soft robot.

The inflation pressure of module 2 is 70 kPa. Module 1 begins to expand and bend, and the
geometric analysis is carried out, as shown in Fig. 5 (b).⎧⎨

⎩
L1 = 11(2d + f ) + 10k = Rα

L0 = 11(2d + f ) + 20h = (R + c + a

2
)α

(26)

It can be solved:

α = 10(2h − k)

c + a

2

(27)

It can be obtained from geometric relations.

γ = α

2
− β (28)

h2 = l sin γ (29)

Therefore, by combining h, the relationship curves between the overall height H of the modular bionic
soft robot and the inflation pressure P of the module 1 and module 3 can be obtained.

The curves in Fig. 6 show that when the inflation pressure P of module 1 and module 3 is less than
20.07 kPa, the stiffness of module 1 and module 3 increases, the bending of module 1 and module
3 decreases and the overall height H of module decreases. When the inflation pressure of module 1
and module 3 is greater than 20.07 kPa, the stiffness of module 1 and module 3 continues to increase,
resulting in obvious expansion deformation, which makes the overall height H of the module increase
rapidly. Therefore, when the inflation pressure of module 1 and module 3 equals 20.07 kPa, the overall
height of the modular bionic soft robot is the lowest, and the height of the narrow terrain through which
it can pass is the lowest. At this time, the stiffness of module 1 and module 3 is the best.

By comparing the experimental data, as shown in Fig. 6, the solid line is the theoretical curve and
the dotted line is the experimental acquisition curve. By comparing the experimental data with the theo-
retical data, the error is found, and the error is relatively stable. The main reason is that the thickness of
the bottom plate of the modular bionic soft robot is slightly thicker than that of the design, which makes
the overall height of the actual module slightly higher than that of the theoretical data.
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Figure 7. Schematic diagram of height change of the modular bionic soft robot.
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Figure 8. When module 1 or module 3 is the main motion module, (a) the model of the modular bionic
soft robot and (b) the actual modular bionic soft robot.

As shown in Fig. 7, with the inflation pressure of module 2 unchanged, the inflation pressure of
module 1 and module 3 increases, which changes the stiffness of the module. The overall height of the
modular bionic soft robot first decreases and then increases. When the inflation pressure is 20 kPa, the
overall height of the modular bionic soft robot is the lowest, and the height of the narrow terrain through
which it could pass is the lowest. This height is 42.8 mm.

3.2. Type B. Module 1 or module 3 is the main motion module.
At this time, the model of the modular bionic soft robot is shown in Fig. 8, and the overall height of the
modular bionic soft robot is H = h0 + h1.

Module 1 needs to be analyzed when calculating h1, as shown in Fig. 8(a). Assuming that the center
of the circle corresponding to module 1 is O, and the distance between the center of the circle and the
highest point of module 1 is R, the vertical distance between the point O and the ground can calculate
the overall height of the three modules.

θ = sin−1

[
h2

2R sin
(

ϕ

2

)
]

(30)

α = π

2
− ϕ

2
− θ (31)

y0 = R sin ϕ (32)

h1 = R − y0 (33)

Comparing the data of type B with the data of type A, it can be found that under the same conditions,
the overall height of the modular bionic soft robot is higher when module 2 is the main motion module,
which is the highest height that the modular bionic soft robot can pass through obstacles.

After adjusting the stiffness of different modules, it can be observed in the experiment that the motion
height of the modular bionic soft robot decreases, the vibration amplitude decreases and the motion
speed increases. The optimum stiffness of the auxiliary motion module will also change under different
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Figure 9. (a) The relationship between the main motion module P and the minimum height H of the
modular bionic soft robot (b) the relationship between the module size a, b, d and the inflation pressure
P of the auxiliary motion module.

air pressure of the main motion module. The optimum air pressure of the deflation module can be
calculated by Eqs. (25) and (29).

When the manufacturing size of the module remains unchanged, the minimum height H of the mod-
ular bionic soft robot varies with the change of the pressure of the main motion module P, as shown
in Fig. 9(a). The relationship between module dimensions a, b, d and inflation pressure P of deflation
module is shown in Fig. 9(b).

4. Obstacle avoidance experiment
For the modular bionic soft robot, through theoretical analysis, it can be found that when the air pressure
of the auxiliary motion module is about 20 kPa, the modular bionic soft robot can pass through the nar-
row terrain with the lowest height. The modular bionic soft robot is tested on the experimental platform.

https://doi.org/10.1017/S0263574721001867 Published online by Cambridge University Press

https://doi.org/10.1017/S0263574721001867


Robotica 2663

Figure 10. When the air pressure of the main motion module is 70 kPa and that of the auxiliary motion
module is 0 kPa and 20 kPa, respectively, the height of the modular bionic soft robot passing through
the obstacle.

Figure 11. Side view of the height of the modular bionic soft robot passing.

The height of the modular bionic soft robot passing through the obstacle was compared when the air
pressure of the main motion module is 70 kPa and the air pressure of the auxiliary motion module is 0
and 20 kPa. As shown in Fig. 10, it is found that the height of obstacles passed by the modular bionic
soft robot at 20 kPa is nearly 13 mm lower than that of obstacles passed by the modular bionic soft robot
at 0 kPa. Through the experiment, it is found that the speed of the modular bionic soft robot can reach
7.89 mm/s during the locomotion. Therefore, it can be explained that under the appropriate air pressure,
the modular bionic soft robot can more effectively complete the obstacle avoidance function.

As shown in Fig. 11, by comparing the side view (0 kPa on the left and 20 kPa on the right), it can be
found that the modular bionic soft robot adjusted by variable stiffness will not collide with the obstacle
obviously when it passes through the obstacle at the same height. In the actual working process, the
modular bionic soft robot should have the ability to pass through obstacles without touching obstacles
to adapt to the uncertainty of its working environment.

5. Conclusion
In this paper, a modular bionic soft robot with variable stiffness is constructed. It consists of three driving
modules in series, each of which consists of two parallel air chambers and a bottom plate. The nonlinear
locomotion pattern and variable stiffness model of the robot are given by mechanical analysis in this
paper. By controlling the stiffness of the actuator with different pressure, the height of the modular bionic
soft robot is controlled during the motion. Thus, the modular bionic soft robot can adapt to different
working environments and pass through different heights obstacles most efficiently. Experiments are
carried out to verify the effect of the robot passing through obstacles in the initial state (the pressure of
the auxiliary module is 0 kPa) and the stiffness change state (the pressure of the auxiliary module is 20
kPa). According to the experiment, the height of obstacles passed by the soft robot in the initial state is
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54.3 mm, and the height of obstacles passed by the soft robot in the changing stiffness state is 42.8 mm.
The speed of the modular bionic soft robot can reach 7.89 mm/s.

By controlling the stiffness of the robot, it can better accomplish the task of crossing obstacles.
Because of the flexible structure of the robot, it can also be applied to complex and changeable envi-
ronments. This kind of robot can also be used in earthquake rescue and reconnaissance missions that
humans or rigid robots cannot access. Future work will focus on the integration of this kind of soft robot
and its application in different environments.
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