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. ABSTRACT

'- A PC based gerieralised vi'b’rati‘on contr_ol.'system ha's..been developed using fuzzy loglc.
,The'hardyvare.system, onlwhich the controll,er software has been designed is a vibration table -
. meant prirnaril’y for,te's:ting energy-meters of various types. Generalisation of the controller_ aims at

| ma,ktng’it.'_.free ‘to the maximum’possible'extent,‘f‘rom the‘dependencies on 'the behavionr of the o
hardyvare and on ‘load »yariations. This is at'tempted by providing neat lnterfaces for conveniently o

L :,changmg the controller characterrstrcs as’ and when requrred The structure of the controller is -

based on fuzzy patterns hence the changes to be made durmg 1mprovrsat1ons have a better

lprospect of meetmg the mturtlons The control was 1mplemented in - real-trme on the
" : “Taforementroned vrbratron test-system “and 1ts performance tested The control system has been o

7 proved in regards to its controlhng capabrhty, thereby valrdatmg the ﬁrzzy logtc controller

The control system soﬁware has been developed in Turbo C++. The operatmg system was

MSDOS 6.22.
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CHAPTER ONE”;} N

INTRODUCTION

1. l GENERAL

Control systems have found a w1de range of appllcatrons in fields ranging from -
| simple to sOphistl_cated. Space-vehicle systems, missile guidance systems, aircraft
» autopilotlngs systems process control and biomedical' engineering aresome of them. The :
| theory of control system is qurte a well advanced field. Research and development in the,

_ : '_".ﬂeld of control systems ﬁnds one of the greatest number of members and patrons

The applrcatlon of control system has rtself come a long way Whlle the very ﬁrst

'»mstance of the apphcatron of control can hardly be traced its journey from the day of -
' mceptron has been from perhaps a manually controlled smgle element open loop control .l e
| , I.system to multr state'varlable leammg and adaptrve contro} systems. Implementat1on of :
'-jcontrol systems has been possible due to the advent of hrgh performance actuatmg
elements (pneumatlc hydraulic and electrlc among others), electrrcal and electromc
_ dev1ces (for srgnal condrtlonmg and control law 1mplementatlon) and dlgltal computers

‘ (for data processmg)

- Even as the ﬁeld of control systems undergoes an unendmg evolutlon and progress

- an mtroductlon to the estabhshed types would still be 1nstruct1ve for a broad classrﬁcatlon S

o E ' The followmg sectlon glves a bnef idea about these classes of controllers -



1.2 TYPES OF CONTROL SYSTEMS [1,2]
1.2.1 Open-loop control system |

| These systems contain a forvyard path and there 1S no way by yvhrch an output can
‘have an effect on the mput automatlcally That 1s there is rio feedback arrangement in
such control systems. .Stmple systems, Wlth farrly satlsfactory callbratlons are open loop

control systems. They are ‘always‘st‘able.'

1.2.2 Closed Loop Control System
"In' these system there are feedbaclcs made from the output to thejinput This brings

into action the idea of automat1c control Such systems are relatlvely msensmve t0 noise

L K 3 _and mterference Thus components of poorer quahty can be afforded for savmg on cost

However stabrhty 1s a ma]or consrderatlon m the design of closed loop control systems

Such controller are found m 2 number of varretles eg. feedback controllers

3 cascade controllers feedforward controllers ratlo controllers and PID controllers

L 1.2'73‘ Adaptlve Control Systems ‘:

V'.Adaptation is the property of self adjuStment and self modlﬁcatlon in'accordance
with the unpredictable changes in conditions of environment orl structure. The 'concept of .
’ adaptiye control has a great d‘eal of appeal l,to the system des1gner Since it will also‘
o accommodate moderate engmeermg desrgn eITors or uncertamtles and wxll compensate for

- the fallure of miror system components thereby mcreasmg the overall system rehabxhty



123 Learmng Control Systems
' "".Al'most" all_d-open'_loop"'control 'systems '-have 2 human operator Who proyides the -
: ';prlmary; control operatrons by observmg the system performanoe As the time goes by, the o
‘f_operator becomes more expenenced in carrymg out operatlons for optlmal system )'
.' ‘-performance Strrctly(speakmg, by the mductron of human operators open- loop control
o systems not only become closed loop, they beoome learmng control systems o
| To replace thls human operator by a feedback system closely matchmg hnn m’ .
‘ ,_ performance that system must have trammg capabthty Neural networks and genetlc ,

) algorrthms have contrrbuted s1gmﬁca'ntly. o the realisation of such systems.

‘ 1 2.4 Expert Control Systems

) These are knowledge based systems havmg capacrty not only to learn but to -

: '_behave srmllar to human experts The knowledge base is prepared wrth the help of human‘

e experts Once in actron these systems learn and augment therr knowledge su1tably, and °

| - can even have a capablhty of behavmg mtellrgently 1n unforeseen condltrons o

o vThe trend 1s towards srmulatmg the human bemg in control system thus makmg
::them fully automatrc At the cuttmg edge knowledge based systems are there The .

' ‘ultrmate mrlestone would be to srmulate the ‘human w1sdom whlch perhaps has more to

' do wrth man’s abrlrty to emote and feel, than, with his ablhty to thmk-; Man hasto go a long

" way before this can be achieved.



13 FUZZY LOGIC CONTROLLER
C Whenever there is trernendous complexity, or non linearity,' or embiguity in various )
‘z‘tspects’- of'.la COntrol system design, there is e‘searc‘h for 'methods for imitating the elernerlts |
- respons‘i'bleffor this behayiour. B | | |

Fuzzy logic' controllers haye provided an -efﬁcient method of .doing that!. First
1mplemented in Japan for mdustrlel purposes now ﬁrzzy logrc controllers are becommg

: mcreasmgly popular Known for therr closeness to human bemgs in mterpretrng data, they

s provrde an eﬂlcrent way of accommodatmg non-lrneantres ambrgurtres and uncertamtres

14 V]BRATION CONTROL SYSTEM[3]

Before bemg comm1ss1oned a batch of energy meter should pass through a
' number of type tests Vrbratron test is one of these The computerlsed vrbratron test
| system for energy meters avarlable in the I&SP Lab of EED UOR subjects a test object |

(energy meter) to’ v1brat1ons of varymg frequency, amphtude and duratlon as per

o ISl3010 / IS : 13779 The vrbratrons is controlled by the personal computer. The control' :

law used is: PID
The hardware usedlln thrs dlssertatron 1s comrnon to that. of the above control_
'_‘_‘systemMThe control 1s however based on ﬁ,lzzy logrc Detarls of the hardware' are o

. .pres‘ent.e_d in chapter three .end other detalls of the. controller are glven rn chapters four and

" five. o

15  STATEMENT OF THE PROBLEM

This drssertatron has been camed out in three steps whrch are as follows



§ s

1 A soﬂware was developed whrch constrtutes the bas1c controller The control system o

-employs fuzzy logrc to frame its control law The development of the' software arms at .

' makmg the controller generahsed enough for bemg used in a varrety of applreatrons

with little or no _changes to be made in the software itself. The software provides

. facilitiesof changing'the contrOller:'settings, to save them in ﬁles,and to, load them -
from existing ones as and when reduired | |

2? In thls step the basrc fuzzy logrc control system was 1mplemented ona practrcal system '

a for controllmg vrbratrons of a vibration exciter. “used 1o perform vrbratron tests on

. electrrcal energy meters The settmgs of the controller were manually tuned to rmprove .; -

2 f_ the controller performance to the maxrmum extent possrble
3. 'An addrtronal feature of self tuning capabrhty was 1ncorporated in the ﬁnal stage The -

’ performance of the.controller with and Wrthout self-trmmg feature were studred and

compared to with the existing PID controller [3].

The results are summarrzed in chapter srx of thrs report Conclusron of the work "

. are also brought out in chapter six.



CHAPT ER T WO

FUZZY CONTROLLERS

2.1 THE PARADIGM OF FUZZY LOGIC [4 5]

In h13 well known paper Warren Weaver (1948) class1ﬁes all problems into three )

g’roups,_ ,namely, orgamsed srmphcrty,, drsorgamsed complex1ty and orgamsed

o comp.l'exity’." '

,- organisedsimplidty-réf:e_rs td such problemsf‘u'rhich are :easlly' modeled_ and contain

’ only or limited} number of Varlables. Such problems areﬂbes:t handled by classiCal algebra N

and calculus. Disorganised complexlity'is p_resent in problem ha\./ing' very large number of

variables and sufficient randomness. Such- problems are sultablgl handled w.ithtstatistic'alj .

mathematics'. : | |
These two groups of problems accordmg to: Warren Weever lie’ at the two. |

| extremes of the umverse of all problems we face Unfortunately, only a tmy lportron of all - :

- problems faced by humans fall m. these tu/o categorres Most problems -- and the most

1mportance ones -- fall m the third group  organised complexrty These problems do not,

have such a srnall number of. Varlables as could be accommodated w1thm a mathematrcall

‘ 'model follorwrng paradigm‘s‘ of classical -mathematics ,-nor do 'they haye -enou'gh.

randornne'ss as would make statistics a su.itable tool. Yet these problem exist, and are too g

| impo'rtant o be abandoned. Many ways tovde'al With such problems haVe come up Fuzzy :

logic is one of them.



AZ s M F VE

o . S1=70Kmph 140
' Speed (Kmph) . =
M SD)=0, p(SH=0, w, (SH=1, p(SH=0, n,ESH=0,

Fig. 2.1 Speed of a car represented as a fuzzy variable



Fuzzy logxc tries to break out of the constramts of bmary loglc In presence of C
'uncertalntres and arnbrgurtres a statement need not be completely true or false Its degree

: "of truth and false hood is allowed to be partlal to he anywhere in the range [0 l] Tt | 1sf
‘ proposed in the ﬁlzzy logrc literature that human do not 1nterpret data on strlct numerlcal,
terms. Rather, values are seen as lmgurstrc data (small, very large, a. bit harder etc.) and "
. the association of actual— numerical data to these ling_ulstic-termstare' do‘n:e’ through: certain
patterns whrch descrrbe these lmgurstrc concepts |
Fuzzy logrc tnes to rnltrate thls method of abstractron of data mto mformatlon andui
) ‘then to knowledge e _‘ - (‘ o L i | o
| Research on the theory of fuzzy sets has been grow1né steadlly since 1ts mceptlon
h m mld 19603. Research on broad varlety of apphcatrons has also been very actlve an'd has o
- produ.ced' lmpress\lve results Some of the ﬁelds where fuzzy loélc funds popularrty are

| Control decrsron makmg, pattern recogmtlon srmulatron of non—lmear system and many. .

~ others.

2.2 THEORY OF FUZZY LOGIC

)

Fuzzy Ioglc trres to 1m1tate the way a human belng-;' makes a decrsron Thus what 1s . ,-; |
‘ involved in the heart of the decrslon makmg processes based on fuzzy logrc ts not strict
. numencal data Rather they are certain lll‘lgUIStlc data, ﬁrzzy varlables assocrated to them
""and a‘set of rules operatmg on these vanables A brref mtroductron to these concepts 1s‘ . |

'glven 1n tl‘llS sectron More detalled explanatlon of the workmg of ﬁJzzy logrc is grven in

chapter three and chapter four wrth reference to our fuzzy logrc controller 5 -



- ._(a)‘I_‘,ingu‘i'st’_vic var.iable

S When a man uses a partrcular quantity for makmg a decision, he does not go
b : beyond a prec1s1on as deﬁned by assxgnmg a lmgulstrc value to that quantlty

o For example a rnan requlres to be somewhat tall and somewhat dark to be'
L handsome Whrle we ]udge the handomeness of a man, we hardly bother about precrsely
5 '..measurrng h’rs . helght; Yet, there wllldbe_ a general ‘agr.eernent _among ;many regardmg |
B /wheth’er the rnan is 'handsorne or not‘. |

: Such varrables are- called lmgurstlc vanables For example tall dark handsome‘

| somewhat hot or very hot, bad or very bad, bright or glaring etc.

To mvolve fuzzy. logic, -such concepts are used, and crisp, numeric data are

. ’,,cv(')nverted into or extracted from such data ( called as ﬁJZZiﬂcatiOn’and‘jdeﬁrzziﬁcati‘on

s 1“,respectively)n‘ as pefristandard fuzzy logical rules, ‘-

L _r(b) Fuzzy varlable

In a fuzzy system hngulstrc concepts (or vanables) are deﬁned ‘on various fuzzy

e j'sets Then these vanables become ﬁlzzy varlables ‘

Thus take the example of the speed of car It mayltake any value between Zero
"';';a.nd 140 . kmph Th1s range may be d1v1ded into ﬁve l1ngu1stlc varlables namely,‘
approxrmately zero (AZ) low @), medlum (M) fast (F) and very fast (VF) The fuzzy
._ j v-varlable speed can then be' deﬂned by the five lmgmstlc terms converted,rnto. fuzzy sets as

; h‘ flhfshown in F1g 21 | | |

- The fuzzyset ‘ corresnondlng to each hngurstrc concept is also called. as a

| "membershrp functron of that 1mgu1st1c varrable A membersh1p ﬁJnctmn 1s a representatlon



of the grade byl whrch a glven crrsp value- belongs to that hngulstrc varlable 'l‘hus the -

questrons to whrch the deﬁmtlon of membershlp ﬁmctrons provrdes us an ansvver are s uch

as! If. the speed of the care is 70 kmph, what is 1ts membershlp to APPROX[MATELY.
ZERO’ fuzzy set ?

| -The shapes of the memhership functions can‘be anything that matches-the basic:‘

cogmtxve 1dea of that lmgulstlc concept the membershrp grade can take any value m’the , ; f :

“range [0 1] and the domaln over whrch the funetron is deﬁned is the same as the range of .

‘ the grven :quantrty.

. _ "(c) Rule Base

Dependlng upon the applrcatlon there is a set of b1nary rules whlch suggests the.-
hngulstlc value of the output varlable(s) dependmg upon the hngurstlc value of the mput L

| varrable(s). This set of rules is called a rule base.

Bamples:
' If the :sp‘eed_of“ the' approaohing-car. 1s .fast and its distanee froﬂrnlyou 1s srnall‘ the mov'le' |
| -o‘lﬁ of its w.ay.' - |

L If temperature 1slvery hot swrtch oﬁ' the oven.

"»If demand on power 1s 1ncreasmg, and transformer is. gettlng very hot then pump the, ll' .

. ‘coohng 011 shghtly faster

10
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23 BASIC FUZZY CONTROLLER [4]

Frg 2. 2 shows the block dtagram of a basrc fuzzy controller It shows that a basrc '; _’
fuzzy controller consrsts of four modules, namely, a fuzzy rule base a fuzzy inference

engme and fuzzrfrcatlon and defuzzrflcatlon modules In the sequence of the computatron |

L of one control sample the roles of varlous modules of the basrc ﬁxzzy controller' are | ‘,

i

descrrbed below

a) Fuzzrﬁcatron Module The computatron of the next control sample be 1t a control
' .-system of any type depends on the present condrtron of the controlled plant These plant
o _\condmons are transducted (measured) by approprlate measurmg mstruments the -

B measured value thus obtamed at the output of the sampler ( or analog-to-drgrtal converter) =

is usuallyl cnsp or drstm.ct‘ For 1mplementatton of fuzzy mferences these values ’are
| required in fuzzy form. This transformatron from crrsp to fuzzy form of the plant condrtron
measured value is done by the fUZZlﬁcatlon module.

The output of the ﬁrzzrﬁcatlon module 1s the set of membershrp values of the -

S measured vanable to the varrous membershrp functrons (fuzzy sets) defmed for that' '
‘ vanable e

b - B Inference Engine : Therlfuz'ziﬁed measured variables are then made ‘use of by the

mference engme for the computatron of the fuzzy control output The mterference process .

mcludes selectron of proper rules from the rule-base werghmg of the membershlp o

" functrons of the output fuzzy varrable and finally the formatron of the fuzzy output sample_

,by proper combrnatron of the werghed membershrp ﬁmctrons

The output of the inference engine is a smgle fuzzyset corresponding to the output‘ -

control sample.

12



. c)_ . Rule-Base Thrs is the data base contalnmg usually lmgulstlc rules based upon
llngUIStIG varlables as recorgmsed by the fuzzy controller S 1nference engine.
: For example 3 | | i
- IF the temp'eratUre is verylhiéh
AND the pressure is shghtly low |
THEN the heat change should be shghtly negatlve
| The above rule. to one is the many rules that can be contamed m. the rule—base
' ‘1).", Obvrously> there should be membershtp functrons clearly deﬁned in the controller for the
: dlmgulstxc terms appearmg in the rule-base For example there should be a ﬁ.lzzyset |
- (membershnp functlon) for the llngmstlc terms very high, sllghtly Iow and sllghtly negatlve
| :for the ﬁJzzy varlable deﬁned for temperature pressure and heat change, respectively.
These rules are used by t the'mference engme of the controller for the computatlon
g Eof the ﬁlzzy control output o |
d) Deﬁxzznﬁcatron Module The output of the mference engtne isin ﬁJzzy t‘orm It has
‘to be converted mto crtsp forrn (defu221ﬁed) as the ﬁnal step of computatlon of the crisp
: d‘ control output sample ThlS wok is done by the deﬁ.lzmﬁcatron module
| There Vare a nur_nber of deﬁlzmﬁcatlon rnethods narnely,,cent_re- of area method,
centre of T‘rhatdnta'-and ;h;an‘ of maxtrna method{ _VOlne of these r'nethodsl that is found'most ‘

* suitable in’ context to the target problem, can be used.

13



CHAPT ER T. HREE

VIBRATION CONTROL SYSTEM

3.1 :TNTRODU'CTION -
o The vibration control systern can be'divided into two'lparts :l-‘narne]y, ‘the‘h'ardware |
- land'the:software'.': the hardware consists of the vibration test s'yster‘n v(yibrationt'excite.r‘,, |
' power ampliﬁerz,siénal ‘.c‘on.di.tiOners and transducer) andPC Th.e.s‘oftware consists_of the A- o
.- basic ﬁJzzy logic‘~control and its inter.faces.w-ith the hardware Aanhd user. |
e The hardware was adopted as 1t erctsted in a completely.develope‘d stag,e The .
B 'developrnent was done m the Instrurnentatron and Slgnal Processmg Laboratory of Deptt
of Electrlcal Engg Un1vers1ty of Roorkee and has been under use W1th a d1g1tal PID

_ controller for carryrng out v1bratlon tests on electrlcal energy meters [3] The detalls of -

this hardware system have been provrded in section 3.2 though 3. 6
: The ﬁxzzy controller was fully developed and 1mplemented durmg this d1ssertatlon

work. The detalls of its structure have been prov1ded in section 3 7. The block schematrc

) of the v1bra_tron control system is shown in Fig. 3. 1. | ;

3.2»1 V]ZBRATION EXCITER
Vlbratron excrter (or v1bratlon table) on whlch the test object is’ rnounted The'

. v1bratron excrter vrbrates at the frequency of the mput smusmdal mgnal fed to it. The. -

: arnphtude of the v1brat1on s dependent on the amplttude of the i 1nput srgnal

4
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' 33 P()WER AMPL[FIER
The smusordal mput 51gnal to the vrbratron excrter is power amphﬁed by thrs_' e

- ‘.:» ,'x. .

‘ 'power-amphﬁer There are drgrtal drsplays for the frequency of the mput s1gna1 and’ for. .

the output voltage and current on the front panel Also provrded on. the front panel is knob i L

o for gam adjustment.

34 ACCELERATION TRANSDUCERS

. For the transduction of the acceleration of the vihratfon exciltler, to be used asif the
.measur;ediy_al’ue m the feedbach path of the yibration control sy's.t'e‘m; ;two.\‘typfes.. of |

“ '.'ac‘celeration prckups are ayailabIe' here | | N

: a) :;-I"ie'z‘o' elect’ric transducer‘ gn/es better performance at hrgher. Irequency range o
‘ ‘:yvhrle performance trs not satrsfactory at lower‘ frequencyv range Th1s plckup is surtable for |

applrcatrons w1th hrgh workrng frequency l |

b) _ 'l,Prezo - r'esrstrve transdu_cer ; glves\better perfo'rmance 'at':l'ovyer frequency rar]'g'ev_-

Perfo'rrnance deteriorates at higher frequency. the pickup is ayailable' at’che_aoe'r costs as -

c,ompa'red“to the niezoelectric ‘picl‘(upl. The transducer consists of Ia:s.train - gauge element.

_Our application beingraflo'vv frequency one (10: 150 Hz) and due to lquer 'cost,_the .

strain gauge acceleration pich-up was p:referred and has been used 'au along..

3 5 SIGNAL CONDITIONING

Devrces used for ccndrtromng the feed back s1gna1 condmomng from the

- accel_eratron prckup for data acqursmon are'"as _follows o
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B 351 -":I)ynamic.Straiivn Am__plifier‘.

| The srgnal coming from the,str'ain-gauge acceleratton pick-up 1s too weak to be
"‘aotliuired"direotljf"hy a digrtal'computer; For this :reason'.a strong ampli‘f.l‘cation'is prov’ided-
a f. 'to' thisi‘signal by t‘he"‘ dynarmc strain arplifier. The front panel -prouides 'course and fine

- balancez for 't_he brid g arnpliﬁer. There is a frequency Sélection Switch a]IoWing.the user to

select the cut off frequency of the low - pass filter incorporated in the amplifier unit,

| " . 3:5.2 lfeak"g Detector_:'

Ours is ahd‘ilscre"tie time eontrollet_. That is,t‘ea_eh eontrol aetion 1s taken ata discrete
; 1nstant o,f tlme The output signal 1s a sinusoid ’u;hose amphtude is oontrolIed (adjusted,)‘ on
| -.,the basis of the peak "acceleration value during"the previous cycle of "sinusoid thus the.
. measured value of mterest is the peak acceleratlon value of each cycle of vrbratlon Th1s is

‘ "captured at the output of the dynam1c strain amphﬁer by this peak detector 01rcu1t

.. 3.6 ‘DATA ACQUISITION SYSTEM

The data is acqurred bya personal computer through add—on data acqursmon card.

s, 6.1 Personal Computer .‘ -

An IBM PC compatrble has been used A fast processor iz 486 DX or pentrum

s requrred when the controller 1s operatmg in exphcrt calculatron node
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, 3 6 2 Data Acqursmon Card

Dynalog s PCL-208 card has been used as the data acqu1s1t10n card ThlS card has -

o

: one 16 channel analog to d1g1tal converter w1th 12 b1t precls1on Two dlgltal-to-analog"

' .converters and an 8254 programmable tlmer counter -are -also avallable- on-board which, m.

conjunctron w1th the 1-MHz or 10 MHz 1nternally provrded clock srgnal is used for time NE

A f'keeprng purposes Relevant detalls about the reglster addresses Jumper and swrtchf

: ; posmons are grven in the Appendlx

37 :; FUZZY VIBRATION CONTROLLER STRUCTURE.
B F1g 32 shows the complete structure of fuzzy loglc v1brat1on controller the

- ,‘software has been shown enclosed in the outer block named fuzzy loglc controller The

, e ‘other blocks are the hardware elements descnbed m sectlon 3 2 through 3 6

The multlpher H’ isa novel combmatlon of soﬁware and hardware multlphcatlon.

- \ 3 "avarlable in DAC (a concept devnsed by Dr. H K Verma and Dr Vmod Kumar)

Both the dtgltal to analog converters in the PCL—208 data acqursrtlon card are used V

“in the way lllustrated in the flgure 3 3. A reference voltage Of -Vier VOltS D C. Wl“ give an -

".V‘analog output range of 0 Volt to V;ef volts to the multlplymg type DAC s mounted on-

o board PCL 208 The DAC 0 is glven the 1nternal reference of “5V D.C. Thus, rts output

N "can vary in the range 0 volt to +5 volt.

ThlS output of DAC O is grven as the reference voltage to the DACl as shown

" ,‘Now the output of the multrpher is avarlable at the output of DACl

18
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A normg.lized.sinusoidal signal is given out fo 'thé inpiit of the DAC O, v_v-vhile'—‘tyﬁe'
.. factor by ﬁhich it has to be multiplie;d (‘or‘scaled) is' writfgh; out :to DAC 1 -digi‘talii:[n'm-t:'ﬂ-l‘é ..
| résult is a sinusoid properly scaled available at AOUTl as shOwn. | |
Inside the ﬁxz;y contr(;ller block therc. érﬁ: ';1 n‘umber of inner bloc':ks-@ﬁ-‘ich are.
eklplained. beiow. | | |
a) lhput 1 and Input 2
Theéé two are 'inpuﬁ ~blocks,{ ogé cqrrgsgonaing to the er'ror(é).and. the other:
c_orrespbnding to the chz:rrmlgé‘of érrb; (Ae). Thesél'c‘onta‘iryl functlons fdr normalisz'itibn‘é’nd‘ '
Ifuzz.iﬁcat.ibn of reépectivg input varia_vl-)I‘e.‘ o T

- b) Weighing of rﬁles

 This function decides the weights by' which each rule in the rule base i fired. - |

) Infereﬂce Engine
Th_is‘involv_es many, functions. Salient ones are sh;)wﬁ in blbck;larened" ﬂnal
weights of output fuzzy sets’, 'weighing of out'pLit‘ﬁJ‘zzy sets’, ‘?chbinz;tiOn of \.’\}e?g'h‘e;i'
set to obtain output fuzsz set’ and ‘deﬁjzéiﬂca;ion’. | |
- d) Denormalisation
This bontains the ke}f. to deciding the exacf étrength"o‘f the control.tzl‘c;tién. A hlgh
-Vdenp_rmalisation.factor woﬁld cause s&rong co'ntrol,j i‘.g. fapid cor'r'ection: T he ﬁnaltunmg

- of the controller is to be done through the adjustment of this parameters

3.8 SELF TUNING FUZZY CONTROLLER [6]
A minor modification in the‘peripheral structure of the controll_ef ‘=1e1’1ds"'a self-

tuning controlter that has the capability of uneven strength of control in the entire range .
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In our application this féatu‘r,e was implemented by making the self tuning scaling

‘facfoy a linear function of error.
This element provides a wide range of possibilities of making the controller self-
tuning. In this software the self tuning element is derived from the internal building blocks '

of the basic fuzzy controller ; hence enjoys all its flexibilities pertaining to its shape. -

The block diagram of the self-tuning version of the fuzzy vibration control system

is shoWn in fig. 3.4.
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CHAPTER - FOUR.

_ VIBRATION CONTROL SYSTEM

"'-»"4 1 ]NTRODUCTION
: Thxs chapter drscusees the software desrgn aspeots of the fuzzy v1brat10n controller'
the ;tmcture of Wthh was dlscussed in sectron 3.7. The soﬁware has been 1mplemented o
‘ m C++ [7 8, 9 10] The develop‘ment has been kept object orlented m order to. ensure_

L max1mum ﬂex1b1hty, expendabllrty and clarlty of the program Chapter ﬁve w1ll dlscuss the - -

' _',soﬁware detalls m contmuatlon dealmg w1th mtrfaces w1th hardware and user

|42 CLASS DESCRIPTIONS
_ ] Following user defined classes are created to form the fuzzy vibration controller

software.

L a_] Class Fuzzy -set : This is the object repre.senting a fuzzy set or membership function.

" This contdins information about. the shape and position’; of a fuzzy set in the form of an
._array of points.‘ Thus the structure .of a membership” function is stored in a piecewise
, linearlsed 'mannér.,-

L 'b] Class Var This represents' a fuzzy .varlable. This therefore, .consists of an'array,' -

e named regxon [ ] of fuzzy-sets each representmg a membershlp functlon (M F) of the

fuzzy MFs varrable As many can be contamed in the varlable as, requlred day depending
on the user. Default number of fuzzy sets 1s 3. Var contams computatronal facﬂmes on the

fuzzysets It can also check its own errors as per the constraints of the software

24



¢} Class Input: This répresgnts the mput va;riab)e., It. 1sder1ved 'jfrom: class Var and .

contains facil'i'tiesvof nomélis—atioﬁ and fﬁzziﬁgétion of the ré_:«id in data.. |

_ (i]' Class Engiﬁe : This r"épr.e':s,er.ltsi fhe inference ‘engine of the fuzzy .COntrollgr and involve:s‘
" all fuzzy légiéal compt;fatiohs and st@feS them in an"o'u.t'pﬁ‘tv fuzvz'}“'set'.'ﬂ"ﬁi.s., thus,xs deriiléd ) :
.ffo'm class Var and i;lass Fﬁzzyisét. Engine can chéf:k for any errors 'e>;iti’n~gfiriv it;tsétting:S' |
| as per the éonstrain‘t of tl}é soﬂwére. | A o

e] Class Controller : This is the outermost ol‘)ject‘répfeséﬁting the fu;zy’ controller. This
is derived‘for the class Engine and contains many'furvlctions for.dper‘at_ion of »thé’~éohtjrol‘ier.

f] Class Mem_i: This obj‘e(-:t c?ontain the menu screens fér user inteff;ébing. 'Tlvle g@hu
screens are built in text mode and give facilities to thé user to use fhcﬁoﬁjware as required. |
n}ain '( ) function at:‘,ts as tﬁe' driver of the prrogram. The releva‘nt'objé.cts éré "créa“tAed étfd )

-

'fﬁnction aré called as per the commands of the user nthrough this-function.

 43CLASS HIERARCHY
e Fig. 4.1 éhoWs‘ tiié 'cléss hicalraréhy as used in this:soﬁWafé:- Iﬁheritéﬁg; 1sused '
.b:rodu'ce -thi; cléss .ﬁiefaréhy. Also sho;un,,withihl i)oxes ezi.ch ‘repreéentil;é a cl'ass,..the :
ﬂc‘l:iassés. composing the respective class. Composition has been us.e“d whéré've.rt;his stru(;tur‘e"v'
1s reﬁuired’, |

Individﬁal meaning a each class has been described m -se'cti-én 42 Th_ié s;cti‘c;x;
" explains their significance in relatioﬁ to one anothef.

The class Fuzzy set is the innermost object.’
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The class var is composed of an array of Fuzzy_set's . Each fuzzy_set represents a
the membership function corresponding to a linguistic concept pertaining to various yalues'
of that variable.

ﬂThe class Input is a derived class of Var. It provldes all facilities of’ conversion of

L

the crisp mput sample into 2 normahsed form and then into a fuzzy varlable (ﬁlzzrﬁcatron)

L »\‘Thus fuzzy Vanable correspondmg to th1s 1nput is nothlng but the base class Var

The class Engme is derrved from Var and Fuzzy set. The ﬁJzzy varlable o

correspondmg, to the output variable i is the base class Var The output of the computatron- |
'of one output control sample is prrmarrly in the form of a fuzzyset. Thrs 1nformat10n is
v 'stored in the base class Fuzzy set at the end of each sample of control

TI"HS“ class also contains an array of F‘uzzy'_se'tsl with:_the name : Fu‘zzy4set |
temp_sets[]. This is required as-an ternpora'ry storage f‘or the,comput.atlon of the con‘trol
' output‘. It_sisignlﬁcanc’e is explained in‘the«algorithrn-of truncating‘ .th'e‘ ‘Outputmemhership 4
in section 4.7.

The class Controller is the . object representmg the complete fuzzy vrbratlon:

:control Hence all facllrtles pertalmng to 1t are accommodated in this class class Menu and K .
'_class Engine are base classes_ of this - class. Menu contarns menu screens _fo.r--menu drlyen |
user .interfaces.- Englne is the'inference e'ngi'ne.AThe, input yalues -(the er'rorj and ‘.erro;r_.i
_ ohange’). are brought into the controller by the- rneans',vof two objects V1 V2 Which- are of .
| the type 'Input. They, are "contlained in the class ,Controller._'

| Section:4'.4 to 49 contain the;qal'gorithms in the implementation‘ of the vcontroll‘er.l o
When objects are created (i.e. when their construction functions are ’calledl yarlou'_s

activities occur steps as initialization. Description of these initialization steps -are
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given mput'_v.arlvable., -

e OnCe an: input'Sample is_ acquired and no‘malised this ﬁmction is called fer each
_input variable. The output of this procedure is an. array mem _grade [ ] each element of |

4 whxch is the membershlp grade of the mput sample to. the correspondmg fuzzyset of the

4.5 COMPUTATION OF WEIGHTS OF RULES (Engine :: fill_FAM ())

ALGO,RITHN'I ,
1 _ " Set >c(>)1>m_terIA= 0.;
2 Set counter J = 0
-3 7F1nd the minimum out of 1-th element ef V1. mem-grades [ 1 and J th element o
- of V2, mem-rades []1and store it in FAM (01 J ] B
4. IF J number of M. F S deﬁned for vz,
HEN
ELSE |
Increment J by 1.
Go'to 3. |
IF1 = 'nnmber of M.F.S defined fer V1. |

THEN

Ge t0 6,

"ELSE

- ",'Incremkentliby:l . o
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| Goto2

S 6. ‘_l.‘._.lRLeturn_f'_"

S Explanation . "

i rule'%_basvér[-']- [j-’-_- e 12 ) 1 ol

The rule;b;se,o‘f fuzzy system 1s oﬁen stored in the form, of an artay called fuzzy
-asSoeiative memory (F-AM) The nt:thber of dimensions ot‘ a FAMts I‘equal 'tb' 'numbe‘r of >
mput vartables each dtmensmn correpondtng to. one mput vanable Each element of the -
'. FAM 1s afuzzy rule E |
| For example let thete be two mout.”vanables | say € end Ae -E'ach defmed as a'.
E .‘fuzzy vanable contammz, three membershlp functtons LOW MEDIUM and HIGH coded ‘ -
as 0, l and 2 respectlvely Slmllarly, the output vartable is also deﬁned as a fuzzy varlable_
3 “'contatmng three membershlp functlons LOW MEDIUM and HIGH coded 51m11ar1y as'

‘ 0 1 and 2 respecttvely

Smce the system has two mput varlables the FAM (named rule. base[ ] inour
o .'software) IS a two dlmenswnal array havmg three rows and three columns In a typlcal
f '_case rule__‘base, [.] [ *] will lo'ok as shown- in F1g.4.2.. -

" ‘Fig. 4.2 An 'exa,mple of fuzzy' associative memor}y’ '

.30



For example, take the element rule base [1] [2] 0. ThlS rule ‘means that
If eis MEDIUM (1) AND Ae Is HIGH (2), : | |
THEN output is LOW (O). :
, ‘I\low, the weight of this rule-for a given val_ue of sample oI each' input"varlable -'e- |
and Ae depends on themembership of the given'normalis'ed‘ values 'o‘f'e and Ae to
| MEDIUM MF. ofe and HIGH MF. of Ae respectlvely

Mathematlcally, ..

Weight of rule_base [1] [2] = min (g [MEDIUMJ, jpe [HIGHD.  (4.1)

| The rnm operator is allowed (to be‘ of any form‘ as descnbed 1s ﬁrzzy loglc
| lrterature The choxce depends more on the pragmatrc Vap“pllcablllty than on any theoretncal
-base In our case min operator has been used in its purest form 1 e. |
~ min (ue (D, Bae (1)) = He () if e () < Hpe ()

| = g 0) 10 () > ac () o - )

The rule that comes out of thls process haying a non-zero we1ght, is saild is__.have
b'een flred, -’I‘he weight"s“of each rule is seperately eualuated as stored in an a:rrap identlcal' |
~in drmenSlons to the rule base [ ] [ ]. In our soﬂware this varllable matrrx has been named .
B : 'las FAM [] [ ] (Wthh should not be confused wrth FAM whlch is represented by‘

rule base [] [ ] in our software) Each element of FAM[ ] [] contams for each lnput

. '.sample the welght of the rule represented by the correspondlng element of the

 rule base [ ] [ ] matrix. For each mput sample each element of FAM [ ] [ ] is computed as

per the eq. 4.1.
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Th1s is accomphshed by- callmg the functlon ﬁll FAM () whose algonthm has been ,

o dlscussed m tlns sectxon above

Y CbMPUTATtoN O‘F FINAL WEIGHTS

(v01d Engme ﬁll temp membershlps (v01d))

Each rule n. rule base [ ] [ ] suggests a fuzzy value (ln terms of the fuzzy_ L

Lo . memberslnp functlons desued for the output vanable) The truth value of that fuzzy value .

" 1s the same as the welght of the glven rule One output vanable fuzzy set may be: :

sug,gested by many rules in the rule base Each rule w1ll do that w1th a dlfferent value of

o welght Whlch has to selected as the fmal welght of the glven fuzzy set 7 The. answer is

'max’ operator. S 1 T

-Cortésponding to 'each output ‘variable fuzzy set, there is a list of rules which.

e .suggest that ﬁJzzy set as there output When the Welght array FAM [ ] [1is ﬁlled as

'_‘_descrlbed in sectlon 4 5, the fmal weight of each output fuzzy set is computed as the' o

re maximum of the welghts of all rules with that fuzzy set as the output

| : The hst of all rules correspondmg to each output fuzzy set is contatned m an array‘. o

tmg [ ]
The algorlthm for computanon of fmal wetghts for each output fuzzy sets 1s gtven

-‘ belovv.ﬂ e

L ALGORITHM L

l'.‘ Set CounterI 0

C 2.0 SetcounterJ 0
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3. - iSet MAX to the Jih rule cor’respopdi_ng to ‘tl;he Ith 0’utpu‘t. ﬁ'x.‘zzy's’et.'v
‘4.' Incremeﬁt J by 1. | | - .
_ 5 IF J =no of fuleé c_otrespoﬁciing to the It._h‘ fuzzy sét’,A . |
rHE
. Goto6 -
ELSE IF Wt (Jth Rule of 1th fuzzy é;ét)‘ > MAX,
TmN:gotdlf e
ELSE go to 4.
. 6 " IncrementIby 1.
7. IFI - no. of output _fuzzi séts. -
'THE:I\I.»go t08. o
. ELSE g0 t‘o,"2’. -
8 - 'S.et ‘t:emp»‘_meinbgrslvlip [i] to max.

9. - Return.

* The final weight  of each  output fuzzy set is contained in an array named "

temp_mgmb erships [ 1 t |

4.7 WEIGHING OF OUTPUT 'FU'Z_ZY SETS (void IEngin_e;': truncaié(yoi.’;))' o
| ‘»Once th§ final wéights -of qutpﬁt ﬁJZZ}; égfs hkas\be_.e'n dec'ide.d.m.by theprocess
, 'aésctibéd in sécit‘io‘n 46, the next step'is to weigh"thé'éisSoéi;ted. outputfuzzy sets v'vithl,‘

, ,ltheixl rcispc;.cftivé weigthts/.‘!‘ o | R .
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F or example 1f ﬁjzzy sets for the output ﬁJzzy varrable arel deﬁned as LOW(O)
| "MEDIUM (l) and HIGH(Z) there welghts are stored in the array temp membershlps [1
| If temp membershlps [] {0 5, O 8, 0} - | |
then for the questlon how much LOW MEDIUM and HIGH should the output' -

varrable be? the answer is: 0. 5 0.8 and O respectively. The actual output fuzzy set will

" thus be a welghed combmatron of these fuzzy sets.
Many strategres are avallable for werghmg the fuzzy sets. We have employed the

- *method of truncatron of the fuzzy set An example of truncatron of a fuzzy set is shown m
__ Frg 4, 3

For the example shown in Frg 4.3, the mput fuzzy set is. stored in 2 precewrse linear

: | manner as {(xo, YO) (x1, Yl) (x2, y2)} where YO y2=0 and Yl = 1
On truncatmg the ﬁlzzy set at 0 5 level the resultant ﬂlzzy set wrll be stored agam' “ -
- plece wrse lmearly as {(xo, yO) (X3, ¥3), (X4, y4) (x9, y2)} where y3 = y4 0. 5

The algorrthm to brmg about thrs effect been provrded below o

| _‘ALGORITHM

L VI' Obtam the pornt(s) where the horlzontal hne at the given membershrps level say p.,

o »'GU"tS the glven,fuzzy set. Let thrs pomt— or pair of ,points be called oy

2 The truncated fuzzy set wrll contam all p.01nts on left s1de ot' the member of oy -
_ | .» "‘.';wh“’h is-on- the nsmg edge of the ongtnal ﬁrzzy set. Copy all such pomts to the |

o resultant fuzzy set, if they exrst
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" Fig. 4.5 Al_] output fuz7y set p':_l'fﬁtjbned for defuzzification
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3. ' Copy the risihg edge'member of oy ‘-as the next member of truncated fuzzy set, if
_\it does'not' eoincide with any 'point already copied. B
4. Copy the ne)rt rnember‘ of au if it ex_tsts to the resultent fuzzy-seh |
‘5. The truncated fuzzy .set will contain ail points on the right side of thejrn"'ember of .
. vau which is on the descending edge of the'orfginel fuzzy set. Copy all 'such‘ points
_to the resultant fuzzy set 1f they exrst o
| ',Dunng thrs process track has to be kept of the ’number of pornts copred lnto the |
resultent xﬁrzzy‘ set. -Because this fumber is now the number of pomts contamed in the
‘truncated 'ﬁizzy set it is an fnrportant parameter for further computlations
- . " Each output fuzzy set is truncated These truncated ﬁrzzy sets .are ternporarrfy

stored in an’ array temp sets [ ]

48 OBTAINING THE OUTPUT FUZZY SET
| ' (Fuzzy set Fuzzy set :: operator H (Fuzzy set &)
f and Fuzzy set Fuzzy set operator | = (Fuzzy set &))
L E ',;L;Copy the ﬁrst ﬁJzzy set of temp sets [ ] 1nto the ﬁnal output ﬁJzzy set
| 2. ..“Set counter Ito1. ) |
3. " Find the umon of the present output fuzzy set and the Ith fuzzy set of temp sets [ ]\ .
E and store as.new value of output fuzzy set. |
4 | " IF I = no. of fuzzy sets in output yerrable
o THEN o

~GotoS.
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ELSE increment I by. 1

Go to 3. |
5., -Ret.'urn.

Step 3 of the above algorlthm is best under stood with an example o

Let fuzzy set A= {(o 0) ©.L0. 5) (0.2, 0.5), (o 3,0))

- LetfuzzysetB {(010) (02 02) (03 02) (0.4, 0)} )
thenfuzzysetC AuB {(0, 0), (0.1, 05) (02 05) (026 02) (03 02)
- ©04,0)) |

'Gfaphlcally, this is shown in ﬁg 4:4

:Out of the Weighed output fuzzy sets, the process of obtaini.ng’ the ‘final output
fuzzy set is deseribed in ‘t-he above algorithin. With complet‘ion‘of the above procedure, Ath'e

- output control variable is available in fuzzy form.

- 4 9 DEFUZZIFICAT[ON (void Engme deﬁjszy (vond))
| The control fuzzy vanable is avallable Now it has to be defuzmﬁed
| There are a.nurnber of alternative metheds of deﬁjznﬁcatmn ns‘.umentionﬂed,i‘n
_ sechon 23. We haue chosen“Centre of area’ fnethpd of defuzzification. The output fuzzy
| set may typically ]eok as shown in.Fig.4.‘5. |

| Th‘e defuzzification process' can be visualised with the help of the detted linee
partitioning the output fuzzy set into a number of trap‘ezoids. |

The defuzzified value can be obtained by the following process.
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where ZA; = Summation of the products of the area of each trapezoidal part and

the x co-ordinate of its centroid.

2A = Summation éf the area of each trapezoic:ial part.

The calculation of the normalised output contré)l sample gets completed here, If is
ﬁirther denormalised and the new éontroller gain is calculated by adding the new control
adjustment to the previous gain.

The details of hardware control software are discussed in‘chapter five,
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CHAPTER - FIVE

INTERFACE SOFTWARE

5.1 n\iTRonubi“ION R
. Design "of: the controller soﬁw_are" was discuéég_d in Qhap'fe;-fou.;,‘ This' ch‘apter‘
continues the .di'scuésiém on the soﬁbv.ére; dealing pfir‘iléri.ly vs'zith‘.ktih'e interface of the
controller soﬁwaré‘with the exteni_al 'world..l- S |
‘ The controller soﬁ%zvafe is c'bﬁnéctéa 'With the external world ;)n two sides, viz., on
the system hardv\;are sidé, ahd_ von"th‘e_us_er side. Section 5.2 through 5.6 des'cribe:' the
inté_rface with the 1’1>ar:'dw.are-:T Sectioh 5.7 gives bv'rief ir;_fo;fnatioh abpuf the user interface.. |
o C_grtaiﬂ ;elévant defails of PCL-208 éar'd_ are cdmplementeiry to the ir.1fic-Srm_ai.tion= m -

this chapter. These are presented in' APPENDIX[11]..

5.2 .-ll\lIITIALISATI_VO_N (vg)lid C:d‘n'tljoyl‘ler::i_nit._'_zi(lls (int))

| Tixe PCL-208 card uses‘both .its' DAC's fof-outpuiing the, con_t(c')l. output ,sigpz'tl;) the .
ADC ‘for_ acqu_iri’ngvv the feedbéck signal ;»from the peak detqgféf_; and thé 8254 '
programmable timér - counter for 4time'—ka:'e;piﬂng during the operation of the controligr[l 2].

- Thus the pfoéeSs of initialisation of PCL-208 card involves the following steps.

~ ALGORITHM

L Set coutiter 1 in mode 3 BCD count,”
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2. Set.counter 2 in mode 2 BCD count.

3. A Load_coﬁnter 1 r¢gister (16 bit) with épp;op?iafe’ valﬁe for thé_-réqpi;ed oﬁtpﬁf"
fre;luéncy. . | | | | | |

4. Load V‘Acountver; '2'regi$ter (16 _Bit) .wit‘h appropriate Qalue for the feduiréd output
, f?cclluéncy; | | | .

5. Select chantiel 0 of the input multiplexe-r.

6. ’Select pacer t;iggei‘,ing.

;/'. | Enable paééf triggering.

8. Send prop.‘érA gajﬁ value to thg ]‘)ACrl". .
9. Return R o
Step makes the mul.tiple);cer‘scé_in througﬁ'only its channel 0 input. ThlS is because
' 'thy‘ o-rie;an'alog‘ inpﬁt is conﬁéctédtd'i‘ts inpu'f,"i.él the feedback signal from thé péa‘k_
detector. o
The internél clock of the PCL;208 card is 1-Jsed for all time keepilng m ;the"sy.s:ccm.
Hence we require pacer triggering. This is done through step 6 and 7.
As described in‘sec‘tion -.3.‘7, the new controller gain is coﬁputed and‘ is sent ouf to
the DACI. This is done thrdugh the step 8 of the above algorithm.
- It is to be noted that step 8 is basically a function in the software to be called when
-the controller gain is to be rénewed. Hence complete initialisation is nbt,t§ be done éach

- time controller output occurs.
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: 5 3 ACQUISITION OF FEEDBACK DATA (vond Controller sample(voul))' ,
ALGORITEM
| Initialise CURRENT STATUS as FREE. -
2. | ' Assxgn value of CURRENT STATUS to PREVIOUS STATUS
3. Acqulre the new value of CURRENT STATUS |
_' 4 IF CURRENT STATUS FREE and PREVIOUS STATUS BUSY:
N =
‘ | ‘ G;oto 5
 BLSE
| -Go to 2: ‘
5. ‘» Read the new value from ADC PORT. -
6. ._ Scale and Store properly.
7. - Return
- - ",Basi,cally, CURRENT STATUS read the status of the rADC.v-The ADC keeps
certam status kit BUSY (1) when it is in the process of convertmg an’ analog value too, -
dlgxtal value It makes it FREE 0) when the conversion is completed Step 3 and 4 keep. |

pollmg this status bit and on trackmg a BUSY to FREE transntlon of lt read in the newly

converted date from ADC port

| 5 4 OUTPUTING ONE CYCLE OF SINUSOID (v01d Controller sinUSoid_out (int)) .

s ALGORITHM

1. Set _counterI to 0.

2. Detect one BUSY to FREE transition of ADC.
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3. Output Ith sample of @ cycle to DAC\Q.
4. Increment I by 1. o )
5.i [F I equal to 32
| THléN |
Go to 6.
ELSE
K Gd'to 2.' C

6. Réthrn.

Theré i§ an arrayl of 32 eleménts (named out_sin[j) that contains nor_maliséd yalue :
gll together c‘onstituting a cbmplete cycle of a-sine-wave. Thus each sample is spaced
equally at /16 radian. These values are to sent out to DAC 0 one by one after an
appropriate spacing in time depending upon the output frequency required.-

| The fime sﬁacing is obtained by l_o,z;ding the counter regi.sters with appropriate
. counts. The analog to digital conversiqn occurs at a ‘corresp‘on'din.g rate. Thl_Js the time is

kept by reading in the ADC status.

5.5 | THE COMPLE'TE C(_)NTlflOL PROCEDURE
| . (void 'Cvontroller -+ real_control (mode))
_Tﬁe internal structure c;f the fuzzy logic vibration controller '.was'descrii'a‘ed in
section 3.7. The software design-aspects were discussed in Chaiqter 4 and in Sections 5.2

through 5.4. This procedure coordinates the complete controller section by timely
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i’nt)oking'_ all the procedures discus_sed eétrliet. The .algoritltm of this ,s:oﬂ\ivar.e_ :is' agi\}en -

Below.

ALGORITHM "
(@
1. Imtlahse PCL 208 card, output denormahsmg factors GAIN to 1 etc.

2. Get the ﬁrst feedback INPUT SAMPLEle invoke procedure of samplmg (sectlon o

. 5.3). ;
3. Setcounter Ito 0,
4. _Set~counterJto 0. -

- 5 ' Outputthe zeurr‘ent.yalue,of GAIN ('s;ection _5.-2-),“; ‘
6. Outout one cycle of sinusoid (se-ction '5.4)J.
7. Assign INPUT SAMPLE fo PREVIOUS SAMPLE.
8. 'Invoke procedure for entire ﬁxzzy loglc calculation (section 5. 6)
9. Adjust the GAIN by the denormallsed output of the fuzzy logic mference engme
-10. - Increment J by 1. .
11. - IF J = No. of cycles of the current frequency to.be output -
THEN Go to 12
- "i’aLsE G’o;'to 5.
2. 1:'Incrementllvbyj 1.
13 " IFI=No. of frequenotes to be output
THEN Return. | |

ELSE Goto3.
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5.6 - COMPUTATION OF.ONE CONTROL SAMPLE
(void Controller :: sample_qlit (void))
After thé 'inbut samples ‘have been acquired as e and Ae the computation of the

next controller output sample is carried out as follows: (-\

U,

. ALGORITEM
:' 1 | Nbgrﬁélis‘é e and ‘A'e..
_-. 2 Fuziify (section 4.4).
| 3. Find rule weigﬁts (section 4.5').
4. | ,Fi;ld the ﬁna! weights for all-output fui;y sets (section 46) o .

S | 'We;lgh the output fuzzy sets (‘séctidn 47).

.6'.' ’ CombineA-tAoA get final output fuzzy set (section 4.8).
7. Defuzzify.

8. . Return.

57  USER INTERFACE
| This séction enumerates and defines the basic interfaces provided to the usef to’

operate the controller software in various ways.

Also described in this section are those features which may need éhanges on

further improvisation.
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' 5.7.1 Facilities
_I (a') IC'o‘nterl :
| | This gives an option of running the real-time control, the si'rﬁula_ted qoﬁtrdi?er, ‘t'fme -
"re%il'-“c:ilfnlé coirlltrollvin rapi‘d fﬂode,' _and ‘sélf‘-‘tlyl"n{n‘g mode. :
- The real-\timevcontro‘l iﬁitiates the control action :\:Nith e‘xpiiﬁ:iﬁ _g;‘)irivlputat.iévh;
v Tﬁé'sin;uiated cor;t'roll"er_:waél (-ariv'd"cjiah bej‘uéie;d‘iin'-t‘he initiélf stage 6f the -é@niro}lér
se'ttingvto'test whether the controller is stable and has c;orrecting'téhder;biE's. .
On choosing the‘real'ti_,rﬁe co‘ﬁtro‘llihi‘fapic-i mode; "a_'lbok uptable of ' an aﬁpf;iiriate
size (as defined by the user) is created. Thér look up contains precalculated conyro} values.
‘Hence ti@é of exblicit on line-computation is saved.,.Howéver, a lookup 'suﬁi;:iéntly large
(for éccﬁracy) and small enough (forA séeed and memor;i)”is a desigﬁ' cOnsidc?ratioﬁ.
- On initiation of the .con'trol acti-on, thé controller merely fe‘tcheé the Values _from‘ thé "
- look ﬁpfe;.s per the value _Qf e and Ae, thus wsav_i‘ng time. -
.. b) Changmg thé Contl;oiler .Sjétting : |
\-"‘All the 'c:);itrOIIer sektti>ng-.'viz.k-the‘ .Ahu'mber of ﬁ;izy sets (i:c%ﬁtair;éd‘-in 'eéich fuzz&_: R
variable, their shapes, the ﬁumber éf ﬁxizy ﬁxles and the rules thémsélvés, can be éhanged ;
by the user throuéh the use.r interface.
- ©) Saying the Settings
The controller settiﬁgs can be saved to-the disc by this facility in a data.ﬁle,
speciﬁed by the user. |
d) Loading the Settings
Set;ipgs ,93;9 be loaﬁe& fror’n a.prc)iperly‘.QOéumenfea ’datﬁé‘tv;ﬁle 'by thls .c'ommand; |

The software has its self checking mechanism which becpm'es’ active wltlene'ver' a change is
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‘made or settings are loaded from the disc. Appropriate errer message will be displayed on
occurrence’ of any violation of constraints. The software will not enter control “actions

* ‘unless existing faults are corrected.

5.7.2 Limitation
The rﬂo's‘t, -impoﬁant‘ _limitation of the software is that it is build for only two
fe,_édback éiﬁz.iniifies,. i.e., error and” qhangé in' error. If any change in the number of
'.vahri'ables"i'si i‘_r'lt‘eqfie‘d to be made, thé'same is: ot allowed. -Moreover, no superficial or
concent‘rate_;l change will Being about the neéessary modification. A number of algorithms
’ égsuﬁ;e the number. of variables as two..Any change in this humber 'will.haVQ to be made at

- all such placé,s_.‘
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" CHAPTER - SIX

'RESULTS AND CONCLUSIONS

L

6 1 PERFORMANCE RECORD
L The vxbratton table was subjected to vrbtrattons at frequencres rangmg from lOHzA
) to 150 Hz at steps of 10 Hz Each frequency was mamtamed for 5 sec. The set pomt was
__.kept constant at - 1 g (9 81 m/sZ) peak for’ all cycles the recordmg was done by maklng A‘ .'
. necessary addmons to the controller software and using the same hardware as for control :
| F1g 6.1 shows the plot of the recorded data. The upper plot is the complete pomtt o
::'by pomt plot The lower plot is the plot obtamed by averaglng the response over 64

7hsarnples wmdows Plottmg of the graphs was done wrth DASylab package o

" ‘6 2 DISCUSSIONS
N ,' Certam 1mportant observatlons can be made on above record An attempt is made

below to prowde explanatxon for these observatulons

(A) Expansnon of frequency scale toward hlgher frequency range

-The v1bratron table was subjected to each operatmg, frequency for a constant
: duratlon ie. 5 sec, The number of cycles output for each frequency is, therefore‘,

proportlonal to 1ts value To accommodate all the samples they have been kept equrdlstant -

1n the plot Thus plot for a hlgher frequency spands over a larger range on the absrcca as,, | _‘

:' compared to that for a lower frequency
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zFig. 6.1 Performance Record of Fuziy Vibration Con}troll’er‘
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| (B) Plotting of aveute ruponse :
Thls plottmg ms done to show the general perfonnance of the controllu in a

T

vﬁon (ﬁmnm of the envelope), the 8W° Pk": i

_ could be:
*(a) No si v-:jl’cant clumge in the gain of the wbration tabl

b)




(E) Efl‘ect of step change in frequency:l .

The step change of 10 Hz- every 5 seconds appears to have an observable effect on
'Acontroller pe'r‘form'ance..v Except‘at a few places the peak acceleration ‘.shoo‘ts. up or
| ‘(usually) down near the pomts of requency changes The possrble reason are :
| a) The step change in frequency, especially when its ratio to the value of the current

| frequency is large ratio to the value of the current_ frequency is large, represents the

introduction of higher frequency transients. They are llkey to affect the outp‘ut.

_ b) Over the 5 seconds' running time at any constant frequency‘ tlle output of the
controller starts s.ettlmg to a value as requrred to keep the peak acceleratron close
to the set value However- the “gain value w1th whrch the next frequency starts
"remarns the sarne, 1rrespectrve of the fact that there could.‘ be a srgruﬁcant
diﬂ‘erence in the yibration table gain at those _two freduenci'es. Hence, the :overall |
for\Nard path gain undergoes at step change With.the change in frequency. This,

+* with full likelihood, may devate the vibratlons from there set value.

6.3 CONCLUSION -
A PC based generalised 'fuzzy logic vibration‘controller has been designed and

N Irmplemented in real trme on the vrbratron test system for ¢ energ,y meters avarlable inIand |

SP laboratorres of EED UOR

‘The membershlp functlvon’s haye been deﬁned in a piecewise linear manner instead
~of any: rnathematical 4equations'. Tlle oblec'tiye 'b:eing to provide maxirnwn flexibility, on tlle
user level to‘ access, and modify the ‘contr‘oller“parameters,' a compresnensive menu-driven

" user interface has been built. It gives the user'a facility to change the controller settings, to

51



load them’ from -and save them to the_ clisc; An error-\d‘etectin'g» rnechanism 'has.been
incorporated that pvrovi'd'es' \s-afetybv againct erroneous. paremeters which voilete : the
constr'aint's_ of the software.' |

The controller has been tuned , by adjusting the controller denormalisetion
o factor.The'recorrl' obtained as the controllerel’ter the tuning validates thecontr-oller inthis

application.

o 64 SCOPES OF FUTURE WORK

‘ The generallsed' de31gn of the controller opens a number of possrbrlmesof '

‘ irnprove_ments in the controller desrgned_ in this dlssertatatlon. They are briefly drscuss‘ed‘

- b"elow. |

6.4.1 ',,G"eneral fine tuning'v.
The tuning that was- attempted durmg the drssertatron work was that of the |

denormallsatlon factor However thereare a number of other pOSSlbllltleS by whrch the

controller tumng can be done

- a) by changmg the number of membershrp ﬁmctmns (M F S ) in each vanable
" b) - by changmg the shapes of the MFs, ) R

c) ' by;changmg the rule-base. N

All this can be done by changing the source code or conyenlentnly and safely -

through the menu of the sottware. -
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6.4.2 Incorporation of integral cOmp'onent

This software only uées error (e) and change in error (Ae) as thé_ input vériables.
- To improve the controller performan;e, summation of error (Ee) méy also be usg:d n
- ‘addition. Unfonungtely, thqt will sié_niﬁcaﬁtly .inc‘rease the computatiog time, which may

become a major consideration in deciding whether to include this component or not.

'6.4.3 Increasing tfl,e number of fe‘ed‘hack v‘ariz'lb'les'
Siﬁce, no éxpliéit modellingl of the vibration table has been attempted, the
- relationship between the output (vibration) and various parameters (e.g. \)oltage, current
. of VA oyiti)ut kofA the power amplifier) may brovg to be .of importance. He_ncé arranggmenf
| ‘rriay be'madé 't'o feedBéck some of these quantitiés to the PC and make use of them as

feedback variables. Again the compuitation time of the. controller may pose a limit to the

number of feedback’vqrizibles that can be used.

" 6.4.4 Learning or adaptive controller
"Incorportion of learning tools like artificial-neural network mair prove to be very
- useful in converting this controller into a learning syste‘m.;_ The internal structure of the

controller ‘provides sufficient flexibility to allow this improvement-.
- 6.4.5 Graphic User Interface

Even through the controller software is fully menu driﬁven, the user interface is all

in téxt mode. A graphic user interface can make it more user-friendly.
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APPENDIX

" Dynalog's PCL 208 data-‘ acquisition card ~has been 4used for interfacing purposes.
These‘ contain‘ the l‘olloWing two : | '
a) | ‘Reading in the feedback data from the peak det:ectlor'\ through; ADC
b) ‘ Outputmg smusordal output of approprlate amplltude to the v1bratron excrter' -
: _ through the DACs | |
_'The metho,d and 'alg.ori.t‘hnrs‘ used vfo‘r hoth the A:ac—tions Ihave‘beeh desérlbed. in |
' chapter three, four‘ahd llve-. glven here are fcertain rele\-/antl‘_rdata related tothe‘{‘addre’sses‘ . :
_and Jumper posmons of PCL 208, which are of i mterest in our apphcatlon Also g1ven 1s

the block d1agram of PCL 208 card in ﬁg Al [1 1].

1. ADDRESS SPECIFICATION
‘When PCL 208 card 18 added on to the PC buses it ocupres 16 consecutrve /O

; port addresses viz., BASE + 0 to BASE + 15 The value of BASE depends on the DIP
switch DIP SW2 on board We have set SW2 to have BASE 300 H

The srgmﬁcance of the addresses occupred by PCL 208 are as follows
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PCL-208 BLOCK DIAGRAM
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Fig. Al : Block Diagram of PCL.208 Data Acquisitioﬁ-Card
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SW3 : For 16 channels analog input mode.

- SW1 : For 1IMHz timer clock selection.

JP1: To set DAC 0 reference voltage to -5V DC onboard supply

JP2 : To set DAC 1 reference voltage to external supply.’ |
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Location Read Write
BASE 1o - A/D Low byte and channel .Soﬂware AD trigger
. : nﬁmber _ | o
BASE + 1 A/D high byte N/A
| BASE +2 - MUX ’Scari channel MUX scan channel
BASE +3 D/ low byte (DIO - D17) D/IOOlowbyte . i
'BASE +4 NA DAOhighbyte
BASE+5 N/A - " D/A O low byte
BASE+6 N/A D/A 1 high byte
BASE + 7 N/A D/A 1 high byte,
BASE+7 N/A 'D/A-0 high byte
BASE + 8 | PCL 208 Status Clear interrupt request
BASE +9 PCL 208 Control PCL 208 control
BASE+10" NA Counter enable
BASE + 11 D/1 high byte.(D18-D115) - D/AO high byte
BASE + 12 Counter0 Counter 0
BASE + 13 ‘Counter 1 Counter 1 |
BASE + 14 Counter 2 Counter 2
 BASE+15 N/A | Counter control
_ 2. JUMPER SETTING
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