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Abstract

Navigation in mobile robot not only avoid obstacles based on the sensor input but also
comprehend the nature of its environment, remember over time such hengwed
scenarios, recollect them and associate in time perceptions of environment that resemble
each other. Such requirements demand spatial and temporal reasoning capabilities, for
considering the mobile robot environmental as an experience of a seqofeseasor
patterns.Memorybased reasoning must integrat@o mobile robotcontrol strategyto
producesefficiently movementn unpredictableenvironmentto achieverobustly and to
reducecomputational costTo implement this strategyuzzyKohonen Netwd (FKN)
technique isutilized by employing small number of rules. The effectiveness of the
proposed technique is demonstrated in series of practical test on our experimental mobile
robot in structured and unstructured environment. A detailed comparisihe giroposed
technique with other recent approaches in the
and obstacle avoidance is also presented. As results found that mobile robot based on
FKN technique has the ability to perform navigation tasks in seeerdfonments, it has
capability to recognize the environment, suitable for low cost mobile robot due to only
produce small resources, provides much faster response to expected adeintallaws
the mobile robomove wi thout any meesd ttuatsgtomp wlidrhodidars
from the 61l ocal mi ni maé probl em.

Keywords:Embeddednobilerobot, FuzzyKohonenNetwork navigation, unstructured
environmentmemorybased reasoning

1. Introduction

The two classical motivations of mobile robot navigatiare exploration and
automation.Therefore,mobile robot requires onboard sensors and processing capabilities
in order to bring operability to unknown environmemtsuchenvironmentst requires a
number of heterogeneous capabilittesability to reachtargetin real time tounexpected
events, to determine the robot's position, and to adapt the environmental changing.
Different robot architectures have been developed|#vat from purely reactive robots
which do not keep an internal state to layerechiggctures with a deliberative layer
planning on actions.

Recently, mobile robot is being extensively used in various fistdstching from
simple actions to their advanced implementation. Each implementation of mobile robot
implies particular conceptnd engineering solutions able to deal with problems emerging
on the different leve]l]. Their main focuses on developing navigation methodologies for
realizing accurate, reliable localization and map generation from uncertain data obtained
by high sensiive sensord2-4]. Most studies on such research have explored to design a
precise geometric map for identifying their environm@nt].
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Perceiving the environment remains a fundamental taskafonomous mobile
systems. In fact it is rather difficultto imagine a robot that is truly autonomous without
being capable of acquiring a model of its environment. This model can be built by the
robot exploring the environment and registering the data collected with the sensors over
time. The visual sensors proe the richer source of useful information about the
environmental surroundingbleverthelessit have drawbacks such as, slow in processing
data, the global information like vision may not be obtained in a dark room and expensive
in cost[1, §].

In thereal world, numerous nhatural agents like animals to recognize their environments
just with low sensitive sensors without a geometric figp they learnfor recogniing
new environment by itselHence, it is essential to design a simpielligent robot with
low cost sensorghat have capabilito recognize environmemnd adaptive in unknown
environmentsln the mobile robot navigation desigit,is necessary to consider what
accuracy is needed in each environmental situaktidhe cost of sensing iconsideregdt
may not be optimal in terms of the cost of reaching a t§i@$t Moreover, the reactive
navigation capabilities are indispensable since thewedt environments are appropriate
to change over time {21]. It has difficulty handling anodification of the environment
due to some uncertain in each environmental situations.

It needs a method to overcome theertaintyproblemto realize a safe and efficieot
mobile robotmovementlt meansthe mobile robot does not collide with obsies and it
can reach a destination in a small amount of tiMewever these requirements are
usually in a trad®ff relationship. If the mobile robot moves quickly to increase
efficiency, this most probably decreases safety. If the mobile robot movel stow
increase safety, efficiency decreases. There are humerclusiqus that deal with the
uncertainty, cost and efficienegquirementsuch as fuzzy logil3, 14], heuristic§15],
potential field[16, 17], neural network18], immunological4] and treir hybrids[19-20].
However,in some caseduring the mobile robot traverseycling between multiple traps
(local minimg problem may still occur.Several methodq9, 19, 21, 23] have been
proposed but the computationally is expensiand theycannot garantee the mobile
robot will not trapped?24].

The limitation ofcomputational resources available to an embedded mobile robot often
presents challeng&he high computational costan decrease thembedded controller
performancedue toit leads to atsong decrease cost performance in terms of memory and
computational resource consumption to achieve speed procf&Sjintj these constraints
are imposed a priori, the advantages of controllers can bE2&s7, 28]. The choice of
simpleintelligent control algorithm is highly desirable to cope with the meyand time
limitations. Intelligentcontroldecisions are a natural consequenicpossessing reaning
and cognition properties.t lis an essentialpart of human navigation. ugZzy-based
algorithmcomprising of only the twgrimary modules is unable to functionally replicate
such reasoning as far as navigational aspectscaneerned. By incorporatingelf
organizing maps oKohonen networksome of theselrawbacks are alleviatedh this
work, memay-based reasoning strategy utiszsombination of fuzzy logic andohonen
network named FKNtechnique,to realize navigation controlnolow cost embedded
mobile robot.

In this strategy the mobile robothas capability for building the desired mapping
between the perception of the human knowledge and the exact mobioinol
Satisfactory navigatiorperformance can be achieved using reduced nundfersles
experiences to achieve the necessary spatial and temporal reasoning propeeties.
proposed algathm demonstrates irstructured andunstructuredwi t h 61 oc al
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situation. The result founds that it reasonably good performance while navigating in such
environmens compare to fuzzy and sensor behavior technique.

2. Control Algorithm of Fuzzy-kohonen Self-organizing Map

In order to enable the mobile robot to avoid the obstacle in the navigational path with
rapid reaction capacity, the better mapping relation between the sensor data input and the
control output must be established. Since this mapglagion is extremely complex and
nonlinear, it is very inconvenient to solve this problem using the general control method
[29]. Furthermorean intelligent mobile robot must be se#liant to perform in complex,
partly known and challenging environmeusing limited physical and computational
resources [25which leads to development of embedded controller.

The research imtmobile robots navigation controller and embedded systems are two
different areasif the two areas are combined would produce rg eballenging research.
However, difficult challenge is to create an implementation that simultaneously optimizes
numerous design metrics such as memory resources, power, computation, and sensors that
are resident onboard the mobile robot [28dwever, sft computingtechniqueshave the
astonishing abilityto deal with nonlinear problem argliccessfully integrated into an
embedded controller design [3L, 21]. It provides effectivdechnique and improves the
mobile robot navigation performanf#2].

Fuzzy-Kohonen clustering network (FKCN3 one typeof hybrid technique which is
the resultof integrationbetweerfuzzy logicandK o h o n e rofgaizirg endphetwork
proposed by Huntsberger and AjjimarangéE@90). FKCN technique is certainly based
on a unsupervisedlearning; nevertheless this learning process produces high
computational cost, requires intensive processinghaeds large storage capacity J[34
this work, to make this technique simplicity, the originality of unsupervised learning
proces reduces to supervised namedzBArKohonenNetwork FKN). In this strategy
Kohonen networlhas the advantage t#arningmechanisnwhile thefuzzy logicplays a
role inmanaging thénput andoutput processf pattern recognition [34].
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Figure 1. FKN Structure [33]

The FKN structure has the function of pattern recognition and includes ldyees:
input layer, idden layer and output layer [B8s shown in Figuréd. In this network, all
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initial patterns reflect on weight vectad(1 Oj Oc) in hidden layer. Theveight vecto

and the numbec of initial pattern are determined usikkgo h o n e Roégaizirey enhpf
algorithm [33. There are many initial patterns, which represent a characteristic pattern in
every layer. To reduce the & complexity and to facilitate fast learning of sample
sequences by the FKN, all these patterns are set as a weight in the distance layer and for
calculating these weights, the rule base table is utilized instead of being trained. The
number of rulesequals that of initial patterns andery initial pattern is derived from
previous experimental data base.

Input sensor data

:

Quantization input sensor X; and
give a sign weght for each level

'

Plan rule’s table for multiple speeds v
and select pair of the speed for each
weight W from previous experimental

'

Activate the Kohonen network by applying
the input vector X7 and find the winner-takes all
neuron by using Euglidian distance dy

'

Find the degree of similarity yy by using
a linear function

:

Determine the fastest safe speed

Figure 2 . Navigation Control Procedure [34]

The pattern is assigned and associated with a pair of motor speed reference. This
research different whit works of Song and Sheen (2000) and Etal (2010), due to in
this research all process of the navigation contselslow cost 8 bits microcontroller and
inexpensive infraed sensorTherefore, the algorithm must produce simple resources, for
making the faster controller in the process and robust in the implementation. The
algorithm navigation control procedure to determine th&gtlepurpose can be seen in

Figure2.
The statingpoint of control algorithmconstruction is a standakbhonenLayer[33]. It
receives am-dimensional inpuX = (z,. . . , z,). Each of them neurons in the Kohonen

layer processesn n-dimensionalweight vectorW,. Accor di ng t o -aglhledo Awi nner
(WTA) principle,oneneuron isselectecasthei wi n peeainingto the curent input. In

the standard version the neuronvith the smallestEuclideandistance betweeits weights

vectorsW and X. The method for learning rules tietermine the distance and similarity

between input pattern and initial pattern are describ#ueifollowing steps:

Step 1: Create input patternX;)( it constructed from current sensor readiigs To
reduce the measurement error of the sensor and simplify the cafgosithm, the
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distance input of the eveinfra-red sensor $ divided into4 grades using equatiaii).
WhereX; ands are the grade value and the distance measuredififoarred sensor, this
values is divided into 4 grades.

a< si<bh
Xi b< si=rc¢ 1
b= c< si=< d (1)
si > d

Step 2: Activate the Kohonen network by applying the input veétand find the WTA
neuronthe values which are most similar to the current input vector. For most application
standard way of measuring this similarity is to compute Euclidian distahkeThese
values responsible for comparing the input patd¢rwith every initial patter’\j in the
hidden layer.When the input patteriX; and theprototype patterd\j are completely
consistent, the outpual; of j-th node is zero. The output of the hidden layer is expressed in
theequation(2). ,
dij = HXi - M’;H = (X; _M'})T(Xi _W)j (2)

Step 3:The output valuey; in output layer is determined baseddynoncethe similarity
value is obtained by using the Euclidean distance, then the degrees of memhgeiship
calculated. To obtain thesalues, linear function is used, as simaw Figure 3. There are
three conditions ofij values, such adj = 0,e < d;; < f andd;; = f .

Wi (dki)

A

0 > d;
e f

Figure 3. Linear Function

Each kind ofinitial patternW, is correspondingo a fuzzy control rule, and each fyzz
control rule is corresponding to a speedtor.In this papeto simplify the algorithm, the
max valuef of Euclidiandistance is obtained from experimental result due to the sensor
reading by usingquation (3),

f= V"(Wmaksimum - xmi*n:':rrtmn)2 Xc (3)

where : Xminimum @SMinimum of weight signWiaksimum@S maximum of weight signc =
number of input.

To describe a linear function utiliZ&guation (2) and (3) as a membership degiedf
the input pattern does not match any initial pattern, then the similarity value is represented
by membership valug; from O to 1, by usingquation(4),

51



International Journal of Control and Automation
Vol. 5, No. 3, September, 2012

1, du :D
r-dij

Hij = Tej’ esdy; <f 4)
0,d; = f

The membership degreg represents the similarity betwe&nandW , ande; ¥ (0,1)

andthe sum of membership degregtputu; equal to 1the algorithmas shown irFigure
4.

FKN Function: real

declaration

integer: y[4], Wi, W, Ws, W,
real : distanceg), u;, bound
description

d; Y J AN - w1+ -w2)2+(v3-w3)? +({4-wa)?+(]5] -w5):

‘H.in dij '(threShOId)dij
return {u;;)

Figure 4. Simple Algorithmsto Obtain Similarity Value

3. Mobile Robot Navigation Platform

Mobile robot navigationmust be reactive in the changing and in tne&known
environmentfor achieving a goal. The most important property of a reactive control
system is its fast reactions and it should be capable of reast@gected environment
simultaneously In this work, the experimental test illustrates the application of the
proposed algorithnigure 5shows a block diagram of embedded mobile robot platform
and control system based on FKN technique, it responsible for generating motor steering
andspeed command in response to embedded contrOiparational data from infreed
sensos are processed in reine by theon-boardcontroller mounted on the mobile robot
platform

Transfer Data
to Host Computer
Environmental via bluetooth

Pattern Trajectory, speed
and steering angle graphic
S

Xi

» Sensor FUZZY-KOHONEN
Module NETWORK

S1..Sn

STEERING ANGLE
SPEED

Output

Hzmg2oF-<2m

Mobile Robot

Target

Figure 5. Block Diagram of Mobile Robot System
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To perform severahavigation tasksmnobile robot usefive infrared low cost sensors
are mounted in a circle on the mobile robof dpartto extract more information about
surroundings. To reduce the space complexity and to facilitate fast learning of sample
sequences biyKN is used that maps each sampjé a particular class. Initially the five
infra-red sensors are grouped into three groups namely left, center andOmfjhtone
sensors; in group 1 is used to detect obstacles at the front of mobile robot. Twosgnsor
and s, in group 2 are used to detect obstacle at left side and two sg@asals; in group
3 are used to detect obstacles right side of the mobile robot. The minimum reading of the
sensors in each group is considered as the reading of that group.

The FKN classifies the readings of such groups into one of the 21 classes as shown in
Table 1. To provide discrete samples for training, before sending into neural network, the
sensor value quantization is performed. The formulas for three groups are;

1 ForOcm < s; <15 cm, 1 ForOcm < 5; = 20 cm,
X 2 Forl5cm < s; = 20 cm, ¥ 2 For20cm < s; = 25 cm,
12= 3 For20cm < s; < 25 cm, 3= 3 For25cm < s; < 30 cm,

4 Fors; = 25cm 4 Fors; > 30 cm

where,X; are the grade value asdare the minimum distance value from infed sensor

of theiy, group ands;, $; € | are threshold values for quantization. Evidently there can be
other ways of classifying the range reading to classes. The reasanetsecified the

range readings in terms of far is 4, medium is 3, near is 2 and very near is 1. There are
essentially due to the same kind of partitioning employed in the fuzzification part of the
inference scheme for collision avoidance.

Table 1. Rule Base [34]

Then-part
Rule motor speed () references
number If-part (WI) Vrefleft (% Vrefright (%
pwm) pwm)
1 4 4 1 4 4 87 60
2 4 4 4 2 4 80 90
3 4 2 4 4 4 90 80
4 4 4 4 4 1 90 73
5 1 4 4 4 4 73 90
6 1 4 4 4 1 87 87
7 1 2 1 4 4 85 55
8 4 4 1 2 1 55 85
9 4 4 4 4 4 90 90
10 1 4 4 1 1 77 87
11 1 2 4 4 1 87 77
12 4 1 1 4 4 85 57
13 4 4 1 2 4 57 85
14 1 1 4 4 4 90 83
15 4 4 4 1 1 83 90
16 4 2 4 2 4 85 85
17 1 3 2 3 4 85 53
18 4 3 2 3 1 53 85
19 1 3 2 4 1 85 58
20 1 4 2 3 1 58 85
21 1 3 4 3 1 86 86
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In order to enable the mobile robot to avoid the obstacles with reactive action, the better
mapping relation between the sensor data as input and the speed control as output must be
established; due to the distribution of obstacle is compl@ceShe obstacle exists in
mobile robot direction and the width of obstacle is less than the measurement width of
sensors, the mobile robot can recognize the environmental pattern. If the mobile robot
detects an obstacle in the front, left, right or tides, it can determine the navigation

pat h. However, t h e -slkhapeaismavays dccucren nthebieforeé speciall i k e

control scheme has to be given. The mobile robot will reduce the speed first and then turn
to the right/left, when it detects sitaneously an obstacle in all direction.

1 4“4 4 4 4
4 2 2 4 4 4

4 4
44 44 44 41
4
2 4 4 2 4 4 4 1
10
4
1 4 4
4 2 1 4 4 1 2 2
4 4
4 4 1 robot 4 4 1
13 14 15 16 17 18
2
4 3
11
20

Figure 6 . Several Typical of Environments [34]

19 21

In this work infrared sensors installed in mobile robot can be classified as 21 of
environmental p&rn categories as shown in Fig@eAll possibilities of mobile robot
environmental are considered through fuzrfyprocess and combining these 21 classes
of rule base in Table 1The rule table is constructed exploiting the sequence of
environmental pattern and speed levels. In this strategy 21 rules are employed to kept few
compare to conventional fuzzy controth@ique. Our mobile robot is equipped with two
wheels on both side and one free wheel at the front of mobile robot. The two parallel
wheels are driven by direct current (dc) motors. Its sequence is determined by the relative
references speeds of the laftd right wheels. Therefore, each initial pattern is associated
with a couple of reference speeds. In this work mobile robot target is assigned to kept
simplicity.

In mobile robot navigation, speed control analysis gives information about and mobile
r o bsdeft @&nd right speed over the time. By using FKN technique, after the rule base and
similarity patterns y;) are known, the mobile robot speed {s determined by finding
rule that has the highest level of similarity ). The final value is calculated with
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multiplied by level similarity with the speed referencegy)( The simple algorithm for
generating DOmotor speed can be seen in Figiterhe results of mobile robot speed
than conversion to pulse width modulation (PWMjtaj namelythe duty cycle. Duty

cycle is determined within a few percentage points, to obtain some value. By regulating
the duty cycle of PWMthe speed of DC motor and steering angite obtainedor
controlling mobile robot movementshe formulaof PWM as follows,

PWM = dutycycle (%) x 255 (5)
declaration

real © Mmax Viights Viefts Vrefrighty Vieflefts fL1, 12, L 3 e 21

description

Hijma Y Ha, ﬁiz, H3 é U 21)
if ( timex = 1) then
Vright Y,\ refrighv
Viettk Y reflertV
else

Y *
Vright Y ,|uvijmax 6/ refright)

Vieft V Juijmax* (/refleft)
end if

Figure 7. Simple Algorithmsto Control Motor Speed

4. Experimental Results andDiscussion

In order to evaluate the performance of the propesgonomous exploration strategy,
several gperiments are conductenploying a seltonstructecembeddednobile robot.
The effectiveness, robustness andnparison of various systenase done using single
stage fuzzybehavior, sensor behavicand our proposed simpl&KN technique.
Experimental issetup on real embedded mobile robot. Low cost microcontroller 8 bit
Alf and Vegard's Risc processor (AVR) 8535 with 8 Kbytes flash memory is designed for
central navigation as onboard controller. The specified traveling nominal speed in these
experimentss 20 cm/s. The mobile robot has maximum speed,gf~90% of duty cycle
of PWM. The data from experimental result is obtained by usmbedded lnetooth
strategy in a real time. For evaluating our proposed technique, experi@ents
implementedncluding structured unstructured environmeuind unstructured obstacle as
6danger .situationd

4.1 Structured Environment

This sectionthe experimentsn complex environmens conducteditilize twenty one
environmental patterns, for investigating the influeméeFKN techniquein terms of
steering, speed and movement performance. The dgtafrom sensolis aeated from
the sensing of atructured environmen#fter learningprocess, the training dadae given
to the FKNas initial dataln this experimentwe dealt with more noise like unstructdre
obstaclesas depicted in Figur8 (a) and (b)As stated earlier, mobile robot performance
based on FKNs compared to other technique d&wezy behaviorin red line andsensor
behaviorin green line
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P

(&) Simple evironment (b) Complex environment

Figure 8. Mobile Robot Movement on Structured Environment

In order to verify the effectiveness of the proposed technique, mobile robot is set up in
several environment#t. can be seen in Figure(8), all techniqe that use imobile robot
successfully to perform navigation tasklowever, mobile robot based on FKN is able to
recognize the environmeand producesmoothmovement;dueto it hasdemand spatial
and temporal reasoning capabilitinanemory of mobileabot. Fuzzy logic hashe ability
to follow the wall behavior and it has smooth movem#d. In contrast tamobile robot
based sensor behavidr,does no smooth in movementue toit runs only based the
sensor perceptionfhe decision for the propdurn angle of the mobile robot is taken
based onsensory information and the angular difference betwtbenmobiler o b ot 6 s
current direction of motion anthe goal orientation with respect to origin of tleéerence
frame.

Figure 8(b) shows the mobile robiot complex environmentyy applying the offine
data and supervised training method to this network, the pattern mapping relation between
sensory input and velocity command is establisirdposed technique indicates that
efficiently realizethe mobile obot navigationIn fuzzy behavior techniquemobile robot
starts wallfollowing behaviorat the same positiofor the samesnvironment.However,
the largest length of mobile robot pattom the wall is obtained compare to FKN
technique Different with sessor behavior performance, the mobile robot moves only keep
the distance from the wall.

In Figure 9, presents the experimental result of the mobile rgieformancein
structuredenvironment, indicating the effectiveness and applicability of the proposed
technique.The same fact is observed from the outputs of various experiments performed
in different environmental condition3he results highlight the fact that by adding the
Kohonen self-organizing mapstage enhances environmental sensing capacity of the
mobile robotsystem. Figured(a) and 9(c) showghe mobile robot trajectoryn two
environments such as simple and complex environnieatmobile robot will not move
into the concave region amabvesuccessfully to the target.

By using fuzzy logicwith 35 rules, garts its journey from initial pgtion to the final
position andmobile robot successes follow the wall and avoid the obstacle in complex
environment. Mvertheless it cannot recognize the environment. Therefore, the mobile
robot needs more data reach the targeThe same situation with mobile robot based
sensor behavionn contras to the mobile robot based on FKN technique ame 21
rules, it can recognize the environménpattern by considering navigation mempory

therefore itreaches he t ar get faster. Mobil e robot 6s
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be seen in Figurd (b) and (d) Steering angle is the difference between target and mobile
robot heading and provides information about current mobile robot orientation.
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Figure 9 . Mobile Robot Performance in Structured Environment

4.2 Unstructured Environment

The second experimetig performed in unstructured environment. An unstructured

environment is a type of environment that has no specific pafteaps can be created by

a variety of obstacle configurationé well-known drawback in unstructured environment

is that the mobiler o b o't suffers from 6édanger 6 probl ems

available environmental information without any previous memorization. The key issue to

that problem is the detection of the O6dangerd
Figure 10 (a) and 1Qb) presents an experimental result in which the mobile robot

navigating in unstructured environment in tesovironmental situation3 he mobile robot

have beenexploral an unknown environment ephoying its onboard controller,hé

trajectoryis recordedreveals that the mobile robot can avoid the obstacles saieliye

experiment 1 as depicted in Figur@ (B), the mobile robot based on fuzzy logic will

move into the concave region and be trappé same situation with mobile robot based

on sensor behaviornithe acute angle situatiaue to concave and convex cornavbile

robot basedwo techniquegannot continuenove to the target. The mobile robot trapped

in the acute angle, due to the nature of the fuzzy algorithm and sensor phodéss.

absence of spatial cognition followed by memorizing and retrieval leads to the following

reasoning the mobile robot gets irte traps.Care should be taken to note that in this
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instance the mobile robot actualioes not detech 6 d a n g e rn Gy icarrelaéingi o
similar experiences.

In contras to mobile robot based on FKN technique can recognize the entire
environmental situation and can reach the finish without trapped in the coandve
convexenvironment. The same with experiment 2 as shaviaigure 10 (b), these results
suggest that in the case of unstructured environment FKN technique are preferred. This is
due to of the fact the fuzzy logic output in the unexplored regions of inputs is not
predictable and error at each stage gets acaiatuland hence do not give stable
movements.However, h 6 d a n g e r , BKiNttachmigue dy éonsidering memery
based reasoning brings the mobile robot out of the trap.

(a) Experiment 1 (b) Experimene

Figure 1 0. Mobile Robot Movements in Unstru ctured Environment

Figure 11 presents the mobile robot experimental result in unstructured environment
with several acute angles. The trajectorfirist environments illustrated in Figre 11 (a).
By using fuzzy logic and sensor behavior technique, lmotmbot stop in concave
situation and cannot continue move. In contrast to mobile robot based oteERMNque
success traveling to the target because it has the ability to recognize the enviréinment.
allows continuous, fast motion of tmeobile robotw t hout any need to
s i t u aFtom Eigud 11 (b) shows that the recorded of mobile robot steering angle
performance based on FKizzy logic and sensor behavi@chniquerespectively The
steering anglean be used to check the maneingiof the maobile robot as it encounters
obstaclesThe results reveal that the proposed technique is capable of smoothly steering
the mobile robot over thignstructurecenvironment.

The recorded of mobile robot speed of both wheels as shownureHity (c), and 1
(d). By using fuzzy logic system, the mobile robot reduces the speed and stop the
processes in second 14, thus the controller does not send the command to th&hmaotor.
same situation with mobile robot based on sensor beh&®iberwise mob# robot based
on FKN techniquesuccessfully travelling the environment, after escaping from the
recursive concave environment, the mobile robot reaches taigeexperimental result
shows that memorpased reasoning indicates the improving mobile rolasigation
performance.
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Figure 12 demastrates the other possible trajectories when the environment is changed
due to there are some acute angtzsicave and convex cornen) the environment. In
Figure 12(a)i (d) the mobile robot performande recordedsuch as trajectory, speed and
steeringanglerespectively Notably, mobile robot basexh FKN algorithmhas the ability
envi
danger situation. In contrast to the mobile relbased fuzzy logic systermand sengr
behavior it cannot continue move due to thed a ngitiatiod in the environmenthe
mobile robot based on FKN techniqte respond promptly to its surroundings, for

to explore the

ronment safely i

instance, to avoidnexpected obstacles and continue traveling toterdarget.
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4.3 Local Minima Situation

The basic bjective ofthis experiment is to enable threobile robotto autonomously
identify all environmental situatiorfthat is toidentify each corner) in redime while
exploring thiscompletely unknown environment usi@denvironmental patteristarting
with no prior knowledge abowgnvironmentakhape, specifics, corner description, any
any global coordinate3he navigation strategy is based on the recognizing of local sensed
environment, thus the FKN actively selects a movement direction from sets dflgposs
direction in a rule base table. Once initial pattern in the rule table have been established
the FKN network will produce desired robot heading for escape the trap.

Numerous experiments are conducted to demonstrate the performance of mobile robot
navigation employing FKN technique to various complex unstructured environments, in
particular, the capability of escaping from the traps or the wandering situations described.
Several researchers have proposed the control strategy to overcome the problem by
designing several control strategy (Luh and Liu, 2006; ZhuYardy 2007), lowever, the
6l ocal mini madé may still happen. For exampl e,
loop inside a shaped obstacle, because it does not has memory about theattean
of the environment, and its navigation is only based on the local sensed environment. In
this paper, using the information acquired from the sensor array, the memorizing control
strategy in tends to find a safe way to circumvent any collisiguide the mobile robot
out of the traps.
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Figure 13 . Mobile Robotin Complicated Situation without Suffering from the
ftocal Minima Problems
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