Proceedings of 2018 IEEE
International Conference on Mechatronics and Automation
August 5 - 8, Changchun, China

Application of the Hybrid Algorithm in Path Planning
of the Spherical Mobile Robot
Jian Guo1 and Chunying Li1
1

Shuxiang Guo1,2*, Xujie Yang1

Tianjin Key Laboratory for Control Theory & Applications in
Complicated Systems and Biomedical Robot Laboratory
Tianjin University of Technology
Binshui Xidao Extension 391, Tianjin,300384,China
jianguo@tjut.edu.cn; 1297596414@qq.com;

2

underwater. Spherical amphibious robots are flexible and have
low noise.
Spherical mobile robots are widely used due to its special
structure and adaptability to various environments. When a
person is in danger or in a dangerous situation, it may not be
able to reach certain targets due to the particularity of the
terrain. At present, path planning is a hot spot in the field of
mobile robot research at home and abroad, and it is also the
demand of the intelligent era [2]. Path planning refers to
finding a collision-free path from the initial state to the target
state in an environment with obstacles based on certain
evaluation criteria. With the development of science and
technology, the optimization results of the original single
algorithm often have some defects, which limits the search
range and convergence speed. Therefore, based on the
spherical mobile robot, this paper proposes a path planning
method that can effectively avoid obstacles and reach the
target point successfully. Many scholars have conducted
extensive research on path planning and have proposed many
methods, such as artificial potential field approach, the free
space method, neural networks, simulated annealing algorithm
and so on. However, these algorithms have local minimums in
path planning and have high computational complexity. These
algorithms also have the disadvantages of slow convergence,
high randomness, and local optimality. Next, I will introduce
the problems of genetic algorithm ant colony algorithm, and
propose new algorithm in this paper.
Genetic algorithm can generate a large number of new
individuals at large crossover probability, which can quickly
improve the scope of global search, but it has poor search
ability in local scope, low efficiency and time-consuming. The
ant colony algorithm improves the quality of the solution by
updating pheromone. It has the characteristics of distribution,
parallelism, and global convergence, but it exits the problem of
slow convergence speed. Therefore, in order to complement
the advantages of the two algorithms, improve the search
efficiency and accelerate the convergence speed, this paper
proposes a hybrid path planning algorithm that combines
genetic algorithm and ant colony algorithm [3].
The rest of the paper is organized as follows. In the next
section, we introduce the method of environment modeling.
Section III is devoted to the fusion idea of the hybrid
algorithm, and the simulation of the hybrid algorithm is shown
in Section IV, which improves the overall ability of spherical

Abstract - Genetic algorithms (GA) and ant colony algorithm
(ACO) are computational models that simulate the process of
biological evolution and are widely applied to problems related to
path planning. This paper proposes a path planning algorithm
which combines the genetic algorithm and the ant colony
algorithm. The hybrid algorithm overcomes the problem of
genetic algorithm's poor ability in local search, and overcomes the
slow convergence speed, local optimal solution of ant colony
algorithm's in the process of convergence. The effectiveness and
rapidity of the proposed hybrid algorithm is verified by
simulation and experiment. The overall performance is better
than the genetic algorithm and the ant colony algorithm. Finally,
we carried out the experiments to verify the effectiveness of the
proposed hybrid algorithm which could avoid collision and reach
the target safely, and the proposed hybrid algorithm was
compared with ACO and GA respectively. The experimental
results showed that the proposed hybrid algorithm overcame the
defects of ACO and GA, verified the effectiveness and rapidity of
the proposed hybrid algorithm.
Index Terms - the genetic algorithm(GA); the Ant colony
algorithm(ACO); hybrid path planning; the spherical mobile
robot;

I. INTRODUCTION
With the rapid development of science and technology, the
robot especially the mobile robot is growing gradually.
Spherical robot is kind of mobile robot with a fully-enclosed
spherical or spheroid housing. The spherical robot is
characterized by agile motion, it can both roll in any direction
and turn with zero radius, moreover resume stability even if a
collision happened with the other obstacles [1]. So it is very
suitable to be used in these environments, such as industrial
building, civil application, defense construction and space
exploration domain.
The BYQ-3 spherical mobile robot developed by Beijing
University of Posts and Telecommunications can achieve
accurate motion control through the visual navigation system
and it can identify objects with the change of light conditions.
The Ground spherical mobile robot developed by Rotundus of
Sweden can adapt to a variety of terrain environments, such as
sand, mud, and snow, and it can achieve rolling on the water
surface. The amphibious spherical robot developed by the
University of Kagawa (Guo Lab) can complete the underwater
and land movements simultaneously. It uses bionic four-legged
crawling on the land, and uses a water-jet motor to drive
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robot path planning. The hybrid algorithm is applied to the
spherical mobile robot in section V, and conclusions are
addressed in Section IV and Section V.
II. ENVIRONMENTAL MODELING
The Grid method proposed by W. E. Howden in 1968 is
the most widely-used and well-developed environment
modeling algorithm. It is brief and effective, has better
adaptability to barriers, can readily store and calculate for
computer and is applied to many mature algorithm and
techniques successfully. So the work space of spherical mobile
robot is still divided by grid method in this paper. The map
construction of spherical mobile robots is not only the basis for
the research of robot path planning, but also an important part
of the path planning [4]. A reasonable environment indicates
that it is conducive to establishing a planning method and
selecting a suitable search algorithm, ultimately achieving less
time expenditure and planning a more satisfactory path.
Different path planning methods are based on different
environmental modeling. Through modeling of the known
environmental information, the spherical mobile robot can
reach the target point from the starting point without collision.
In this paper, the method used in this environment
modeling is the grid method, as shown in Fig.1, the scale of
this grid map is 20*20, in which the white grid is a feasible
free space for a spherical robot, the black grid is an obstacle,
and the length of the grid is a unit length. In order to ensure the
safety of the robot, the grid is filled when obstacles are less
than one grid. The grid map is constructed using matlab. The
starting point and end point of the spherical mobile robot are
marked in the map. In the Fig. 1, the “ □ ” represents the

Fig.1 Construction of a grid map model.

Fig. 2 Ant's foraging process in ant colony algorithm.

the path search, and the fitness function is the main
consideration of the shortest path length. In this paper, the
main factors that influence the path are the path length, the
number of invisible edges and the offset distance. So the
fitness function is set in the way of weighted summation, and
the form is as follows:
3
 c 
F =  K i 1 − i 
S =1
 Ci 

starting point of the robot, and the “○”represents the end point
of the robot [5].

(1)

In formula(1), s=3 means that the fitness function is
composed of three items, of which K i is the weight of each

III. HYBRID ALGORITHM PATH PLANNING

item,

Based on the comparison of the advantages and
disadvantages of the genetic algorithm and the ant colony
algorithm, I found that the ant colony algorithm in the early
stage search slower, this is due to the lack of pheromone and
the genetic algorithm in the early stage search faster, it is
because of its higher computing speed. Therefore, the basic
idea of the dynamic hybrid of genetic algorithm and ant colony
algorithm is to generate the pheromone distribution by genetic
algorithm before the optimal time, and obtain the optimal
solution through the ant colony algorithm after the optimal
time [6]. This can effectively avoid the "premature" or late
search problems caused by the genetic algorithm, and make the
convergence speed and solution of the ant colony algorithm
have a greater improvement.

ci and Ci are composed of the path length item, the

invisible side item, and the offset distance item. In this paper,
the fitness evaluation function has achieved good results for
the path planning research [8].
B. Ant Colony Algorithm
The ant colony algorithm is a simulation of the ant colony
physical acquisition process. In the biological community, ants
have the ability to find the shortest path from the nest to the
food source without any visible cues, and they can change the
searched path as the environment changes, creating new
alternatives. The mechanism is that the ants release some
pheromones in the path they are looking for, and pass
information on the road conditions through the feedback
pheromone [9]. The ants can perceive the existence and
strength of this pheromone in the process of movement, and
guide their direction, so that the ants climb to the place where
the pheromone strength is high.
In Fig. 2, A is the starting point (the nest), and C is the
food source. From the figure, we can see that the ants have two
paths to get food. We can easily compare the path A-B-C is

A. Genetic Algorithm
Genetic algorithm needs evaluation function to evaluate
the advantages and disadvantages of individuals or solutions in
search evolution, which is the basis of genetic manipulation in
the future [7]. Because some simple genetic algorithms have
the problem that they can’t search all the optimal solutions in
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longer than the path A-D-C, but the ants don’t know that. Now
suppose there are two ants, numbered 1 and 2, respectively,
and there are two paths in which ants 1 and 2 can move toward
the food. In the initial condition, the pheromone amounts in
both paths are zero, so the two ants selection probability of
two paths is the same. Here, it is assumed that ant 1 selects the
path A-B-C and ant 2 selects the path A-D-C. If the walking
speeds of the two ants are same, the ant 2 that selects the short
path will first reach point C. When the ant 2 returns to point A,
the pheromone smell heavy path is selected. Since ant 1 is still
on the road at this time, the ant 2 selects the original route to
return. When the ant 2 arrives at point A, assuming that the ant
3 sets out, according to the principle that ants will choose the
path pheromone smell heavier, the ant 3 selects the path A-DC, because this path already has two ant-passing experiences,
so a group consisting of a large number of ants shows a
positive feedback phenomenon, that is, as the number of ants
increases on the path A-D-C, the probability that subsequent
ants will select this path is greater, which is the shortest path
between two points [10].
In the grid map, there are some obstacles between the
starting point and the target point. In the figure, “□” represents

Fig. 3 Speed-time curve of genetic algorithm and ant colony algorithm.

and late end of the genetic algorithm, and affects the overall
performance of the algorithm. By designing the minimum and
maximum number of iterations, and then counting the
evolution rate of the offspring in the iterative process, and
setting the minimum evolution rate, if the evolution rate is less
than the set evolution rate value within the set number of
iterations, it indicates that the optimization speed of the
algorithm is already very low. At this time, the genetic
algorithm process will be terminated and the ant colony
algorithm will be entered [12].
Through the research and experiment of genetic
algorithms and ant colony algorithms, they generally show the
speed and time curves shown in Fig. 3. It can be seen from the
figure that the convergence speed of the genetic algorithm
to solve the optimal solution in the early stage of the search
( t0 to tc period ) is faster, but the efficiency of the optimal

the starting point of the robot, and the “○” represents the end
point of the robot, and the planning task is to search for an
optimal path from the starting point to the target point. The
objective function is expressed by formula (2),
n

F =

(xi − xi −1 )2 + ( yi − yi −1 )2

(2)

is significantly reduced after tc . In the early stage of search

In formula (2): xi and yi are the coordinate information of

( t0 to tc period), the search speed of ant colony algorithm is

the path point, and n is the number of path points. The
pheromone is distributed on the path between two adjacent
grids, and searches from the starting point. Each step of the
search range is 8 grids adjacent to the current grid, and the
pheromone initialization uses formula (3),

very slow due to lack of pheromones, but after the pheromone
accumulates to a certain intensity (after tc point), the

i=2

a, If " j" is a flyable grid
0, other

τ ij = 

convergence speed to the optimal solution increases rapidly.
Therefore, the basic idea of the mixture of the two algorithms
is to use genetic algorithm to generate the initial pheromone
distribution before the optimal point ( tc point), and then use

(3)

ant colony algorithm to solve the optimal solution after the
optimal point [13].
In order to prevent the premature stagnation of the
algorithm and improve the effectiveness of the algorithm, this
experiment uses the maximum-minimum ant system algorithm
(MMAS) to connect with the genetic algorithm. In the hybrid
algorithm, the path information calculated by the genetic
algorithm is brought into the ant colony algorithm pheromone
initial setting equation (4),
τ S = τC +τG
(4)

In formula (3): a is a constant, and j is a grid adjacent to i.
In this paper, the ant colony algorithm program is written
by MATLAB, the attenuation function is adjusted by changing
the number of iterations. The experimental results are
discussed in Section IV. When using a single ant colony
algorithm for path planning, there are dead corners and it is
difficult to avoid irregular obstacles, which will lead to robot
path planning failure [11].
C. Hybrid Algorithm
The hybrid algorithm transforms global convergence of
the genetic algorithm and the initial solution of the speed into
the initial pheromone distribution of the ant colony algorithm,
and then uses the positive feedback mechanism of the ant
colony algorithm to find the optimal solution. The timing of
the integration of the two algorithms is solved with the
multidimensional function peaks, which avoids the premature

In equation (4),

τ C is

a given pheromone constant, and

τ G is the pheromone value converted by the result of the GA.
The update of pheromone is modified by the ant of the shortest
path, the trajectory update equation (5) as follows,

τj (t + 1) = ρτj (t ) +  Δτ ijk (t )
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(5)

τj (t ) is the pheromone trajectory intensity of
k
path (i, j) at time t; Δτ ij (t ) is the number of pheromone left

In equation (5),

by the ant k on the path (i,j), which represents a trajectory per
unit length; ρ is the persistence of the trajectory, 0 ≤ ρ < 1 ,
and

1 − ρ is understood as trajectory attenuation [14].

IV. THE EXPERIMENTAL PLATFORM OF THE SPHERICAL
MOBILE ROBOT
In this experiment, a spherical mobile robot was used as
an experimental platform, as shown in Fig. 4, the structure of
the spherical mobile robot was symmetrical in the center. It
composed of two parts, the upper part included the AVR
controller, ultrasonic module, power supply module, and
spherical shell, the lower part included two hemispherical
shells and four groups of drives [15]. The mobile robot adopts
bionic four-legged crawling movement on the land and in the
amphibious transitional environment. At this time, the two
hemisphere shells of the lower part are retracted, and four
groups of drive devices are used as the four legs of the robot.
By adjusting the PWM duty cycle to control the speed of the
robot, each group of driving devices is composed of two servo
motors and a water jet motor, which provides convenience for
the control of multi-degree-of-freedom [16]. The sensor of the
spherical mobile robot uses the HC-SR 04, as show in Fig. 5,
which has a high detection accuracy for the surrounding
environment.
This paper uses the information obtained by the three
ultrasonic sensors to construct a grid map. The effective
measurement range of each sensor is 0.02 to 4 meters, and the
measurement accuracy can reach 3mm. Experiments in the
indoor environment are mostly selected as regular obstacles, so
the impact on accuracy is small. The voltage of the hardware
circuit of the ultrasonic system is 5V. The purpose of adding
the filter circuit in the hardware circuit is to reduce the
interference. The environment map is constructed by using
three sensors to sample the experimental environment, and the

Fig. 6 The relationship between the number of ants and the number of
iterations.

sampled information is stored in the computer, then use
VC++6.0 to debug the editing environment and modify the
robot program code. The experimental results are discussed in
Section V.
V. SIMULATION AND EXPERIMENT RESULTS
A. Simulation Results
By comparing the advantages and disadvantages of the
two path planning methods, this part will analyze and verify
the feasibility of the hybrid algorithm through simulation. The
simulation of genetic algorithm, ant colony algorithm and
hybrid algorithm is completed by MATLAB software
platform, and the simulation results of the three algorithms are
analyzed.
Before using hybrid algorithm path planning, we need to
select the appropriate number of iterations for the MATLAB
program [17]. By analyzing the relationship between the
number of ants and the number of iterations, as shown in Fig.
6, as the number of ants gradually increases, the maximum
number of iterations is 70. Therefore, the number of ants in
this hybrid algorithm is set to 100, and the maximum number
of iterations is set to 70.
In order to more vividly express the rationality and
rapidity of the hybrid algorithm, this experiment carried out
dynamic simulation and MATLAB simulation.
The dynamic simulation of the hybrid algorithm is
programmed on VC++. It can clearly see the changing state at
each moment. The elapsed time on the interface represents the
time spent on the search path. When the start button is clicked,
the interface will generate a large number of complex and
unequal routes in the circle, as shown in Fig. 7. As the search
time increases, the complex path gradually simplifies and the
final path planning result will end with a circle which indicates
the optimal path. In order to describe the result of the path
planning vividly, I selected the four moments (t1, t2, t3, t4) of
the elapsed time to represent the simulation process. It can be
seen from the figure that when the elapsed time is 1155.58 ms,
the path is close to a circle, indicating that the path at this
moment is optimal [18].
The dynamic simulation of the hybrid algorithm can
intuitively see the whole process of path planning. The time of
completing the path planning can better reflect the rapidity of
the algorithm. In order to further verify the performance of the
hybrid algorithm, we simulated the ant colony algorithm, the

Fig. 4 Spherical mobile robot control system hardware composition.

Fig. 5 HC-SR 04 ultrasonic distance measuring module.
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(a) t1=14.74ms

Fig. 8 Trajectory simulation of robot under three algorithms.
(b) t2=339.46ms

The experiment was conducted in an indoor environment as
shown in Fig. 9, and the location of obstacles, starting points
and target points were marked in the figure. Firstly, three
ultrasonic sensors were used to sample the environment in the
figure, and the results were analyzed. A total of five data
samples were sampled, as shown in Table 1, the unit of
measurement was centimeters. Due to the high precision of the
ultrasonic sensor, the range of change will not be too large, so
the sampling analysis is selected five times.
The experiment results showed that the error of 5
sampling results were less than 2%, which was very close to
the true value, which proved that this experiment could meet
the actual needs. Therefore, after the environmental
information was sampled, the A/D sampling and data
processing were performed in time. Then the data collected by
the three sensors was matched with the database, and the
corresponding model was extracted for path planning. The
path planning result of the spherical mobile robot was showed
in Fig. 10, and the states of the five moments (t1, t2, t3, t4,t5)
were recorded in the crawling process.
In the environment of the known obstacles, the spherical
mobile robot can determine the location of the obstacle and the
location of the target point according to the sampled
environmental information, and safely move to the target point
without collision or dead angle. It also verifies the
effectiveness of the hybrid algorithm.

(c) t3=759.33ms

(d) t4=1155.58ms
Fig. 7 Hybrid algorithm dynamic simulation graph.

genetic algorithm and the hybrid algorithm in MATLAB. As
shown in Fig. 8, ACO represents the ant colony algorithm, GA
represents the genetic algorithm, and Hybrid Algorithm
represents the hybrid algorithm. From the figure we can see
that the genetic algorithm can avoid collision with the edge of
the obstacle, but its search path is the longest; the ant colony
algorithm has a short search path relatively, but there are dead
angles and walking along the edge during the search process,
which may lead to the failure of path planning in the real
environment; the proposed hybrid algorithm in this paper not
only avoids collision with obstacles, but also greatly shortens
the path length, solves the problem of dead angle and walking
along the edge, the robot can safely move from the starting
point to the target point.

VI. CONCLUSIONS AND FUTURE WORK
This paper aimed to overcome the problems of the genetic
algorithm and the ant colony algorithm in path planning, and
proposed a hybrid algorithm based on genetic algorithm and
ant colony algorithm. The hybrid algorithm was applied to the

B. Experiment Results
The main purpose of the simulation is to verify the
effectiveness and rapidity of the hybrid algorithm. In this
section, the experiment of the hybrid algorithm will be
conducted and the experimental results will be analyzed. In
this experiment, the hybrid algorithm is applied to the
spherical mobile robot, and the effectiveness of the algorithm
is determined by the motion state of the spherical mobile robot

TABLE I Ultrasonic sensor ranging data table.
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Fig. 9 Spherical mobile robot experimental environment platform.

Fig. 10 Spherical mobile robot path planning experimental test.

spherical mobile robot, and multiple ultrasonic sensors were
used to sample the obstacle information in a known
environment. The simulation verified the rapidity and
optimality of the hybrid algorithm. Finally, the hybrid
algorithm was applied to the real environment for further
verification, so as to determine whether the spherical robot
could safely move from the starting point to the target point.
The simulation and the experimental results showed that the
hybrid algorithm both in time performance and optimization
performance was superior to a single genetic algorithm or ant
colony algorithm, it overcame the defects of genetic algorithm
and ant colony algorithm, greatly improving the speed and
efficiency of the hybrid algorithm, to achieve time
performance and optimize performance of a win-win situation.
The hybrid algorithm was applied to the spherical mobile
robot, which also laid the foundation for future amphibious
spherical mobile robot to complete underwater and terrestrial
path planning.
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