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Abstract 

The robot control system is the core of the robot system and is responsible for 
coordinating the work of each module of the robot. The quality of the control system 
design affects the control effect of the entire robot system. With the development of 
robotics and related disciplines, there are more and more types of robots, and the 
functional tasks to be realized are more and more complex. Designing a high-
performance control system for robots and implementing related control methods on 
the basis of the control system and strategy have become one of the key basic problems 
to be solved urgently. The adsorption-type crawling robot can flexibly adsorb and crawl 
on slopes and even vertical walls. This adsorption and crawling motion capability can 
replace humans to complete some tasks in dangerous environments, and has broad 
application prospects. The four-legged adsorption crawling robot has better adaptability 
to complex environments and relatively simple mechanical structure, and has broad 
application prospects in various complex environments, especially in the fields of civil, 
aerospace, industry, marine, national defense etc. In this paper, the model of the 
adsorption robot and the design of the crawling gait are emphatically introduced. 
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1. Introduction 

With the development of society and technology, human beings need to explore more and more 
fields, robots play an increasingly important role in human development, and more and more 
robots are applied to various fields. Robot technology is a comprehensive technology that 
integrates multiple disciplines and fields, and it has become an important symbol for measuring 
the level of scientific and technological development of a country. Since the 21st century, the 
development of robots has made obvious progress, and various kinds of robots have appeared. 
Among them, the research of adsorption crawling robot has brought new ideas to the field of 
robotics. The adsorption-type crawling robot can adsorb and crawl under a large-angle slope 
or even a vertical wall. This unique movement ability of the robot can help or even replace 
humans to complete some tasks in special environments, and has a wide range of application 
prospects. In recent years, scientists have developed a variety of adsorption crawling robots, 
such as footed robots, crawler wall-climbing robots, etc., which can be used in civil, military, 
aerospace and other fields. The quadruped adsorption crawling robot has better environmental 
adaptability, so this paper adopts the quadruped robot structure. The gait of the quadruped 
robot is designed and simulated to verify the rationality of the robot kinematics. The gait 
experiment of the robot prototype can also verify the control effect of the control system. 
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2. Model Analysis of Adsorption Robot 

In order to meet the requirements of the adsorption crawling robot to adapt to different motion 
environments, the robot structure adopts a quadruped robot structure, the robot body is 
rectangular, and the body is symmetrically equipped with four legs around the body, and each 
leg has 3 active degrees of freedom. The structure of the adsorption robot is shown in Figure 
2.1. LF, RF, LB and RB represent the left front leg, right front leg, left rear leg and right rear leg 
of the robot respectively. The sole of the robot has an adhesive material, which can adhere to 
the crawling environment, and a two-dimensional force sensor is installed at the connection 
between the foot and the leg. The value is used to judge the adhesion of the robot, and then 
adjust the gait to ensure that the robot can be stably attached to the crawling environment. In 
addition, if the adhesive material on the robot feet is removed, the robot will be transformed 
into an ordinary four-legged crawling robot, and a variety of non-adsorption crawling gaits can 
be expanded at this time. 

 
Figure 2.1: Structure diagram of adsorption robot 

According to the robot structure, the kinematics of the robot's single-leg kinematics model is 
solved, and a single-step gait strategy is proposed according to the motion requirements of 
adsorption crawling, and gait planning is carried out on this basis. Robot kinematics analysis is 
the basis of robot gait planning and motion control. Robot kinematics analysis mainly solves 
two problems. First, the parameters of the robot legs are known, and the position and posture 
of the end of the leg can be determined when the joint rotation angle is given. Also known as 
forward kinematics; second, when the leg parameters are known, the leg joint rotation angle 
can be determined by giving the leg end position and posture, also known as inverse kinematics. 
The solution of forward kinematics and inverse kinematics is the key to the design of robot gait. 

Take the right front leg of the crawling robot as an example, consider it as a three-degree-of-
freedom robotic arm, the coordinate system is defined as shown in Figure 2.2, F0 is the base 
coordinate system, the x0 axis is parallel to the fuselage, and the z0 axis is perpendicular to the 
machine. body, y0 satisfies the right-hand rule; Fi(i=1~3) is the coordinate system of the 
rotating joint; the Zi axis is the rotation axis of the joint, and the origin of Fi is the intersection 
of Zi and Zi+1 or the intersection of the common perpendicular and Zi ; F4 is the foot coordinate 
system, the origin is at the center of the ball joint of the foot, and the direction is the same as F3; 
l1, l2, l3 are the lengths of the connecting rods; i (i = 1~3) represents the rotation angle of the Zi-
axis joint which is the initial position coordinate system of i(i=1~3), which coincides with the 
position and direction of Fi at the initial moment. 
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Figure 2.2: Robot right front leg coordinate system 

3. The Ground Crawling Gait Design of the Adsorption Robot 

3.1. Gait Planning Strategies  

The walking process of a walking robot is described by gait. The gait is to coordinate the 
movement sequence of the legs and the body, so that the robot can complete the periodic 
walking movement according to certain time and space laws. The gait planning is to design the 
gait to ensure the stable crawling of the robot according to the functional requirements of the 
robot. It is generally believed that the walking process of a quadruped robot can be divided into 
static walking and dynamic walking. The difference between static walking and dynamic 
walking is whether the vertical projection of the robot's center of gravity is always within the 
polygonal area formed by the support legs. The center of gravity of a static walking robot is 
always in the stable area. This walking method has stronger stability and is more suitable for 
occasions where a faster walking speed is not required. 

3.2. Peristaltic Gait Planning 

The peristaltic gait of the adsorption crawling robot requires that when the robot moves its legs, 
the viscous adsorbent material under the body is kept in contact with the surface, and then the 
body moves forward under the action of the four legs. This gait is mainly used when the working 
conditions are complex and it needs to be firmly pasted. Because the support mechanism under 
the body is always in contact with the ground during the robot's travel, it is not necessary to 
consider the influence of the robot's center of gravity on the robot's stability. Robotic creeping 
gaits are also the easiest and most stable way to travel, but at the expense of robot speed. 

The moving steps of a peristaltic gait in a gait cycle are shown in Figure 3.1, and the movement 
process is described as follows. 

(a) The body is kept in the initial state, and the body is supported by the quadrupeds and the 
support mechanism under the body; 

(b) The body is supported by the three-legged and support mechanism, and the legs are RF; 

(c) The body is supported by the three-legged and supporting mechanism, and the legs are LF; 

(d) The body is supported by the three-legged and support mechanism, and the legs are raised 
RB; 

(e) The body is supported by the three-legged and support mechanism, and the legs are LB; 

(f) Support the body on all fours, lift the body, and lift the support mechanism off the ground; 

(g) Supporting the body on four feet, moving the body forward to complete a gait cycle; 
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(h) When the robot enters the next continuous walking cycle, the distance of the robot's legs is 
twice the distance of the initial state. 

 
Figure 3.1: Schematic diagram of peristaltic gait 

3.3. Oblique Lateral Adjustment Center of Gravity Gait Planning  

In an ideal quadruped robot model, the influence of the weight of the four legs and other 
components of the robot is often ignored. The center of gravity of the robot is the geometric 
center of the robot body. At this time, the position of the center of gravity of the robot is constant. 
The geometric center of the robot is kept within the three-legged support area. However, in fact, 
each joint of the leg of the articulated quadruped robot is equipped with a heavy-weight 
actuator, and the foot end is equipped with a force sensor. Each leg of the robot is still relatively 
heavy compared to the robot, and the movement of the robot's legs will affect the robot. The 
movement of the center of gravity affects the stability of the robot, so gait planning cannot be 
performed under the ideal model. 

 
Figure 3.2:Static triangular stability criterion 

In order to ensure that the robot's center of gravity always remains within the robot's tripod 
support area during gait planning, and to ensure a large stability margin, this paper introduces 
a triangle stability criterion. It can be seen from the previous summary that the adsorption 
crawling robot adopts a static gait, and the triangular stability criterion is a commonly used 
stability calculation method in static gait planning. 

In this paper, the robot uses the triangle stability criterion, and the expected stability judgment 
threshold is given in the gait to ensure the stability of the gait planning. Suppose the current 
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swing leg is A, the support end support points are B, C, D, and the stability margin is b. The 
expected centroid point of the triangle stability is shown in Figure 3.2. 

In actual situations, due to the weight of the leg mechanism, the actual center of gravity of the 
adsorption crawling robot deviates from the geometric center. Even if the geometric center is 
within the support area of the robot, the center of gravity may not be within the support area, 
resulting in poor stability of the robot and even rollover of the robot. . Therefore, it is necessary 
to find a gait planning method that can adjust the center of gravity of the robot in the support 
area of the robot at all times, so as to ensure a large stability margin and realize the stable 
crawling of the robot. 

According to the static moment balance formula, the coordinate position of the center of gravity 
can be obtained, and a gait planning method in which the center of gravity moves obliquely 
laterally is designed, which can keep the center of gravity of the robot in the triangle support 
area and has a large stability margin. Figure 3.3 shows the schematic diagram of the oblique 
lateral movement of the center of gravity. Since the movement of the legs will affect the change 
of the center of gravity of the robot near the geometric center, when the position of the center 
of gravity is out of the stable support area, the robot will become unstable. This method of 
moving the center of gravity obliquely laterally can be regarded as moving a distance to the side 
and the front. Under the condition that the range of the stable support area remains unchanged, 
the center of gravity moves a distance to the inside of the support range, thereby increasing the 
stability margin. It ensures the stability of the robot's walking. 

 
Figure 3.3:Schematic diagram of oblique lateral center of gravity movement 

3.4. Turning Gait Planning 

Robot turning gait planning is an indispensable part of the robot's autonomous movement. 
According to the robot's motion trajectory, it can be divided into in-situ turning gait and curved 
turning gait. The turning center of the in-situ turning gait is at or near the robot's center of 
gravity. , while the turning center of the turning gait is far away from the center of gravity of the 
robot, and its motion trajectory is an arc or a part of an approximate circle. Since the adsorption 
robot works in the workplace of climbing and adsorption, in order to maintain its stability, the 
in-situ turning gait is selected as the turning gait during adsorption and crawling. When 
crawling on the ground, both the in-situ turning gait and the curve turning gait can meet the 
requirements of the robot for stable crawling. 

The gait planning for in-situ turning is shown in Figure 3.4. The solid line in the figure 
represents the initial state of the robot, and the dotted line represents the position of the robot 
after completing the rotation. RF, LF, RB, and LB represent the front right, front left, rear right, 
For the left rear leg, the counterclockwise rotation angle of the robot is , and the gait algorithm 
of the robot can be obtained according to the mathematical relationship. The robot body lifts 
the quadruped support and enters the initial state. After rotating from the initial state, adjust 
the center of gravity of the robot, and then move the legs to the sides of the body in the order 
of RF→RB→LB→LF to complete the turning gait. 
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Figure 3.4:Schematic diagram of turning gait 

The turning gait of the robot is similar to the straight gait, and the center of gravity of the body 
must be kept within the triangle stability area during the movement. The gait planning for 
corner turning only needs to be corrected on the basis of adjusting the gait of the center of 
gravity laterally, and the distance between the left and right legs of the robot is changed on the 
basis of straight forward crawling. Taking the left corner turning as an example, In the straight 
gait, the footprint range of the left front leg and the left rear leg is reduced, and the motion 
performance is similar to that of the straight crawling gait. 

4. Conclusion 

Focusing on the structure of the adsorption crawling robot, this paper solves the kinematics 
model of the robot's single-leg kinematics, proposes a single-step gait strategy according to the 
motion requirements of adsorption crawling, analyzes the factors affecting the motion stability 
of the adsorption robot, and proposes a static walking method of the robot. Gait planning 
strategy, that is, in a gait cycle, there are always three legs supporting the body, and one leg is 
lifted, and gait planning is carried out on this basis. Triangular stability criterion is introduced, 
and then according to the results of kinematics, a method of adjusting the center of gravity 
obliquely laterally is proposed, and some typical gaits are designed. 
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