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Abstract. Traditional robots are mainly rigid structures. They are complex in structure but 

limited in flexibility, and have poor security and adaptability [1]. At that time, many bio-inspired 

robots were created to overcomethe traditional robotic challenges. Creatures gave us the 

inspiration to use a soft body to complete task, and then soft robotics were invented. This paper 

evaluated the future difficulties faced by this area, and listed the deficiencies that still need to be 

improved for soft robots that should be overcome in future projects as well. First of all, the first 

difficulty is that most soft robots rely on software drivers to complete tasks, and because of this, 

the driving functions of soft robots cannot be perfectly performed, and the action tasks are not 

diverse. Secondly, if the action moving is over flexible, it will be hard to control. The precision 

for missions cannot be satisfied. Thirdly, the choice of drivers’ type becomes another problem. 

For example, the memory alloy drive has the advantages of large driving force, controllable 

stiffness, good elasticity, etc., but it also has disadvantages such as easy aging and slow response 

speed. Although the pneumatic drive has a fast response rate, there is a risk that the fluid may 

leak, and the environment cannot be guaranteed to be airtight. Obviously, there is no ideal 

solution to work out actuation difficulties.  

1.  Introduction 

Nowadays, traditional robots have the disadvantages of complex motion control, high maintenance costs 

and high costs, which can no longer meet people's living needs, prompting scientific researchers to turn 

their attention to soft robots[1]. Compare with this, soft robotics have an absolute advantage, which is 

making interaction with the environment and society safer and more convenient. Thus, it can be widely 

used for humans and society, such as medicine, health care areas and so on. Soft robots will offer unique 

properties and, therefore, opportunities that are previously unexplored. Recently, there has been a 

growing need for devices that can interact with humans such as smart watches and unmanned vehicles. 

Soft robots are suited for interaction with humans due to their soft and compliant nature and their ability 

to perform tasks with uncertainties. They minimize damage to the user and the environment via shock-

absorbability and are more compatible and reliable with uses regarding biological materials owing to 

their flexibility. [2]. Easy manipulated, low costs, simple operation principle all belongs to soft robots 

characteristic better than rigid robotics. In the following part, this paper will first take two examples to 

display bio-inspired technologies and give a detailed description. Second, this study will introduce 

various commonly used actuators, related soft materials and their application scenarios. This study 

demonstrates the current dilemma of soft robots and areas that need improvement, and provides a 

reference for the development of future soft robots. 



 

2.  Analysis of bionic soft robot 

2.1.  Technology of soft robot in bionic aspect 

2.1.1.  Octopus-inspired soft robotic. Octopus are creatures that live under the sea. In the biological 

world, it is studied because of its unique appearance and physical function. For example, in the process 

of grasping an object, the movement is the coordination of eight tentacles. They can effectively catch 

prey of different shapes and sizes, perform remarkably complex tasks, and retrieve objects from 

constrained environments by combining two important capabilities: (1) the ability to control many 

degrees of freedom and (2) the integration of linear arrays of suckers (Fig. 1A–C). Because of their 

flexibility, agility, and adaptability for efficiently grasping a wide range of structurally diverse objects, 

octopus’ arms have served as model systems for the development of robust soft robotic prototypes.[3]. 

 

Figure 1. Octopus arm-inspired tapered soft actuators with suckers for improved grasping. (A–C) [3]. 
For designing octopus-inspired soft robot, two characteristics from its body can be utilized from it. 

(1) Their flexible tentacles can bend at any point, any angle. They can adapt to various shapes of objects, 

manipulate, and grab them. At the same time, in this process, they apply precise movement and suitable 

force to control it, so the octopus presents a very soft body and has unlimited degrees of freedom. (2) 

Another characteristic of its body is the suckers. The octopus uses them to grab, hold and attach to the 

surface of targets and eat food. [4]. The two features that both help this creature grip objects and are 

used in soft robots to improve grabbing skills. 

 

Figure 2. Soft robots’ suckers and tentacles. 

 

Figure 3. Octopus-inspired robot manipulation arms. 



 

The octopus-inspired can be seen as a classic example for being inspired by underwater creatures. It 

represents the specific ability of it, the grabbing skill. In addition, its practical application also showed 

good results. It can work in tight spaces, move to target locations, and grip objects in narrow slits. 

Complete the tasks that traditional robots cannot and achieve the purpose of grasping. However, it still 

has some problem with this technology, that need to be perfected in future designs. I will discuss it in 

the following section. 

2.1.2.  Bionic earthworm crawling robot. The movement of invertebrates is often used as an inspiration 

for soft robots. Earthworms are a good example, and wriggling is their characteristic mode of movement. 

Nowadays, there are two types of soft robotics inspired by earthworms: One is varying the stiffness, as 

animals’ muscles show stiffness changes between passive and active modes. The soft robot can use this 

kind of technology to apply force and adjust its load capacity, so that it can grab, bend, and move. The 

other type is achieving crawling motion using different materials to actuate it[5]. 

 

Figure 4. The motion of an earthworm-inspired soft crawling robot as time passed [6]. 
Most of the research about earthworm-inspired soft robots is dependent on friction on the surface of 

a crawling plane to crawl. If the frictional force is zero, the robot cannot move. It consists of several 

modular actuators and works with the coordination of these actuators. The detailed description of 

actuators will be referred to in the next section. 
Another example of an earthworm-inspired soft robot is based on simulating the self-healing function 

of it. The self-healing function is realized by an alloy material. This shape memory alloy is based on the 

characteristics of spring and martensitic deformation. The overall structure is composed of a soft mesh 

material, so it is very resistant to external impact, which also reflects the effect of self-healing. 



 

 

Figure 5. Test the largest external impact by choosing whole mechanical structure. 

2.2.  Soft robots’ driver 

The software driver mainly works through some movements such as twisting, stretching, stretching, 

shrinking and other deformation movements. According to different action requirements, the working 

principle of the driver is different.[7]. The most common are pneumatic actuators, memory alloy 

actuators, such as shape memory alloys, and new electromagnetic actuators, etc. The following sections 

will demonstrate the details of these commonly used soft actuators. 

2.2.1.  Pneumatic actuators. Soft pneumatic actuators (SPAs) used in soft robots are very common. At 

the same time, it’s widely applied in medical treatment, body wearable devices and so on. The merit of 

it is that the weight of gas is light, easi to obtain, and cause no pollution. The traditional method to store 

gas is to use a compressed air pump and make the air flow through it.[8] Furthermore, an attempt to 

utilize conventional pneumatic artificial muscles (PAMs) has been made. [9]. However, it has 

disadvantage that it is easily interfere with by other individual units or actuators. 

The basic classification of it is two types: positive pressure drivers and negative pressure drivers. By 

controlling the pressure, the positive pressure mode lets air flow into the enclosure, and the negative 

pressure mode allows air to flow out of the housing. 

 

Figure 6. Pneumatic soft gripper. 

Pneumatic actuation has been applicated to a variety of bio-inspired robots, such as a robot fish, a 

snake like robot, a manta ray robot, and even a robot partially actuated by internal combustion inside 

the mold channel for jumping.[10] 

The octopus-inspired soft robots also choose pneumatic actuators to drive the body. For example, 

research done by Harvard University invented a soft robot inspired by the octopus named Octobot. The 

Octobot moves by pneumatic power: an internal circuit triggers chemical reactions, turning its liquid 

hydrogen peroxide fuel into a gas, which inflates the robot’s limbs and allows them to move.[11]. Due 

to its flexibility and quickly responding, so it can complete many complex action tasks, now many soft 



 

robots are driven by pneumatics. As for our example 1 mentioned before, it is also utilized pneumatic 

actuators. 

 

Figure 7. Testing the angle between the actuator and sucker, that almost simultaneous peeling of 

cylindrical actuator with sucker from a smooth curved plane. 

2.2.2.  Shape memory material actuator. The shape memory alloys have a wide range of applications, 

especially in medical and engineering areas.[12] The basic working principle is mainly due to the 

thermo-elasticity of the material and the mutual transformation between martensite and austenite.[13]. 

Different types of shape memory alloys depend on various metallic materials to support the function. 

Some common ones are like Ti-Ni alloy, Cu-AI-Ni alloy, Cu-Zn-AI alloy, etc. [14]. Nonetheless, 

compared with other alloy materials, Ti-Ni alloys show the best performance in terms of fatigue 

resistance and biocompatibility. Ti-Ni alloy is also one of the most mature alloy material actuators. 

Example 2 of the earthworm-like soft robot also uses shape memory alloys as actuators. 

 

Figure 8. Ni-Ti actuator inside the body. 
Many of the soft hydrostatic earthworm robot uses silicone to form the main body and are actuated 

by spring shaped SMA wires.[15]. Body parts are powered by multiple alloy actuators throughout. 

Although there are some advantages to using SMA such as light weight and high driving force, it still 

has limitations that limit its performance and application. Its thermal hysteresis makes it difficult to 

control the actuation. The manufacturing cost is high, and sometimes the lifetime is short. 

2.2.3.  Ionic polymer-metal composite material (IPMC). IPMC is a new intelligent material in recent 

years. Artificial muscles and robotics actuators often use this kind of stuff. IPMC can stimuli for point-

generated mechanical responses that have significant size changes, deformations. [16]. Like memory 

alloys, ionic polymers are also composed of metal composites, so the choice of metal is particularly 

important at this time. The most common is perfluoro polymer, and the appropriate material is also 

selected according to the specific design of the actuators. The mechanism for that is caused by both 

electrical and chemical properties in ionic polymers, actuated by an electric simulator in wet 

environment conditions. Its operating mechanism has a sandwich structure for ion exchange with double 



 

electrodes on its metal side. When connected to the circuit, the voltage will generate an electric field to 

drive the cations to deflect, and finally bend towards the anode to achieve the driving effect. 

 

Figure 9. IPMC actuation mechanism. 
The IPMC has a fast driving speed, low voltage input requirement, and a large deformable area, so 

it is widely used as a robot gripper and sensor, especially in soft robot actuators. 

 

Figure 10. Soft crawling robot with components actuated by IPMC at parts of its body [16]. 

3.  Conclusion 

This paper mentions two parts: the first is to illustrate the bionic technology and give a detailed task 

process; the second is to show the commonly used drives, materials and application scenarios of soft 

robots. For the two examples, this study mentioned before: octopus-inspired and earthworm-inspired 

soft robots also have weak points. However, for drivers, there is still a lot of room for problems and 

improvements that need to be solved. Firstly, most robots rely on software drivers to shrink, bend and 

other actions, relying on the material characteristics of the actuator. Therefore, the action task that can 

be completed is very single, which reduces the function of the driver and has not been fully developed. 

In future experimental research, robots will be paid more attention to the diversity of action. Secondly, 

to a certain extent, the movement of the software robot is too flexible, and the goals cannot be achieved 

accurately. In the future, the experimental results must also improve the accuracy of the task and enhance 

the controllability of the robot, so that it will complete the task accurately and efficiently. The above 

two points are where the robot drive should be boosted. This essay has a certain one-sidedness and 

limitations. Future studies and collations will minimize this aspect.  
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