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Autonomous Guided Vehicle Using
Self-Organizing Fuzzy Controller

Young-Nam Na'- Yun-Bae Lee'*

ABSTRACT

Due to Lhe nereasc in imporlance of factory-automation (FA) in the [ield of production, the importance of Lhe aulcinomons
guded velucle's (AGV) rale has alse increased. This paper 1s about an aclive and effective controller which can flexibly prepare
for changeable circurnstances For this study, research aboul an behavior-based system evolving by ilgell is also bemg
considered In this paper, we consiructed an actve and effeclive AGY fuzzy controller Lo be able to earry oul sell-organizalion.

To construct 1t, we tuned suboptimally membership function usimg a genetic algorithm (GA) and improved the control efficiency

by self-correction and the generation of control rules,

1. Introduction

Roboties, the discipline of artificial intelligence re-
secarch. aims to make an intelligent machine which has
flexible adaptability stmilar to human. There are many
studies about arlificial intelligent robots, but robolics 1s
difficult to study because 1l requires integrated studics
and the knowledge of various parts.

Diue to the merease of FA's mmporlance m the field

# Tlis sludy was supporled by research funds from Chosun uni-
Vermty 1999

of production, the importance of the AGV’s role has alsa
increased The sludy 1s aboul an aclive and ellective
which

controller can prepare for changing cuwcum-

stances as they progress. lor this study, the research
aboul a self-evolving behavior-based system is also
actively bemg conduciled

In tlus paper, we proposcd an active and effecuive
AGY controller using a fuzzy controlier which 15 able
to perform self-organization. For forming the fuzzy con-
trol to perform self-organizalion, we tuned lhe mem-
hership [unction to the most optimal using a genetic
algorithm (GA) and improved the conirol elliciency by

the self-rorrection and generation of contral tules.



The existing AGVs emploved a differential and inte-
gral caleulus {(D&I) type contraller whose Infuitiveness,
were [lexibihty and controlling elliciency was lower
[1-2]. Therefore, it didn't have the ability to actively
prepare for the changeable circumstances, However, the
self-organizing control (SOC), the fuzzy controller s
capable of learning and adapting It can also generate
and correct the control rules. It can ihen flexibly prepare
for changing circumstances and can elfectively express
the ambiguous and approximate phenomena in the real
world by using fuzzy logic. It can make an intuitional
controlier by using linguistic expressions.

The S0OC luzzy controller proposed in 1his paper is
capable of sell-organizing by combining the charac—
teristics of a fuzzy controller and a genetic algorithm.
It intwitionally controls the AGV and can easily adapt

lo circumstances as a human world.

2. Fuzzy Controller

Fuzzy logic 1s hased on the fuzzy sel theory proposed
by Zadeh in 1965, The Fuzzy set is a useful method
lo describe qualtatively such ambiguous linguistic
valies as “large” or “small”. Decision-making under
ambiguous circumstances can't be explaned using
classical logic, it must be explamed by the introduction
of luzzy logic. Fuzzy logic is a representative 1ool which
can artificially make a human-like decision. [t can realize
an expert syslem which performs the same functions
as human experts, since 1t describes the experiential
knowledge hy “i-then” rules and then artificially
implemenling the mechanism of human decision-mak-
ing. Since fuzzy logic imitates the ability of human
decision—making, it is apphed in a variely of areas such

as technology, social science, and medical science [3-4].

21 The determmnation of input vanables and fuzzy
values in the fuzzy control

The fuzzy infercnce used in this paper can be

expressed as a Multiple Input, Single Output (MISQO)

rule set, which has the rule base as follows [9-10].
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Ry IF Xis A(l} and Y is B(1) THEN Z is C(1), also
Ro tIF X is A(2) and Y is B(2) THEN Z is C(2), alsa

RoiIF Xis Aln) and Y is B{n) THEN Z 15 Cln),

Here, A{l}, A(2), -~ Aln) and B}, B(2), .-, Bin)
and C{1), C{2), -+, Cln) are the fuzzy sets of lingwstic
terms of input variables X, Y and output variable ¥.
The above expression is transformed inlo a fuzzy

relation as flollows [5],
R=also (Ry, R, . R

The twa variables used in an “i[-clause” cxpress the
AGV's dislance € from Lhe target line and its moving
direction &

(Fig 1) AGY Input varables used in simutation

An output variable used in a “then-clause” expresses
the AGYV's handling direction.

Where x and y represent the present position of AGY,
Xp and Yp show the position’s point of the mosi near
obyect-line i AGV. On means an angle of tangent hne
in the point of Xp and Yp, Here, the fuzzy sets for each

input and oulput variable is as follows



1162 S=8EHEIEE =28 A7 H4m=20004)

2 1.1 AGV's distance from the target line (D)

D € {LF(Left Far), LN(Left Near), MD(Middle),
RN(Right Near), RF{Right Far}}

The fuzzy vanable LF indicates that the AGV runs
{ar apart from the larget line to the right. LN means
that il runs near the left side of Lhe targel line. MD
means that it runs on the target line. RN means that

it runs near the right side of the larger line.

-100 -5 0 50 100

(F1g.2) The membersiip function for distance from
target path

2.1.2 AGV's navigating ditection (V)

V £ {LN(Large negative), SN(Small Negative),
MD{Middle). SP{Small Posilive),
LP(Large Positive}

The fuzzy vanablc LN shows that the AGY iz
moving to the lelt side of the target line. MD mesns
that it is movimg in the direclion of Lhe target

LK Sk MD sP LP
-90 -45 ] 45 40

(Fig. 3} The membership function for the moving
direction of AGY

2 1.3 AGVY's handling angle (A)

A € {LN(Large Negauve), SN(Small Negative).
ZE(Zero Equal). SPiSmall Positive),
LPtLarge Posilivel}

The [uzzy vanable IN means Lo turn the AGV's

handle [ar to the lelt. 7E means to move straight

without touching Lhe handle. SP means that the AGV’s

handle should be tumed slightly to the right
Although each step must he divided mnto more details

for Iine conlrel, we divided Lhem inlo steps as the above

[igures for the intal steps ol our experiment.

-30 ~15 G 15 30

{Fig. 4) The membership function for the handing
angls al AGY

Generally, triangles and trapezoids or Gaussian fane-
tions are used as the shape of a membership Lunction,
but we can use a lriangle in thus paper Wc can usc
a correlation minimum method [or luzzy inlerence and
a centroid defuzzfication method for defuzzilication

In this paper, the AGV is controlled by fuzzy rules
which have two mpul varables, The conlroller’s char—
acter and efliciency are determined by the number of
mput vanables or the shapes of their membership func-
Liong, so their selecuion must be made properly. The ex-
perienced operator’s knowledge and the control cxpert's
knowledge or reul data are used for fuzzy parlition.
gince there are no general algorithms and laws lor it -~
Because it is dillculf (o describe the egperiential
lnowledge complelely, a "Cut-and-try” method is
requited Lo find eflicient rules. In this paper we used

the GA [or iheir optumal decision.

2.2 Fuzzy Control Rule

There is “state cvalualion” and “olbject evaluauon”
in the fuzzy control rule used [or fuzzy conlroller design.
The state evaluation 1s generally introduced i [uzzy
control, and 1 is also used [or simulation in this paper

Its general 1ype 13 as [ollows
Ri Il xis AL -, and v is Bi then z 15 filx, -, v)

The olject evaluauon is called the predictive fuzzy

control rule. ns general [orm is as [ollows.



Ri:Hla is G — (x is Al and v 18 Bi) then w e Ci}

Il this control rule is used. we can predict the nesxt
state of plant and control i move smoothly,
These are the methods [or extracting the fuzzy

contrel rule .

1) The method introducing lhe experl’s experience snd
knowledge,

2 The method extracting a operator's function

3) The method using the controlled process's fuzzy
moedel.

4) The method adding learning akility to the controller.

The gim of this study is to organize an active con-
troller which has learning and adapling ability. Alter
giving heuristic control rules, we composed the SOC
fuzzy controller by using a genelic algorithm, which can
revise the existing conbrol rules or generale new control
rules,

2.3 Fuzzy nference and defuzzification

Inference means to exlract new facts or relations
[ram the given facts or relarions, IL can get the new
controller's outputs combmed using the controfler's
inpuls and control rules In this paper the Max—-Min rule
of the various mlerence methods was used. It 1
proposed by £ H Mamdani. Its implication and inference

are as follows.

2 Ble, ce, co) = Mm{ xEle), pCElee), ¢COlro))
£ CONea) = Max-Min( ¢ Elc’), uCElee’), #COlcol}

| diroction distance [ 1 [ o | win | aw | ow
| LK IP | P | 1I' | 8P | ZE
SN P | 5P | 5P | ZE | SN
MD LF | SP | ZE | 5N | IN
5P SP | 2& | SN | 5N | LN
P 2o | s [ | 1N i

{FI1g. 5} control rule

e’, ce’ and co’ are {uzzy sets of inpul and output
values of cach controller and the inferred output values

£ 13 the value of member funetion.

T = HE HHrIg BHESl g

Ok

&R 1163

fo

Since the final valie ganed through fuzzy mference
can't be a delerminative valug [or plant contral, we can
male 1t a conslant to use as a plant input. We call the
ahove course defuzzilication.

The following are the most common methods [or
delwzzidication - (1) Stmplified center of gravity (COGY,
{2) Center of gravity method (3) Max criterion method
and (4) the Mean of maxima.

In this paper, we employed the O0G method which
15 generally used [or defuzzilication,

After quanbfying the representative set u, the

delnzzification value 4 15 defined as follows.

L]
EJ pala,) -,
=
A
:2;[ s uy)

" = defuzzifier (B') =

3. Genetic Algorithm

A genebic algorithm (GA) is a caleulation model
which is based on the cvolulional phenomena of the real
world It expresses likely solutions to the problem as
genetic data structure of a speafic form, and gradually
translorms them mio better solutions. Tlus course is
similar (o survival of the fittest and prepotency. I is
used as a memns of search, optumization and machine
learning. Its struclure Is simple, bul it is applied to
various areas. It 1s an elleclive method for finding an
approximate value for optimuzalion. These days, it is
actively being combined wilh the various theories, The
genetic algorithim wiuch imilates the evolutional course
of an organism hasically keeps the genetic types within
a group for problem solving 1t generates the new
genefic fypes through the operator lilke crossover or
mutation, it selects the genelic types which have a high
degree of bencfit for the group, and forms 4 new group
composed of the =elected new genetic types. And it
solves the problem using them The hasic genelic
algonthm is as follows (Fig 6 ¢

Siep 1 generates each initial value randornly in the

range of the fiftest varialles, which is the polential
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solution set population composed of a single chromo-
some. It forms the mitial potential solution sel, and
reproduces objects which have high filness in the nexl.
generation. Slep 3 allers the individuals of the repro—
ducled group and repeais the global search by using
mutation and crossover. To alter (population) means 1o
mutale and to crossover the reproduced polential solu—
ton sets Lo ensure high probability. Step 2 is closed afier
a specific generation. or it is closed when there 15 no

Improvement afier the regulated generaliom has passed.

# genclic algorithm ‘
slep 1 iniliahzelpopulation)
evaluabin! populalion)
step 2 i termination—condilion = QI
then end
step 3 . reproduciion{population)
alter(population)

stepp - go to step 2

(FIg. 6) The hasic genetic algorithm

3.1 The genstic expressicn lypes

In this paper. we expressed the parameters of the
fuzzy system used to control, The AGV as genetic
types, generaled new genetic cades by the mutation ad
the crossover of the parameters having the high filness,
apphed them to the fuzzy syslem, and obtaned the
fillest parameters.

The structure of the genelic types ae as follows.
{Fig. 7).

2 input—varg 1 outpul—var mules

[ mrur ]

OUTPOT RULES

chromosome

{FIg 7) The structure of genes

That is. two fuzzy mput variables, a outpul variable
anel the control rules are encoded The encode of the
fuzzy mpul and oulpul vanables needs 36 bils, since
each variahle of mpur and outpur necds 12 bits o

determine the membership function as n (Fig 8)

b

01 2345678 % ADBCDET

]l_]DjU/—’l 1]o 1 1

{(Fig. 8) The coding method of the membership function

32 The coding method of control rules

To code the conlrol rules as chromosomes, we sub—
stitute 2 conlrol rule with mlegers, and arrange it in
the previously fixed order, To code the fuzzy controller
as the genetic algorithm, alter coding each mput and
control variable according 1o the coding methods of the
membership functions and the conirol rules, we should
wrrange them in a chromosome and arrange the coded

control rules nexr to them.

[ direction distance | rp | LN | MD | BN | RF
| LN 000 | 0co [ 000 | 001 | 010
SM 000 | oo1 | oni | 010 | onl
MD 000 [ 001 | 010 | g1 | 100
SP oo | e10 | ot | i1 [ 100
Lp 010 | 011 | 100 | 100 | 100

!

| 000 000 000 o0l 010 000 ok

100 100

{Fig. 9) The coding method of control rules

{Fig. 9) coded the application of genetic algorithm for
the diversion of Imnary digil {{rom 000 to 100) for LT,
SP, ZE, SN, and LN i the control rules of (Fig. 5)

33 The genetic operator

D Reproduction © As a method to male a (it indi-
vidual, produce more sons in the next generation,
the dominance scloction method is used.

M Crossaver In the reproduced parental individ-
uals, select a parl of strng arbitravily and cross
Lhem over

'3 Mulaton ! Randomlv gencrate a value belween 0



and 1 for each mdividual gene in each set 1f the
generated value 15 less than that of the mutation

actor, alter the value of the gene.

Genetic algonthm'’s application environment used sum-

ulation of this paper include ihe following.
® pop_size = 20
® Fitness's function :

Fitness, = T

1+ Z{,} ferror, |

s Frror's value © erron = E, - F,
» reproduction method -
The method of Roulette

Fitness
100

> Fitn ess,

J=U
(o the probability of reproduction)

o=

® maximum fitness : 089
® 0.=023 p.=001

34 The mutation of the control rules

The gene encoded contral rules cause mutations as
2 constlant prebabibity, similar to the mutation operation
of the general genetic algorithm. The control rules of
the conclusion part can be expressed as any of a munber
ol linguistic terms Theralove, they have the new control
rule which has one of the remaing values, il mutation

QCCUrs.

mulation
FLC
CrOSSOVEr
¥
high [ilness -
gene AGY
selection simulator

{Fig. 103 The tuning structure of the fuzzy system by GA

A7 EED WA H7IE MES I ££ A 185

{Fig 10} show the structure of tuning in the parame-

ter of the fuzzy system by a genetic algorithm

4, A simulation and the results

44 Simulation

Inn this simulation, the proposed self-organizing fuzzy
contreller optimaily learned Lhe fuzzy memberslup func-
tions and rules, and performed the ugzy control. The
speed was assumed to be constant.

(Fig. 11} shows the mpat and ouwtpul state vanables
of the AGV used in the simulation, The distance @ from
the target line and the vehicle's navigating direction &
are the conditional variables and the handle's turning
angle & 15 the conclusive varighle. Variable d expresses
the distance hetween the AGVY and the target path, the
sipn of d 1s determined by the AGV's position.

If the AGV is on the lelt side of the targel path, sign
of d 15 “-". I the AGV is on the nght side, sign of
s "+,

The length of ¢ 15 transformed inlo a fuzzy variabla
and inputted as a lingwstic value.

(Fig. 11} illusirale 9's rule for a combmation d and

(Fig 112 The target path and the location of AGY

In order to evaluate the navigaling elficiency, error
e, Ad and Ae are used as inpute ol function evaluation.
The AGV's navigating efficiency is measured using this
function.

# expresses Lhe AGV's naviganung doection. We can

caleulale Lhe relation belween the AGV and the targel
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path by comparing & with &, 1t is possible fo meke
g fuzzy rule like [1ig 11 hy using s relation. (Fig. 11)
expresses the location relalionship belween the AGV
and the target path. The control rules are illustrated in
(Fig. 3). The simulation was performed on the local path
as m (Fig. 12) using the discussed genetic algorithm

and fuzzy inference.

A7 AGV's path planning and navigation
The following algorithm expresses the AGV's global

navigation algorithm.

® step 13 Making a global map of workspace
® step 2 Global path planming
® slep 3@ Local navigahon of AGV
(1) IF currenl position = goal point
THEM navigation lerminates
(2) IF an obstacle cxists
THEN abstacle avoidance,
local path plannmg,
go straight to sub-goal pomt,
path recovery |
(3) go straighl to goal poinl
® siep 1 go to step 3

The AGV's pilot module makes the AGV navigaie
toward the target on the path generated by the global
planmng. In this paper, we used the path planning seen
in (Fig. 12) for the smudation.

_

{Fig 12) simuation 1

It 15 asswmed thar the inlormation of worlspace 1s
alrcady known We evaluated the AGV controller's per—
[ormance by using the above path planning. The laleral
pasthion crrar, as a [unction to evaluate the navigating
performance, expresses ils displacement from the target
path. The absolule value of Lthe displaced dislance is
defined as e

The tolal lateral position ervor at a specilic distance
is defined as its cvaluatng funciion. The lower ihe
value of the evalualion funclion is, the closer the AGY
navigales to the targel puth.

(Fig. 13) show the result of stmulation in the different
envirormment [or an experiment of the various emvi—

ronment,

Fiiness

o g 2J a0 Ll

Generahon

(FIg. 14) Fitness hiswry

(Fig 14} represent (he change in graph of fitness
Fitness history started 0.84 lor the mitial fitness, [uzzy

systern regulated by genetic algerithm represented the



htness of aver 099, finally. Fuzzy system regulated the
parameter's rule by genetic algorithm shured more

improvemeni than fuzzy system of existing.

-i00 -50 0 50 100

(Fig. 153 An example of the adjusted membership
function

(Fig. 15) illustrates to us the member—function, or the
fittest of the Funclions generated by the proposed meth-
od. I'rom the comparison, the member—function’s shape
and control rules generaled by heunistic method with
the membership function's shape and control rules
initially generated by the penetic algonthm, we can see
that the performance of a non-linear contral is higher
than that of linear control. It improved the ahility to
operate the handle as {ollows : il the error between the
AGY and the target palh is wide, move a latge amount
and 1f the ervor is small, do 1t slightly.

R, - s e,

e
e
o=

{Fig. 16) (a) graph of error function
(b} cumulative graph of errar function
(c) graph of Ae function

The axis of x m the three graph represent Lhe change
of time, ¥'s axis signed the magnitude of error e, accurn-
mulation of e, the change of Ae, These used the iravel-

mg performance and the evalution of stability (Fig. 16)
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5. conclusion

In this paper, we propased the navigating contraller
which can be applied 1o the AGV's navigation by [orm-
ing a self-organizing fuzzy control svslem for the
AGV's eflicient control Since the control algorithms of
the existing AGVs only depended an the Imowledge of
the expert, there were limitations in the oplumization of
parameters and the AGV's efficiency. Also it was very
difficull 1o understand mstinctively because of too many
rules and the complcated calculations. Therefore we
composed a controller which is instinciive and easy to
understand, This coniroller is the fuzzy svstem which
uses linguistic variables. For the composing conlroller
o be able to actively prepare for the changeable cireum-
stances, we oplimized the membership-function by
using the SOC fuzzy controller. We imphed employing
the genctic algorithm and ensured the fillest possible
navigation through self-correction and the generalion
of control rules.

We can obtain a highly eflicient fuzzy control in the
case of ofl-lne by applying fuzzy control rules using
a genelic algorithm, but it cannet be applied t real tme.
A model which can be applied to real hme is needed
Lo actively prepare for changeable circumstances We
will continue to study the model, which can learn al
real time and will be useful in avoiding arbilrary
obstacles generated during the AGV's navigaton.
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