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Abstract—This paper aimed at the environment is unknown,
the mobile robot can replace or partially substitute for
the of

environmental detection and upload information. A path

personnel to enter scene implementation
planning method is proposed for obstacle avoidance of robot

based on fuzzy control algorithm is given; and the

membership functions of the fuzzy reasoning, and
introduces fuzzy designer. System goals, a mobile robot
using fuzzy control for path planning, based on the
ultrasonic sensor to sense the surrounding environment, so

as to reach the goal of autonomous robot.
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[ .INTRODUCTION

Mobile robot™ is able to perceive the external
environment, dynamic planning routes, so as to realize
the intelligent machine system of autonomous movement,
the research involves a number of disciplines sensor
technology, automatic control, artificial intelligence,
computer vision, information technology. Real-time
obstacle avoidance and navigation of mobile robot.

Mobile robot must be able to independently exercise
must comp lete path planning, localization and obstacle
avoidance path planning task, which has been the
difficulty of the research of autonomous mobile robot, its
task is to be fromthe robot to the initial state to the target
state planning a collision free path, the robot can safe
movement to the destination. Path planning of mobile
robot can be divided into two types: global path planning
and local path planning. Global path[Z] planning requires
knowing the location information of all the roads on the
path of robot walking in advance, and then according to
these information using a certain method of planning a
collision free path between the start point and end point
of any given. Research on global path planning has been
basically mature, the main methods of graph search
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method, the generalized cone method, the pose space law,
vertex graph, regular grid method etc.. These methods in
path planning requires a large amount of calculation in
order to set up the environment model, the navigation
process should continue to judge the robot and
environment relative position, because of the uncertainty
of environment information, sometimes leads to failure,
and the poor real-time performance. Local path planning
without these defects, the utility model has the advantages
of using local information, dynamic path planning, not
only reduces the amount of calculation, and have a
stronger ability to adapt to the environment, path planning
out smooth and flat, real-time performance. The most
typical representative of the local path planning is the
artificial potential field method, its basic idea is that the
motion of the robot in the environment as a virtual
artificial stress field in the synthesis of movement, the
robot and obstacles will exist between the draught force
virtual virtual repulsion, and target, attraction and
repulsion force of robot the acceleration or deceleration
motion and change the direction of movement, until
finally reached the destination.

Mobile robot obstacle™! avoidance and navigation
has always been a pair of contradictions, navigation aims
to enable the robot to the superior path fromthe start
point to the end of movement, and the obstacle avoidance
behavior in the process of movement and force the robot
away fromthe end of the. Obstacle avoidance to the robot,
the fundamental premise is found, so finding a more
concise obstacles search algorithm, on the basis of
obstacle avoidance of robot, which is expected to solve
the contradiction of obstacle avoidance and navigation.

In addition, the robot is a highly nonlinear, strong
coupling and
mathematical model is hard to establish the practical
application, which makes the use of traditional control

time-varying system, more precise



method is difficult. The fuzzy control method is mainly
control experience of human, and on the basis of
summarizing control rules to achieve the control of robot.
The obstacle avoidance and navigation of the fuzzy
control method to realize the robot in recent years has
made many achievements. Therefore, based on the main
content of this paper is in search of the barricade, obstacle
avoidance and navigation and obstacle avoidance fuzzy
control method to realize the robot, which is simulated
with visual c++ programming, the effect is good.?!

II Fuzzy CoNTROL

Because fuzzy control does not need to establish a
precise mathematical model of the control system, but
also in the process of designing the fuzzy controller, more
adding control rules to human experience as the
foundation, makes the design process is relatively simple,
but the actual control effect is very good, in recent years
has been rapid development.

A.  Fuzzy Membership Function

In the fuzzy control for fuzzy reasoning are fuzzy
variables, and between the position of the robot and the
collision point to detect the actual distance D, collision
point azimuth angle a and deflection angle 6 are
accurate, so the fuzzy reasoning will be required before
the exact amount of fuzzy. According to the distance to D

size, the domain is divided into {"near", "medium"”, "far"},
i.e. {NEAR, MIDDLE, FAR}. According to the azimuth
of the size and in the navigation line on the range, the
domain is divided into "negative", {"negative", "negative",
"zero", "small", "middle", "big"}, i.e. {NB, NM, NS, ZE,
PS, PM, PB}. Also the angle domain is divided into
"negative”, {"negative"”, "negative", "zero", "small",
"middle"”, "big"}, i.e. {NB, NM, NS, ZE, PS, PM, PB}.
According to the actual debug results, the distance of
0<d <60 is divided into NEAR, 20<d <100 is divided into
MIDDLE, d >60 is divided into FAR, membership
function shown in figure 1-1. The same azimuth o, —
90<a < —60is divided into NB, —60<a < —60is
divided into NS, —40<a < —60 is divided into NM.
—20< a <20 into ZE, 0< . <40 into PS, 20< a <60
into PM, 40< a <90 into PB, membership function is

shown in Figure 1 - 2. The fuzzy partition of deviation
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angle and azimuth angle, the membership function is
shown in figure 1 - 3.
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B. Fuzzy Controller Design

The basic principle of fuzzy control can be
represented by Figure 1 - 4, the core part is a fuzzy
controller, such as part of the map shown in the middle
box The control rules of fuzzy controller is realized by
computer program®®!. Through the sampling is
controlled by the precise value, then the value is
compared to the error signal E with a given value.
General error signal as the input of the fuzzy controller E.
The input is an analog, after analog-digital conversion
into digital quantity into fuzzy processing module and
output fuzzy variable, the fuzzy quantities available
corresponding fuzzy linguistic representation. We can get
the fuzzy language error E is a subset of theset E, e and
fuzzy control rules (fuzzy R) make decisions based on
compositional rule of inference, fuzzy control is obtained:
U=e ° R, where u is the fuzzy weight.
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In order to apply accurate control to the controlled
object, there is also a need to fuzzy u into accurate value,
this process is called non fuzzy processing (also known as
fuzzy or clear processing). The precise digital control, the
DAC is analog precision and then sent to the actuator, so
as to realize the object control.

1)
the key to the performance of the merits of the design of

fuzzy control rules:A fuzzy control system is

the fuzzy controller, usually have to design a fuzzy
controller has the following steps.

a) the fuzzy fuzzy controller's input and output
variables;

b)
control experience

the control rules of fuzzy controller design,
in this process is actually the
induction and the summary;

c) according to the method of actual control system
selected fuzzy reasoning and defuzzification of the
appropriate;

d) to determine the fuzzy controller's input and
output variables of the domain, and to determine the
parameters of the fuzzy controller.

The input of the fuzzy controller is the system
deviation E, pass through fuzzy processing can use fuzzy
linguistic variables to describe the deviation of E, if T (E)
E language value set, then:

T (E) = {NB,NM, NS, ZE, PS, PM, PB}.

If T (U) that control the output of the U language
value set, then:

T (U) = {NB, NM, NS, ZE, PS, PM, PB}.

The fuzzy control rules can be expressed as:

RULE 1: IFE1 THEN Ul ELSE

RULE 2: IF E2 THEN U2ELSE

RULE 3: IF E3 THEN U3 ELSE

RULE n: IF En THEN Un ELSE

Each rule can construct a fuzzy relation Ri, so the
fuzzy rule for:

R=R1MR2MR3M .. ARn. If the known E

according to CRI synthesis reasoning method,

*

U =E ©°R.
The membership function of R:

UR (xy,2)= Ua(X) A Ug(y) A uc(2)
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When the input variables to the fuzzy set A, B, U
output fuzzy variables can be expressed as:
U= (AXB) °R
The membership function of U:

Uy (Z):UR(X,y,Z) A (UA(X) A UB(Y)), vxeX |
vyeY )

2)
based on solving the fuzzy output fuzzy quantity using

fuzzy reasoning algorithm:Fuzzy reasoning is

the input fuzzy inference rules. Compared with the
commonly used fuzzy inference rules for Mamdani
maximu m-minimum synthesis reasoning method of ')

LetAi,Bi ,Ci onfuzzy language domain X, Y, Z

on the set, the fuzzy relationship between each control
rules for:

Ri:(Ai xBi)xci_
The membership function of R for:
URi (xy,2)= Uai (%) 5 Ugi (y) A uCi(Z)’ vxeX

vWeY viez.

Set up a total of N fuzzy relation that is fuzzy

g
relation, total: R=1=1 R'.

3) Defuzzification:The fuzzy output fuzzy
inference obtained according to certain algorithm into
a precise value to the control object, this process is
called defuzzification, also became clear processing.
There are 2 kinds of fuzzy method:

a) the maximum membership degree method of
maximum membership degree method refers to the fuzzy
inference to focus on selecting the maximum membership
degree elements as the method to control the amount of.
The method is simple and easy, but also eliminate the
influence of other membership smaller element, poor
control precision.

b)
considering all elements of control, high control
precision. When the membership function of output is a

the method of center of gravity method



continuous function, calculation formula of control

volume can be expressed as:
max
_[u,u(u)du
__ min

J.;z(u)du

min

u

When the membership function of output as a discrete
point set, calculation formula of control volume can be
expressed as:

. i(uiﬂi)
_ i

B Zn:ﬂi

i=1

u

Thus, after the above steps, the fuzzy controller has been
designed.

Il.  OBSTACLE AVOIDANCE, FUZZY CONTROL
ALGORIT HM OF Bl

As shown in Figure 2 - 1 shows! the first collision
point P robot from a starting point to find along the
navigation line direction, then according to the points and
the current robot position (starting point) and the distance
between the D distance and P azimuthal o, combining the
fuzzy control algorithmto make the robot to offset to a
point of 8 can successfully avoid moving collision
point P and to the P’ position. The point P’ s the
origin, as anew P’ and the end of the line, and this line
as the axis X' , perpendicular to the X’ axis on the Y’
axis is the establishment of a new coordinate system, the
coordinate systemaccording to the obstacle search
algorithmto find the next collision point, once again the
implementation of fuzzy control algorithm. Because the

robot in the process of moving always along the real-time

navigation line direction, in theory should be able to
[10]

successfully reach the end of the final

Figure2 — 1 Schematic diagram for the search of
obstacles
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As shown in Figure 2 - 1 shows coordinates, set the
current robot position coordinates (X, Yo), collision point
P coordinates to (x, y¥), end coordinates (xg, yq) for
calculation of D, distance and azimuth o by:

d = (x=%) +(y-,)’

ar=atan((y - Yo) [(x=X,)) - atan((y, - Yo) /(x; =%,))

If during the movement of the robot, bypassing the
(x" ,v' ) thenthe
robot's current coordinate is setto (x’ ,y' ), the

mobile collision point P and P’

coordinate values into the formula to calculate the
distance of D and azimuth angle a, so the cycle until the
robot reaches the end calculation.

The above process is assumed to search to search
radius collision point when P is R, the azimuth angle a ,
according to the fuzzy control rules for the deflection
angle 6 .

1. OBST ACLE AVOIDANCEPATHS PLANNING FOR

FUZZY CONTROL RULES

This process will distance D fuzzy: NEAR,
MIDDLE, FAR three grades, azimuth ambiguity: NB,
NM, NS, ZE, PS, PM, PB seven grades, according to
people driving experience all can get 21 control rules, the
fuzzy control rules using "IF THEN" the statement as

follows:

RULELl: If d IS FAR ANDalS PS
THEN 6 IS NS;

RULE2: If d IS FAR ANDalS PM
THEN® IS NM;

RULE3: If d IS FAR ANDalS PB
THENS® IS NB;

RULE4: If d IS FAR ANDulS ZE

THEN®G IS NS OR8 IS PS;

RULE1l: If d IS MIDDLE ANDa IS
THEN®G IS NM ORS ISPM;

ZE

RULE18: If d IS NEAR ANDalS ZE
THEN® IS NB ORO ISPB;

The rule 4, 11, 18 shows whether the current robot
position and the obstacle distance regardless of distance,
as long as the azimuthal o= 0, namely the obstacles in the

4



connection position of the mobile robot and the end, the
deflection angle of 6 can be positive or negative; rule
15 ~ 21 shows when the obstacle is near robot, deflection
angle ® must be large enough to avoid obstacles. Thus
it can be seen, these rules directly from people's driving
experience.

V. SIMULATION RESULT S

In order to verify the feasibility and effectiveness of
the presented algorithm, the simulation experiments,
simulation results show that the algorithm has good
feasibility.
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Figure 4 - 2 obstacle avoidance simulation results

V. CONCLUSION

This paper discusses the design scheme of robot path
control based on ATmage128 single chip microcomputer,
walking robot with obstacle avoidance path planning
based on fuzzy control, infrared sensors to sense the
surrounding environment, thereby robot reaches the
preset target autonomous mobile. The paper gives the
membership function of the fuzzy control, obstacle
avoidance, fuzzy control rules is introduced.
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