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Abstract 

Climbing ability is an important indicator of robots. In order to solve the technical 
problems of low stability margin and easy to drag or even fall down in the process of 
robot climbing, this paper plans a climbing gait, which aims to increase the stability 
margin of robot and provide sufficient adjustment time for robot. The feasibility of this 
climbing gait is proved by ADAMS simulation analysis. 
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1. Introduction 

Robot technology has become one of the most popular research directions in the world. Advanced 

robot technology represents the highest achievement of industrial automation in a country [1,2]. With 

the rapid development of computer technology, micro electro mechanical technology, control 

technology, network technology and other technologies, robots have gradually expanded from the 

initial industrial manufacturing field to the military, exploration, disaster relief, medical and other 

fields, and more and more robots suitable for different fields have been developed [3-5]. Quadruped 

robot, as a special robot, is widely used in military, search and rescue, detection and other fields, and 

has great development potential and broad application prospects. In the natural environment, the slope 

is a common landscape, robot in the process of actual mission, will inevitably encounter more terrain 

slope, therefore, climbing ability becomes an important indicator to measure the performance of robot, 

the quadruped robot walking in on the slopes of fieldwork for robot has very important significance. 

2. Influence of climbing posture 

Similar to walking on flat ground, a quadruped robot must first maintain static stability when walking 

on a ramp, that is, at least three legs should contact the ground at any time to support the robot body, 

and the center of the robot body must fall within a triangular area of three-legged support points. 

Under this premise, four legs can be lifted and landed in a certain order to realize walking. When 

walking, the robot body moves forward accordingly with the movement of the feet, and the center of 

gravity is always moving. The four legs are lifted in turn to change the landing position of feet and 

form a new stable triangle to ensure static stability. The movement of the robot body and the 

movement of legs relative to the robot body must be coordinated at any time, so that the center of the 

robot body can always fall in the triangle area formed by the three foot support points, and realize 

stable walking. Unlike horizontal walking, the support polygon used to calculate the stability margin 

should be converted to the projection of the support polygon on the horizontal plane when the robot 

is walking on the slope. 

How to realize the stable walking of the robot on the slope? The primary concern is the setting of the 

body posture. At present, there are two commonly used body postures for the research of robot 

walking on slopes: the robot body always keeps horizontal (Figure 1a), and is parallel to the slope 

(Figure 1b). 
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Fig 1 Body posture of quadruped robot when walking on slope 

a. The robot body always keeps horizontal   b. The robot body is parallel to the slope 

Each of the two poses has its own advantages and disadvantages. From the perspective of foot 

space,  when the robot is walking on the slope, if the body always keeps horizontal, the front legs 

need to be shortened appropriately and the back legs need to be extended. In this case, the foot space 

of the robot is the part above the slope surface, that is, the foot space of the robot will decrease. On 

the contrary, if the robot keeps the body parallel to the slope, it can make full use of the foot-end 

working space by rotating all four legs at the same time at the same Angle as the number of slope 

angles to ensure that the robot meets the static stability criterion. From the perspective of the static 

stability of the robot, it is assumed that the stability margin when the robot walks on the horizontal 

plane with a certain gait is S. As can be seen from figure 1a, the static stability when the robot keeps 

the body moving horizontally on the slope is equivalent to that when the robot walks on the horizontal 

ground, that is, the stability margin is also S.As can be seen from figure 1b, when the body is parallel 

to the slope, the stability margin of the robot is equal to the horizontal projection of S, so the stability 

becomes worse. 

To sum up, when the robot moves on the slope, it adopts a horizontal posture of the body, which 

reduces the space of the foot end, but the static stability is relatively good; while it adopts a posture 

of the body parallel to the slope, the space of the foot end is large but the static stability is poor. 

3. Climbing by tripod gait and simulation analysis 

The slope straight gait of the robot is improved on the basis of 1-3-2-4 gait with good stability margin. 

Figure 2 is the plan diagram of the plane straight gait of the quadruped robot. The block represents 

the body of the robot, and the geometric center of which is set as the center of mass of the robot, 

while the small circle represents the four foot positions of the walking robot. The initial position of 

the robot is set to the parallelogram position where the robot can stride. The whole movement process 

is as follows: a represents the initial state of the quadruped robot. As can be seen from the figure, the 

robot will not lose its stability when it moves leg 1 or leg 4. It can be seen from state b that during the 

movement of leg 1, the robot's center of gravity is in the support area of leg 2, leg 3 and leg 4. In 

order to enable the robot to move forward and move other legs, the robot body must move forward, 

that is, the four legs should move backward relative to the body to state c. After the center of gravity 

of the body is shifted forward, three legs can be moved to state d; In the same way, the robot 

completed a two-legged stride to e; Then the body moves forward to state f, moves four legs to state 

a, returns to the initial position, completes a gait cycle, and the robot walked some distance forward. 
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Fig 2 Schematic diagram of tripod gait 

When the robot is walking on the slope, there are many factors that affect its stability, such as the 

interaction between the foot end and the slope, the slope size and so on. It makes the driving data of 

the control robot walking on the slope uncertain, so the virtual prototype of quadruped robot has a 

good theoretical guidance for the robot slope experiment. In order to simulate the robot walking, it is 

necessary to build a road surface in ADAMS. The slope used for the experiment is made of wood, 

which is covered with rubber pad to increase friction, and the robot foot material is also rubber. The 

setting of the contact force between the foot and the ground is the key step to establish the virtual 

prototype of the robot. The selection of the contact parameters has a great influence on the stability 

of the robot motion. The specific parameters of the contact force set according to the foot material of 

the robot are shown in Figure 3. 

 

Fig. 3 parameters setting of contact 

The screenshots of the movement process of the quadruped robot walking in a straight line on the 

slope by simulation are shown in figure 4 (upward is the direction of the robot). The six states shown 

in the figure a, b, c, d, e and f correspond to the 6 states in figure 2 in turn, which represent the changes 

of the gait cycle of the quadruped robot when walking on the slope. Through several simulation 

experiments, it is found that under the above simulation parameters, when the slope is less than 26 

degrees, the robot can stably walk on the slope; when the slope is more than 26 degrees, the robot 
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begins to slip during the walking process, and then falls down. The simulation results of the robot 

walking on a 26 degree slope are mainly analyzed below. 

a b c d e f

 

Fig. 4 simulation of the walking gait of the quadruped robot on slope 

Figure 5 shows the force of foot in three cycles during the robot's walking, which indicates that the 

size and change law of the force of four legs of the robot are almost the same, with the maximum 

force of about 500N. Theoretically, the robot can walk stably with a tripod gait under certain 

conditions. 

 

Fig. 5 Force -- time curve of the robot foot 

4. Climbing by improved gait and simulation analysis 

It is found in the process of repeated experiments that if there is an angle between the longitudinal 

plane of the robot fuselage and the longitudinal plane of the slope in the initial state or the angle 

between the longitudinal plane of the body and the longitudinal plane of the slope due to the foot 

sliding, the robot will generate a lateral displacement when walking on the slope. With the 

accumulation of the lateral displacement, the contact force of four legs of the robot will change, when 

one of the four foots beyond the support triangle, robot will be unstable and even fall at last. Aiming 

at the above problems, an improved gait (as shown in Figure 6) is planned to increase the stability of 

the robot and provide sufficient adjustment time for the robot. 

 

Fig. 6 Improved gait on slope 



 

 

180 

International Core Journal of Engineering 

ISSN: 2414-1895 
Volume 6 Issue 3, 2020 

DOI: 10.6919/ICJE.202003_6(3).0031 

The characteristics of this gait can be summarized as follows: during the robot walking, only one leg 

is in the swing phase at most. Before one leg of the robot starts the swing phase, the body moves to 

the limit position in the opposite direction to the leg. As shown in FIG. 6, state 0 represents the initial 

posture of the robot, and state 0 to state 1 is the process of the robot adjusting the initial posture and 

getting ready for the improved gait. One cycle of the improved gait contains eight states from 1 to 8, 

and the specific process is as follows: remove the robot center of gravity to the left rear corner (state 

1), lift the right front leg (state 2), robot body moves to the right, the robot center of gravity moves to 

the right rear corner (state 3), lift the left front leg (state 4), the body moves forward, center of gravity 

moving to the right front corner (state 5), lift the left hind leg (state 6), the body moves to the left, 

center of gravity moving to left front corner (state 7),  lift the right hind leg (state 8), body moves 

backwards, center of gravity moving to the left rare corner (state 1), and so far finishes a gait cycle. 

 

Fig 7 Displacement - time curve of geometric center of robot body 

The displacement of the robot's center of gravity obtained by simulation is shown in Figure 7. In the 

figure, cm_X represents the displacement of the center of gravity of quadruped robot in the transverse 

direction of the slope. The curve fluctuates on both sides with the coordinate axis as the center, and 

the amplitude is the horizontal swing of the robot body when it climbs. It can also be seen that the 

inertial force will cause the robot to slide slightly when the body is sway The slip on both sides is 

equal, and there is no accumulation of lateral displacement of the robot after offsetting; cm_Y and 

cm_Z represent the displacement of the center of gravity of the quadruped robot in the vertical 

direction and the forward direction respectively, the curves are ladder shaped, but the overall trend of 

the curves is the same, indicating that the robot body moves forward and backward in the process of 

walking, but after one gait cycle, the center of the body moves forward. 

 

Fig. 8 Foot force - time curve of robot 

Figure 8 shows the force in three cycles during the robot climbs,which indicate that the force and 

change law of the four legs are basically the same, with the maximum force of about 500N. When the 
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robot walks from the swing phase to the support phase, the impact on the foot is small, and the robot 

walks smoothly. 

5. Conclusion 

In this paper, aiming at the technical problem that due to the low stability in the process of robot 

climbing the slope, it is easy to lose balance and even fall, a climbing gait is planned, and proved by 

ADAMS simulation that this climbing gait can help increase the stability and provide sufficient 

adjustment time for robot during climbs the slope. 
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