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Abstract. Humanoid robot is a kind of rare multiple-degree-of-freedom system with high order, 
non-linearity and nonholonomic constraint in project and it has powerful kinematic dexterity, which 
therefore has provided a pretty ideal experiment platform for the kinematics, dynamics, simulation 
technique, multi-sensor fusion and control theory and other researches of robot. In this paper, a new 
kind of angular deflection method is provided to make robot quickly escape from the local 
minimum point, which has planned a smooth collision-free path successfully. And simulation 
experiment is used to prove the effectiveness of the method planning. 

Introduction 
Aiming at the characteristic that humanoid robot has numerous driving mechanisms and sensing 

devices, this Paper synthesizes the advantages of centralized distributed systems and proposes a 
kind of improved motion control system structure of humanoid robot, which is composed of 
synergy movement treatment module, data communication module and quadruped locomotion 
control module. And inside of each basis motion control module includes joint controller, joint 
driver and several sensors. The structure has fully taken into account the situation that joints in 
close position and similar functions of humanoid robot may be tightly coupled and has carried out 
appropriate concentration of functions, which not only retains the intelligent and flexible advantage 
of distributed structure but also reduces the burden of data communication so as to adapt to the 
control and sensing requirements of humanoid robot in a better manner [1-5]. 

Model of artificial potential field algorithm 
The gradient potential field method is commonly used as a potential field method. The robot has 

a certain abstract potential energy in the potential field and its negative gradient direction indicates 
the direction of the abstract force that the robot system suffers from, which is the very force that 
causes the robot to bypass the obstacle and advance towards the target. 

Assuming that the two-dimensional working space of the robot is Tyx ],[W = , and the 
construction of potential field is the application of gravity and repulsion to the robot (in the 
potential field construction, the subscript o denotes the obstacle and the subscript a denotes the 
target point): 

)()()( WUWUWU oa +=  (1) 
Of which, )(WUa  is the gravitational field and )(WUo  repulsion field. Therefore, the resultant 

force of robots in the potential field can be expressed as: 
oa FFF +=  (2) 

)]([ WUgradF aa −= , )]([ WUgradF oo −= ｡ 
Of which, )]([ WUgradF aa −=  is for gravity and )]([ WUgradF oo −=  is for repulsion. 
The resultant force that robot suffers from in the two-dimensional space is: 
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The gravitational potential function for target to robot is: 
2)(

2
1)( aa WWWU −= a  (4) 

Of which, α  is gravitational gain coefficient, W  is the current coordinate of the robot in the 
two-dimensional space, aW  is the position of target point, and )( aWW −  is the relative distance 
from the robot to the target point, and corresponding gravity can be translated into 

)( aa WWkF −−= . 
Repulsion potential function of obstacles is defined as: 
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Of which, β  is repulsion gain coefficient, 0ρ  is a constant and denotes the influential distance 
of obstacle, ρ  is the shortest distance from the robot to the obstacles. And corresponding 
repulsion is: 
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When the robot encounters several obstacles, superposition of potential fields is used to obtain 
the repulsion potential field of several obstacles to the robot. 

Robot Motion Control of Improved Artificial Potential Field Algorithm 
Solving target unreachable 
The main reason for the existence of the target unreachable problem is that when the target is 

within the influence scope of the obstacle, the global minimum point of the whole potential field is 
not the target point. Because when the robot approaches the target, the potential field of the obstacle 
increases rapidly, causing the robot to move away from the target point. As shown in Fig. 1 (a) (the 
blue circle in the figure is the obstacle in the set environment; the red dot is the path point that the 
robot has walked through; and the small triangle is the target point), if the repulsion field tends to 
zero when the robot approaches the target, then the target point will be the global minimum point of 
the whole potential field. Therefore, the relative distance between the robot and the target point 
shall be also considered in defining the function of repulsion potential field so as to establish a new 
function of repulsion potential field. 

The improved repulsion potential field function is: 
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Of which, |||| aa WW −=ρ , denoting the relative distance from the target object to the robot. n  
is an arbitrary real number more than zero. 

The corresponding repulsion of the robot in the potential field is: 
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Of which: 
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In the improved repulsion potential field function, a regulatory factor n
aρ  is added; when the 

gravitational potential field increases, the repulsion potential field )(WUo  decreases, causing the 
overall potential field become minimum only at the target point, as shown in the Fig. 1(b): 

 
(a) Target unreachable path               (b) Target reachable path 
Fig.1. Artificial potential field method used to realize target reachable 

Solving local minimum 
During the process that a mobile robot looks for a path, there may be a special case - falling into 

a local minimum point. When a robot performs a path search, if one or more obstacles occur 
between the robot and the target, and the repulsion of obstacles on the robot is equal to the gravity 
that the robot suffers from and both of them are at the same straight line, then the resultant potential 
field force that the robot suffers from will be 0=+= oa FFF , at the moment of which, the robot 
will stop advancing and fall into a local minimum point, resulting in the path planning failure. 

In this Paper, an angular deflection method is used to solve the problem that the robot falls into 
the local minimum point. When the robot falls into the local minimum point, an angular deflection 
is given to the robot to change the motion direction the robot: along the direction of connecting the 

current position of the robot and the target point, deflects clockwise an angle of )
2

~0( π
 and 

regard the direction after an angle of 
2

kπ
 as the direction of next motion of the robot, of which the 

k  value is taken as the real number gradually increased within )1~(0 . If the robot can walk away 
from the local minimum point after a turn of an angle, then the robot will continue to look for the 
path to the target under the action of the potential field force; if the robot fails to walk away from 
the local minimum point, then a continuously increased deflection angel is given to the robot until it 
escapes from the local minimum point. During the advancing process of the robot, step l  is still 
the one in initialization. The planning process chart of above algorithm path is shown in Fig. 2. 

In the simulation experiment, the Paper sets the working environment as a two-dimensional 
space of 1515× , of which, the origin [0,0] is set as the initial position of the robot, the point [13,12] 
is set as the target point, and the number of obstacles N is set as 17, the gain coefficient α of 
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gravitational potential field is set as 2, the gain coefficient β  of repulsion potential field is set as 5, 
and the robot step is 25.0=l . When the robot falls into a local minimum point, the resultant force 

of repulsion force and gravity is zero, at the moment of which, a deflection angle of 
2

kπ
 is given 

to the robot to change the motion direction of it to find the next position and determine whether it 
escapes from the local minimum point at the moment. If it still fails to escape, continue to change 
the k value until it successfully escapes from the local minimum point. 

Fig. 3 (a) shows the traditional path planning in the literature before the improved algorithm, 
where the robot falls into the local minimum point and cannot plan out a path reaching the target 
point. Fig. 3 (b) is a path diagram of the robot to escape the local minimum point after the improved 
algorithm. And the experiment shows that the robot is able to effectively escape from the local 
minimum point and plans out a path reaching the target point by using the new algorithm provided 
in the Paper. 

Initialization 

Calculate the gravity between 
the robot and the target point 

Calculate the repulsion of 
obstacle on the robot 

Give the robot a deflection 
angle of             to determine the 

next position 

Calculate the next position of the 
robot in accordance with the 

direction of resultant force and step 

End 

Judge whether the 
resultant force of repulsion and 

gravity is 0 or not 

Whether it reaches the 
target point or not 

2/pk

N

Y

N

Y

 
Fig.2. Path planning flow chart of improved algorithm 
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(a) Path of robot to fall into local minimum point (b) Path of robot to escape from minimum point 

after improved algorithm 
Fig.3. Path of robot to fall into local minimum point and escape from it 

Conclusion 
Humanoid robot experiment platform has been tested in multi-joint cooperative control and the 

experiment result shows that hardware and software design of the system can meet the basic 
requirements of a robot’s motion behavior and can realize a considerable control precision. This 
Paper is based on the traditional artificial potential field method with local minimum point problem 
which leads to path planning. When a number of small obstacles gather between (or large obstacle 
block between) the robot and the target object, the robot is easily caught in the local minimum point; 
through the use of the method of increasing the angular deflection, the robot is able to escape from 
the minimum point and moves towards the target point rapidly by bypassing the obstacle, thus 
solving the problem that the robot cannot find the path and saving the planning time. And the 
simulation result has also proved the effectiveness of above method. 
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