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Abstract

In the last few yearsmicrocontrollersfound a big placein industrialapplications It had been
usedin many applicationssuchaswashingmachinestextile machinesand many otherfields.
Microchip PIC microcontrollersareoneof the mostusedtypesof microcontroller In this paper
we considera methodwhich can be usedto implementa fuzzy control systemand the
description of this implementationtechnique The proposed method will be applied to
Implement the fuzzy guidance systemsdiscussedin [1],[2] on a microchip PICL6F877A
microcontrollersystem
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divide theminto two majorcategorieasshownin tablel.

Tablel, Major implementation methodologies of fuzzy controller

Standard hardware Fuzzy hardware

1) Computer: PC or WS 1) Fuzzy logic controller: CMOS semi/full custom design
2) Processors: microprocessor, microcontroller, DSP  2)  Fuzzy processor: microprocessor plus fuzzy add on
3) Look-up table: digital memory devices 3) Fuzzy microcontroller: microcontroller plus FLC

Integratad Fuzey Guidans

Theprop® :
anglefrom missileto target( ) andthe rateof changeof this angle(/) astwo inputs,andwill
producethe elevatorangledelta / (fin deflectionangle) asanoutput,Figurel.
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the Integratedproportional navigation
fuzzy guidancesystem illustratedin -3¢ /The output of the 30y

[1][2].
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serial memory 12C. Figure 4 shows the structure of fuzzy systemwith fuzzification and
defuzzificationwhich we usedin ourimplementation
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Control Fuzzy

program toolbox , e per
IS modified from conventionalfuzzy
ﬁ algorithms to optimize the system
$ performanceyy reducingcomputation
Seral oC Cuidance operations The following subsections
Card describe each stage of the fuzzy

Analog =< =< Analog algorlthm - . .
input Fuz2y Processor output &) Fuzzification The input
——5 AD —=~  (Microcontrollery == DI/A ~ membershigunctionsaredefinedin a
look-up table based method The

universe of discourse of the input
variablesis limited to ten bits length
(A/D resolution), rangesfrom 0 to
1023 The resolution of membership
grade (denotedby ) is 8 bit wide,
— N rangesfrom_o to 255 Thus,the vglue
Criep ool orspouput O INpUt variablesmustbe normalized
Ve | y| | RE to t_e_n plts wide beforg running
Engine fuzzification process Figure (5)
shows an example of one input
membershipfunction defined in the
look-up table

It takes 1024 bytesto record one membershipfunction in knowledgebasememory (KBM).

Although the value of membership changesquite discretely,it is still acceptableas fuzzy
valuesdo notrequirebeingtoo precise

b) FuzzylnferenceEngine A simplefuzzy inferencetechniquas used To recordrulesin KBM,

for eachrule, the membershipof eachinput is statedand the correspondingequiredoutput
membershigs alsostated For example,saythereis a systemof 2 inputsandl outputs,one of
therulesareasbelow.

Figure3: Proposedystem Architecture

Fuzzy Rule
Base

Figure4, Configuration of fuzzy system with
fuzzifier anddefuzzifier

If In1is NM and 12 is PS, then Odutis PM.

In theknowledgebase|t is recordecasfollow:

[ININM] [In2PS] [OutiPM]
[ININM] = 2-byte offsetaddres®f wherethe NM membershif input 1.
[IN2PS]= 2-byte offsetaddres®f wherethe PSmembershimf input 2.
[OutlPM] = 2-byte offsetaddres®f wherethe PM membershipf outputl.
The offsetaddresseareusedto pointto membershigunctionsinsteadof usingindexednumber
Thus, thereis no further calculationneededto locatethe addressvherethe membershipsre
recorded This methodreducescomputatiortime in fuzzy inferenceprocessRulesfor different
outputsaredefinedseparately ‘

255
Figure5, Discretization of the Membership function rrrrr,J LIIH_H
to store it in as Lookup Table >

0
0 1023 Input

The value of eachcrisp input will be addedto the given offset addresgo get of that input
Then,the minimum (denotedoy . amongthe valuesfrom the inputsis calculated . will be
usedin aggregatiomprocess

c) Fuzzy rule base The fuzzy rule baseis stored with the inputs and output membership
functionsin the knowledgebasememory(KBM). Figure (6) showsthe memorymap of KBM.
In this map, the addressncreasedrom top to bottom From left to right, the map items are
shownfrom the biggestgroupdivision to the smallestitem detailshierarchically The rightmost
columnshowsthe memoryspaceneededo storethe dataatthe correspondingows.

Thefirst byte of the memorystoresthe numberof rulesfor the output The following partsare
the actualfuzzy rule basedefinition. Theyarefuzzy rule table,input membershigunctiontable
andoutputmembershigunctiontable

This memoryorganizationcreatedlexibility for the user The numberof rulesfor canbe up to
255. The numberof membershipgor inputsandoutputsis not statedin the memoryandcanbe
definedfreely by user,astherule tablewill directly pointto the offsetaddres®f the membership
function

d) Defuzzifier. After applying the rules, the output of the rulesis aggregatedising the max
operationto get the aggregatednembershipfunction The last operationin controlleris the
defuzzificationprocessThe defuzzificationmethodwhich usedin this controlleris the centroid
method

Thereare two integrationprocesseshat mustbe computedto can apply the centroidmethod
This integrationprocesse£an be simplified using the numericalmethodby taking a sample
everydegrean theoutputvariabledelta / (fin deflectionangle)

Table2, The Fuzzy Guidance Rules

0 Space (byte)
No. of rules 1
Offset add. oMF; for inputl 2 /
Rule nol | Offset add. of MFfor input2 2 / VS S MS M MB B
Rules Offset add. of MFfor output 2
Rule no.2 VS NM PB PB PB PB PB
Rule no.k S NS NP NM PM NP NP
MF1 1024
2 Lo Ms| z | Nns| z | ps| NP | NP
Input Input 1
membership
functions MFEx 1024 M PS | PS | PS | NM | NP | NP
Input 2
MB NM PB NB NP Z NM
MF1 60
MF2 60 B NS NS Z PM NP NP
Output MFE3 60
membership
functions
v MFy 60

Figure 6,The memory structure for knowledge base memory KBM
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or known as fuzzy inference
system, is developed and
tested with both Matlab's
Fuzzy logic toolbox and

JAVA programming Output
language The knowledge  trcony
basestoredonthel2C, which .
usedin this implementation,
IS computedwith JAVA and
stored on the 12C via the
serialconnectiorbetweerthe

PCandtheguidancecard
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The programwhich downloadghe dataand makesthe serialconnections alsodevelopedising
JAVA programminganguage

The fuzzy guidancecard has beentestedto be fully functional, including interfacing with
computer,microcontrollercalculations A/D converterand D/A converter The fuzzy guidance
card implementsthe fuzzy algorithm efficiently. The proposedcontrollersin [1][2] could be
Implementedusing a commonhardwaredevice,which reduceshe costof the controllersand
Increasats efficiency,
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