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Abstract. This paper studies the robot path planning method,which is suitable for the complex 
environment. First of all, to abstract modeling of robot's work environment, set up the  hexagonal 
lattice model of environment, every hexagonal has a cost value; This model meets the requirement of 
describing the different environment; through knowledge evolutionary algorithm based on genetic 
programming (GP) to get the optimal route choice; at last, through example show that the proposed 
method is effective. 

Introduction 
Autonomous mobile robot application is more and more widely, it’s field from household 

appliances to self-driving cars. The main task of the robot is of the human cannot handle task, or at 
least can reduce the burden of human and strength. However,  in the face of increasingly complex 
problems in using process, what the autonomous robots faced are often beyond the programming 
considering various occasions of range from the start. Therefore, developing robust adaptive ability of 
robot control program has been an active research problem. 

In recent years, the development of the study tend to adopt knowledge evolution method, through 
evolutionary algorithm to automatically generate the appropriate application logic [1][2][3][4]. In this 
paper, using genetic programming (GP) evolution control algorithm for robot path planning. The 
main advantage of this method lies in the evolutionary control program has reusability, can be applied 
to different objective functions, such as looking for a route, generating flight lines, etc. 

The rest of this article is organized as follows: the second part describe the problem and 
environmental simulation, as well as the related research work; The third part describes the evolution 
of genetic programming and related route control algorithm; The fourth part gives experiment results 
and efficiency analysis, and conclusion. 

Automatic control of a model robot 
Robot path planning problem description includes several aspects: 1) the environment, the 

environment can be predefined, as input of robot path planning, the path planning algorithm used by 
the topology information of environment. 2) the topology information of planning algorithm retrieval 
environment, to find a suitable route. In this article, we aim to develop a route planning 
algorithm ,which can adapt to the unknown environment. Environment model by using the hexagonal 
grid model, each case has a floating point value, as the cost of passing this grid. 3) Simulation model 
of the robot adopts the literature [5],the robot has six sensors, evenly distributed in 360 degrees, 
corresponding to the detection of around six directions. With the movement of the robot, through 
processed in the sensor data, realizes the information on the surrounding environment of exploration. 
Therefore, the ability of mobile robot is including six direction movement: FW-forward, LF-left 
forward, RF-right forward, BW-backward, LB-left backward and RB-right backward. Shown as fig.1.   
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Fig.1 six direction movement 

Route planning algorithm generates a result in the current state of robots and sensors data, which 
get some combination of input values. After movement, new input values are collected and may be 
next step. Finally, the robot can choose to stop any exercise if it satisfy certain conditions (i.e., to 
reach the target location or time intervals).  

In the process of simulation, robot simulation in an appropriate software framework drived by 
discrete time steps. At each time step, the input sensors’ values processed by the control program, it 
decided which direction to move. And then simulated by updating the robot position or direction and 
repeat the process operation. In the different applications, different target behavior can be developed. 
The control program itself may be artificial evolution and genetic programming, this is detailed in the 
next section. 

 Genetic programming applied to behavior modeling 
A. Genetic programming 
Genetic programming[5] is a kind of optimization, and machine learning techniques, using the 

concept of evolution to automatically discover the symbols (functions, procedures) of problems at 
hand. GP is the main idea behind, the problem can be expressed as (computer) program, in most 
applications in the form of a tree (allow mapping any programming language). Program elements (tree 
node) must be predefined by the user, must be sufficient to describe a solution to the problem (such as 
mathematics and logic functions, such as forward, turn left, etc.). Algorithm randomly generated 
program (possible solutions) and evaluate each project a predefined set of test cases (e.g. program 
how to control a robot). Every potential to obtain the solution of the quality estimation, fitness value, 
and then used in the selection process.  

Selection process to imitate natural evolution, the weaker the individual (solution) is eliminated, 
and better personal survival. In addition, the better the individual also participate in the restructuring, 
two (or more) individual together to form a new solution. The algorithm also integrates a mutation 
mechanism, a person's change, the probability of a relatively small. The process repeats itself, from 
the old to build a new generation, until you reach a proper termination criteria. These standards are 
usually involves the quality we need to find a solution, or perform a predefined time algorithm. The 
results of the very few human genetic programming examples can be found in [6]. 

B. Evolving a robot with GP 
In this work,route control program is represented in the form of a tree, each node serves as input, 

you can perform a logic function or an action. There are two main types of tree nodes, each of the 
generated programs contain node-end and function. The leaves of the terminal node tree program 
structure; They had no child nodes and their parents function returns a specific value could be the 
node. The terminal nodes in this application may be one of the following: 

•  6 different node (S01, S02,... ,S06), corresponding to 6 sensors return from a simulated robot;  
• The least cost of passing grid, a value returns dynamic calculation of all the sensors; 
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• Nodes perform 6 basic movement function (FW,LF,RF,DW,LB,RB); 
C. The fitness function 
In the process of evolution, a large number of candidate route to create (control program) must be 

evaluated. Assessment is through the simulation of the robot to perform actions in a given 
environment using the selected route. Each route (individual) is given a fitness value, used in the 
selection process, represents the individual ability to compete with other individuals.  

Used in this work, the goal is to require more than a set of robot routes. Due to this property, the 
definition of fitness function value of access to target grid. The target grid in the process of simulation 
is set in a uniform grid surface. Control program is that the total number of fitness value is expressed 
as access to the target grid.  

In addition, each grid robot perform (an action or a rotating) assume a fixed cost. If two different 
evolutionary program to access the same number of target location, use less cost to visit them one step 
is thought to be better.  

It is important to note that the development of a plan or other, does not need to be modified in GP 
evolutionary system in addition to the appropriate fitness function calculation.  

In other words, different (custom) the development of behavior, only need to change the fitness 
function, and function and terminal elements may be of the same. 

D. The initial population 
The method of genetic programming needs a population of members to be initialized. The initial 

population by the iterative procedure of optimization gradually forms the good population. Each 
member represented as a robot route is hierarchically structured tree consisting of grid number and 
expresses a feasible solution within the population.  

E. Genetic operators 
In this paper, two fundamental genetic operators, crossover and mutation, and two advanced 

operators, elimination and separation, are used in the proposed algorithm. The elimination and 
separation operators are designed to solve the problems such as redundancy and contradiction. 

1) Crossover: In the crossover operation, two parent routes are partially exchanged to form two 
new offspring routes. The crossover point may occur within a route. 

2) Mutation: The mutation operation begins by selecting a parent route from the population at 
random. A node within the route is randomly selected. The mutation operation then replaces the 
selected node(including its child nodes) with a randomly generated route in its place. 

3) Elimination: The elimination operation is used to solve the redundancy problem, in which two 
or more routes with the same grids appear in routes set. The operation will remove redundant routes 
and can thus reduce the route complexity. 

4) Separation: The separation operation solves the contradiction problem, in which two routes with 
the same grids conclude to different classes. It removes some parts of route from a contradictive route 
such that the route can become consistent.  

Result and analysis 
The following experiment to assess the efficiency of the route planning of the robot. The following 

parameters are used in all the experiments, in addition to the provisions:  
•  a population of 500 ;  
•  500 generations of termination conditions;  
•  at least 10 repeat configuration.  
A: the initial tree depth parameter  
The purpose of this experiment is the empirical estimates of the corresponding initial depth of the 

tree, any solution can be reached. This parameter is one of the most influential genetic programming 
[5]. On the one hand, it should be large enough to allow the complexity of the required to start the 
program, which can represent a solution to the problem. On the other hand, it should not be too big so 
appropriate search space is limited, so the complexity of maintain the lowest possible level.  
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B. Single - population and multiple - population GP  
The evolution process can be very time consuming, but also should be repeated several times to 

obtain the best results, a common extension, many evolutionary system is their parallel [7][8]. In this 
work, we choose to implement a distributed algorithm that can be deployed in a compute node 
network, and a multicore machines [9].  

C. GP generalization ability  
Finally experiment that evolutionary quality solutions in an environment that is invisible. In the 

process of learning, using simulated evolutionary robot route control program in one or more different 
environment. Control program is the evolution, it should be in the unprecedented environment test, to 
evaluate its universality. GP generalization ability studies [10] before and the research results show 
that includes the number of test cases (such as analog room) may be useful in the search for a more 
general solution.  

Conclusions 
This paper introduces the use of genetic programming control procedures in the evolution of the 

robot in a simulated environment. Results show that the method can produce route, meet the demand 
of the robot's route planning. For further work in this field may include the implementation of this 
method to a real environment and the actual robot. 
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