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Abstract—In order to improve the real time performance,
accuracy and stability, an obstacle avoidance strategy of
mobile robot based on wireless sensor networks is proposed
in this paper. The algorithm is combined with fuzzy control
and neural network control theory which can express those
rules difficult to describe by using mathematical model.
Simulation results show that the obstacle avoidance strategy
can improve the overall system performance substantially
and is suitable for mobile robot intelligent control.

Index Terms—obstacle avoidance strategy, mobile robot,
wireless sensor networks

[. INTRODUCTION

Nowadays, new technology is constantly emerging
(cloud computing, big data, wireless sensors, etc.)[1-3],
one of present focus research fields is mobile robot which
is the important direction of robot research. The traditional
mobile robots basically use the special processor and
special operating system which cannot satisfy the modern
robot’s development request, with the development of
embedded system, the robot with economization, minia-
turization and intellectualization is developed. Obstacle
avoidance is the important safeguard of safe travel for
mobile robot, as well as one of the most important sub-
jects for research. With the gradual development of the
intelligent robot technology and the gradual spread of
application field, research and development of intelligent
home robot, being the center of interest in the rising re-
search presently, has been becoming a high technology
industry with promising future.

The robot obstacle avoidance and path planning is not
only one of important research directions of mobile robots,
but also an indispensable and important part of the mobile
robots’ navigation technology. The robot obstacle avoid-
ance and path planning in static scenes is the core content
of the global path planning as well as the basis of the local
path planning. Multiple mobile robots system provides an
unchallenged incentive to all researchers in the past two
decades, with its distribution characters in time and space,
as well as its high efficiency. Great interests have been
attracted to application domains including industry, mili-
tary, national defense, daily life, and deep space, etc. In
the research of specific application tasks, such as trans-
porting heavy object, arresting target and multi-sensors
cooperative map exploration, etc., robots are required to
form and maintain specific shapes of formation during the
tasks’ execution. And these lead to a rush in the research
of multi-robot formation control, which is one of the key
techniques in multi-robot cooperation and coordination.

The mobile robot has been used in many fields, such as
military, industry, agriculture and service industry more
and more widely with the continuous development of
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society, as the basic of safe operation and high efficiency
for robot in various environments, obstacle avoidance
planning in recent years has become the focus of research
in the field of robot. The key of obstacle avoidance plan-
ning is to formulate feasible strategy, so that, according to
a certain standard, the robot can move from the start point
to the target point without collision, so, a method is need-
ed to solve the mobile robot obstacle avoidance planning
problem based on the combination of clone selection algo-
rithm and visual graph, in the course of the study, set the
length of path as the standard of obstacle avoidance plan-
ning results, hunt for optimal path in a structured envi-
ronment, then control the entity robot base on the optimal
path. The purpose for obstacle avoidance strategy is to
find out the optimal path between the start point and the
target point, according to which, the entity mobile robot
can move without collision, finally, realize the develop-
ment of mobile robot system.

As the mobile robot path planning problem is nonlinear,
multi standard and difficult to obtain the global optimum
path, so there is some difficulty to solve this problem
using traditional method. While the clone selection of
artificial immune system algorithm can take various fac-
tors into consideration, and find optimal solutions through
continuous optimization of the population, at the same
time, clone selection has the characteristics of diversity,
robustness and distribution, so, the algorithm can fully
meet the needs of the obstacle avoiding planning problem
for mobile robot. But the traditional clone selection algo-
rithm has remarkable shortcoming: slow speed of conver-
gence. In order to solve this problem, the traditional clone
selection algorithm should be improved then, combine it
with the visibility graph method, the improved algorithm
can find for the optimal path and significantly improve the
efficiency. It should be realized roaming behavior and
target tracking behavior of mobile robot, then, apply the
obstacle avoidance planning method for mobile robot
based on clone selection and visibility graph in different
environment, prove that the algorithm can meet require-
ments of robot obstacle avoidance planning, finally, con-
trol entity robot according to optimal path, prove that this
algorithm can satisfy the needs of entity robot in the real
environment.

II. OVERVIEW

The embedded mobile robot platform is designed and
developed independently in Wei’s paper [4], which is
based on embedded system, it provides a solution of
hardware and software design for mobile robot. The robot
platform has the characteristic of Porting and expansibility,
and the system of obstacle avoidance is studied in this
platform. ARM microprocessor S3C2410 with high ad-
vanced capacity is used as the chief chip to design the
bottom movement control system. Peripheral circuit and

http://www.i-joe.org



PAPER
OBSTACLE AVOIDANCE STRATEGY OF MOBILE ROBOT BASED ON WIRELESS SENSOR NETWORKS

expansion interface are designed; the module of step mo-
tor driven is emphatically designed. Based on the robot
hardware design, the Porting of Linux operation system is
achieved and the driver of step motor is developed. The
ultrasonic sensor is used for environment survey of mobile
robot and the distance measuring module of multi-sensor
which is based on AT89CS52 controller is designed, the
precision of distance measuring can satisfy the request of
obstacle avoidance by carrying on a series of experiments.

Neural fuzzy control algorithm is proposed in Pereira’s
paper [5], the design and implement of the algorithm is
discussed in detail. The accuracy and the validity of the
proposed algorithm is proved by the simulation results, the
safe obstacle avoidance of mobile robot is realized by
transplanting the algorithm into embedded mobile robot
system. In the actual test, the design of the mobile robot’s
platform and the algorithm of obstacle avoidance can
rapidly and efficiently achieve obstacle avoidance of the
robot.

Stepper motor movement control system based on
S3C44BOX+uC Linux system and advantage of stepper
motor are introduced in Zhang’s paper [6], including the
design of stepper motor driver circuitry and development
of device driver program in Embedded Linux system.
Finally, the realization of software and hardware of ultra-
sonic measuring system and running process of automatic
obstacle avoidance system are discussed, including design
of ultrasonic measuring system circuitry and development
of ultrasonic device driver program. According to obstacle
avoidance algorithms, depended on periphery circum-
stance information from ultrasonic sensors, the application
program designed in Linux running environment, is able
to make use of stepper motor device driver and realize the
function of obstacle avoidance and navigation.

Zhang’s paper [7] researches on several technologies of
autonomous obstacle avoidance which are used commonly
at current stage, just as APF,ANNs and Fuzzy control.
Then it design a set of Manipulator Mobile robot com-
prised by the PLC, motor drive, servomotor, communica-
tion module, main equipment and navigation modules etc.,
and based on which is to research autonomous obstacle
avoidance of mobile robots. The ultrasonic sensor works
simply and fast, so it is useful to accomplishing the real
time controlling. Based on those, Wang’s paper [8] takes
it to detect the environment, and designs an autonomous
obstacle avoidance control system which combined fuzzy
algorithm with behavioral control. In Zou’s paper [9] the
robot obstacle avoidance behavior was divided into three
acts: Heading the same behavior, avoidance behavior and
conduct emergency stop. Ultimately, by completing a
chain of physical experiments of the autonomous obstacle
avoidance, the purpose of autonomous obstacle avoidance
of the mobile robot and keep the same navigation after
avoiding the obstacles was achieved. According to the
results of physical experiments, the feasibility of the de-
signed control system can be verified.

The structural features of 8D-WMM show the charac-
teristics of redundancy, so the problems of its motion
planning are more complicated than mobile robot and
traditional redundant robot. Furthermore, because 8D-
WMM generally works in complicated environments with
obstacles, it is meaningful to enhance its operating ability
by use of the redundancy in non-structural environment
full of obstacles. Nowadays, it is lack of systematic study
in framework integration of WMM and inverse kinematics

1JOE — Volume 12, Issue 11, 2016

optimization facing obstacle avoidance throughout this
field, which cannot fully exert the flexible operating abil-
ity of this kind of robot in complicated environment.
Tao’s paper [10] focuses on theoretical exploration on
motion planning method of 8D-WMM including kinemat-
ics, path planning, obstacle avoidance, and end effector
operation. Besides, the 8D-WMM system was built for
elderly and disabled aid, and experiments were carried out
to testify theories. Because the 8D-WMM includes con-
straint, it is difficult to obtain analytical solution of self-
motion manifold. Therefore, based on the theory of
movement equivalence, it is carried through study on its
kinematics and solved 8D-WMM self-motion manifold by
combining geometric distribution characteristics of 8D-
WMM joint axes and using the tool such as vector algebra.
And it also got Jacobian matrix by using the speed super-
position principle through regarding mobile platform as
Generalized Kinematic Pair.

To easily evaluate the obstacle avoidance capabilities of
a redundant robot, Ling’s paper [11] proposed and estab-
lished obstacle avoidance ability index of redundant robot
which has intuitive geometric meaning in virtue of space
measurement of pole self-motion trajectory-obstacle
avoidance activity, whose solution is obtained through a
planar 3-DOF robot, and further analyzes the influence of
8D-WMM framework size on its obstacle avoidance abil-
ity by using the index. In the aspect of path planning study,
the typical operating environment and obstacle of 8D-
WMM were analyzed. Then the avoidable criterion of
various obstacles such as flat top, slant, and dome, etc.,
was given by using the results of 8D-WMM self-motion
analysis and combining the characteristics of arms joint
configuration and the solution to the mobile manipulator’s
obstacle avoidance area was analyzed. The path planning
algorithm of the mobile platform facing obstacle avoid-
ance area and manipulator facing the outline of obstacles
were presented. Through the trajectory tracking of a pla-
nar 3-DOF robot and the simulation examples of 8D-
WMM implementation window, the algorithm feasibility
is validated.

The key of obstacle avoidance planning is to formulate
feasible strategy, so that, according to a certain standard,
the robot can move from the start point to the target point
without collision, so, a method is needed to solve the
mobile robot obstacle avoidance planning problem based
on the combination of clone selection algorithm and visual
graph, in the course of the study, set the length of path as
the standard of obstacle avoidance planning results, hunt
for optimal path in a structured environment, then control
the entity robot base on the optimal path.

[II. METHOD AND ALGORITHM

The Obstacle Avoidance Control (OAC) is an experi-
mental system, which is generated by using VR technolo-
gy and is suitable for virtual experiments, including corre-
sponding laboratory environment, related experimental
instrument and equipment, experimental objects and ex-
perimental information resources. Students can observe
one experiment object from different views in a simulated
3D experimental scenario on a computer in the OAC and
can select or drag via the mouse to complete interaction
with the virtual experimental objects. The virtual teaching
laboratory system is designed and studied in order to pro-
vide a virtual experimental environment to users under
which users can get different components, and connect
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copy, move and delete them. The structure of a OAC
platform is shown as the Fig. (1).
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Figure 1. The basic structure of the platform

When the spatial relationship between the two adjacent
connecting rods i-1 and i changes in accordance with the
following motions, the coordinate transformation can be
accomplished.

1) Revolve 0i around axes Zi-1 until it reaches the po-
sition where axes Zi-1 is parallel to axes Zi;

2) Translate distance di along axes Zi-1 to cause Xi-1
to be collinear with Xi

3) Translate distance Ai along Xi to cause the coordi-

nate system origins of the connecting rods to be coincided;

4) Revolve angle Ai along Xi to cause axes Zi-1 to be
collinear with axes Zi

The basic algorithm is shown as the equation (1):
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Rewrite again Eq. (4) as

fri(x) =

1 S (t)
)f (¢- x)
1 p a
" Tir® if(t)g(x-r)(dt) (6)
= f(x)*g(x),
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The linear equation can be expressed into the following
simplified forms:

LV,0)f(x,w)=0
LV,0)=T(V)+w’pJ (9

In which,
rewy [ ™) 5™ H S le OH
(1(V) -7(V) 0
f(x,w) = u"(x’w)H (10)
(x, )

The Proteus simulation circuit is shown as the Fig.
(2). Open a microcontroller property window of the parts,
add the above compiled target code files at “Program File”
menu, and input the crystal frequency 11.0592MHz at
“Clock Frequency” field. The simulation results are
shown as the Fig. (3).

IV. EXPERIMENT RESULT

The whole design is realized through Verilog HDL
2001, and without FPGA IP cores, so the proposed design
belongs to independent platform that can be applied to any
FPGA module such as Xilinx and Actel. Nevertheless,
XilinxISE9.2i is used in the FPGA implementation exper-
iment in this paper, and simulation of performance func-
tion uses Questa Sim 10.0b which is matched with Xilinx
Virtex-5 FPGA. Fig. 4 shows the implementation of
hardware test system of the proposed design, including
COMTECH modem for modulated input, Tektronix
TLAS5201B logic analyzer for capturing and observing the
output of demodulator.
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Figure 2. The simulation circuit diagram
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Figure 3. The circuit simulation diagram

Matlab is a high-level language with high efficiency
used in scientific engineering calculation. It is also good at
visual display of data in that it is capable of showing data's
two, three or even four dimensional manifestations. Fig. 5
and Fig.6 show respectively the robot's working space
drawn with Matlab's three dimensional plotting function
plot3 and its projection on Plane xoz.

Since the differential equations have important applica-
tions in the natural sciences, technology and population
dynamics, there is a permanent interest in obtaining
sufficient conditions for the oscillation or non-oscillation
of the solutions of various types of even-order/odd-order
differential equations; see references in this article, and
their references.
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If x is a positive solution of (1), then the corresponding
function z(¢) = x(¢) + p(t)x(7(t)) satisfies:
z(£)>0,z""(t)> 0 an
zZ"() <0
Assume that @ 2 1,¢,d ER. 1f ¢ 20,d =0, then
1
20{—1

By the definition of convex function, we have

c+d, _[flo)+/(d)
J(—)= 5

c“+d” = (c+d)* (12)

(13)
That is,
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= (c+d) =c” +d” (14
So we get the equation (12). This completes the proof.
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Figure 5. The working space for robot
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Next, we establish our main results. For the sake of
convenience, let

O(1) = min{q(t),q(T())} ;5

14

Assume that

) "I O()dt =
fo (16)

Further, assume that the first-order neutral differential
inequality

() + %y(r(t»)‘ s ?
(17)

A’ n-1 a .a <
(mg @)y (o) =0

V. DISCUSSION

Test of the forward kinematics solution. The forward
kinematics solution for the 4 DOF robot is theoretically
solved according to D-H transformation of the robot joint
coordinate system. Experiments are done to test and verify
the correctness of the forward kinematics solution and the
robot performance. Six groups of the joint variables are
chosen randomly from the robot joint space. The robot
starts motion from zero point. The actual positions of the
manipulator in the robot base coordinate frame are meas-
ured. The six groups of the joint variables are substituted
into the forward kinematics solution equation to obtain the
theoretical position. The test result of the forward kine-
matics solution can be obtained with actual position com-
pared with the theoretical position.

Traditional grid map every vertex has 4 edge neighbors
and 4 vertexes neighbors. The traditional grid map pro-
vides four moving direction choices for each location.
Triangular mesh map we can see that every triangle has 3
edge neighbors and 9 vertex neighbors, so it has 12 cell
neighbors in a non-boundary triangle cell.

The triangle mesh map provides 12 moving direction
choices for each location, and we know that the triangle
one has good precision, high efficiency and facility of
dealing with geo-character, such as rupture line ,
construction line which results in a much smoother path
compared with the traditional grid map. This series of
figures and table we show deferent path developed with
different cost functions in different terrain models to see
the influence of smoothing process basing in triangular B-
spline method.

In the comparison principle in (7) we do not assume
that the deviating arguments are either delay or advanced
type, and hence this result is applicable to all types of
equations. Further, the comparison principle established in
(7) reduces oscillation of equation (1) to find conditions
for the first-order neutral differential inequality (5) has no
positive solution. Therefore, applying the conditions for
equation (5) to have no positive solution, one can immedi-
ately get oscillation criteria for equation (1). The result of
calculation shows that the robot's working space V equals
1.92m3, and the volume index reaches 0.64. The simula-
tion results prove such designed robot meets the expecta-
tions for eggplant in greenhouse and is able to work more
efficiently. The simulation validates the rationality of the
structure design.

After analysis, the TD parameter is opposite and inde-
pendent. So the controller parameters located between the
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ESO and NLSEF. In order to coordinate influence be-
tween the two parameters, we use particle swarm optimi-
zation algorithm to optimize the main performance pa-
rameters. Base coordinate is selected in turret turning
center. The robot moved on the z coordinate plane motion
which digging. Scoop is equivalent to manipulators grip-
pers at the end and target above can be used to identify
shovel and bucket tilt can be used to identify bucket atti-
tude.

VI. CONCLUSION

The robot obstacle avoidance and path planning in stat-
ic scenes is the core content of the global path planning as
well as the basis of the local path planning. In order to
improve the real time performance, accuracy and stability,
an obstacle avoidance strategy of mobile robot based on
wireless sensor networks is proposed in this paper. Multi-
ple mobile robots system provides an unchallenged incen-
tive to all researchers in the past two decades, with its
distribution characters in time and space, as well as its
high efficiency. The algorithm is combined with fuzzy
control and neural network control theory which can ex-
press those rules difficult to describe by using mathemati-
cal model. Great interests have been attracted to applica-
tion domains including industry, military, national defense,
daily life, and deep space, etc.

The key of obstacle avoidance planning is to formulate
feasible strategy, so that, according to a certain standard,
the robot can move from the start point to the target point
without collision, so, a method is needed to solve the
mobile robot obstacle avoidance planning problem based
on the combination of clone selection algorithm and visual
graph, in the course of the study, set the length of path as
the standard of obstacle avoidance planning results, hunt
for optimal path in a structured environment, then control
the entity robot base on the optimal path. In the research
of specific application tasks, such as transporting heavy
object, arresting target and multi-sensors cooperative map
exploration, etc., robots are required to form and maintain
specific shapes of formation during the tasks’ execution.
The result of calculation shows that the robot's working
space V equals 1.92m’, and the volume index reaches 0.64.
The simulation results prove such designed robot meets
the expectations for eggplant in greenhouse and is able to
work more efficiently. The simulation validates the ra-
tionality of the structure design. So the simulation results
show that the obstacle avoidance strategy can improve the
overall system performance substantially and is suitable
for mobile robot intelligent control.
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