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ABSTRACT
Fuzzy logic is an outcome of merging the techniques of traditional rule based expert system, set theory and control theory, which is essentially based on mathematical models of the controlled process. 

The concept of this paper is to control the illumination of a light source by using the fuzzy logic.

Here the error and error rate are input parameters and the voltage is the output.  Theses are all normalized in the form of intersecting triangular membership functions with seven linguals each.  The rules are formed by the knowledge.

At a time four rules are fired, and the maximum of their output is taken.  The value is defuzzified by the method named center of the area or center of gravity.

The defuzzified voltage is denormalised and made as a pulse to be given to a power control circuit using phase control method.

The pulse produced proportionally to give the power to the circuit, the illumination is again sensed and given to the controlling unit

1. INTRODUCTION

1.1.
An Overview of the Paper : -


In some  situations in industries and also for some research processes, constant illumination is to be maintained.  For example , to study the photosynthetic  process constant illumination is to be maintained throughout twenty four hours.  But the sun, the natural source for photosynthetic process, does not give light for twenty four hours.  so we have to use an artificial supplementary light source.


Depending upon the changes in the illumination intensity of the sun light, due to reasons beyond control, the artificial light source acts as an automatically adjusted supplementary light source acts with the natural sun light, the resultant light intensity is maintained constant.


While there are so many techniques available, to have an automatic controller, the system adopts the fuzzy logic technique, the emerging technique being adopted for industry appliances, to control the artificial light source.


The fuzzy logic technique compares the actual light intensity with the required set point and supplies the control signal to the lamp control device.

2.   ANALYSIS PHASE

The purpose of the system to be built is to maintain a constant illumination.  The user sets the desired illumination intensity.   The natural light source - the light is beyond our control.  Hence an artificial supplementary light source is used.  After measuring the light intensity of the room / half  / stadium the brightness of the artificial light source is to be  controlled automatically.

2.1.
System  Modeling


It is a computer based system.  As any other computer based system, it can also be modelled as an information transform using an input - processing - output              template.  To this template one additional feature - user interface processing cvan also be added.  Out 
 of these four processings the core of the system is process and control functions.

2.2.
Processing and Control Functions


The system reads the data as a measure of light intensity from the external world and compares it with the user set point and takes decision to generate an output value.


The decision is made using fuzzy logic and this section of the system is called fuzzy controller.

2.2.1.
Fuzzy Logic

In traditional view, uncertainty was taken as something undesirable one.  In modern view, it is considered essential to science.  It cannot be avoided.  For  example , in natural language instead of describing the weather of the day in terms of exact percentage of cloud cover, we can just say that, it is sunny.  We can’t  say that 80 % or 100% cloud cover is sunny.  If we take 100 % to 25 % is considered as a sunny then 26 % of cloud cover is not sunny.  It is quite unacceptable since 1 % of cloud cover hardly seems like a distinguished characteristic between sunny and not sunny.  This infact precisely the basic concept of fuzzy set.


Fuzzy logic frees us from binary constraints by embracing and exploiting the notion that things are not just true (1) and untrue (0).  It admits a continuous range of truth from 0 to 1, and acknowledges that things can be true and untrue to varying degrees at the same time.


Fuzzy logic diverges from by valued logic in two important aspects.  The first and most obvious divergence is the continum of truth values permitted.  The second aspect of fuzzy logic that diverges completely from classical logic is that  truth itself  can exists as a fuzzy quantity.


Fuzzy logic enables computers to think more like we do by endowing them with approximate reasoning capabilities.  fuzzy logic provides algorithmic and philosophical frame work necessary to exploit the tolerance for impressions and arrive at          answers to complex problems.

2.3.
Requirements of input processing   


As the parameter to be controlled is a physical parameter, ie. the light , it should be converted  into electrical form using a suitable transducer.  We need a light sensor.  Output of the light sensor should be modified in such a way to be read by the computer.

2.4.
Requirements of output processing


The output of the computer should be made to control the light intensity of the supplementary light source. Hence the output of the computer should be given to a power control circuit to which the lamp is connected.

2.5
requirements of user - interfacing processing


The user will set the desired value of illumination intensity. The current value of the intensity as measured by the processing should be displayed. Also, if the current illumination becomes equal to the set point, that should be indicated to the user.


For this GUI (Graphical User Interface) or CUI (Character user  Interface) can be used. For simplicity selected.


For this GUI (Graphical User Interface) or (Character User Interface) can be used for simplicity CUI is selected.

3.DESIGN PHASE

Design of fuzzy controller


The design of fuzzy controller involves the following steps.



Classifying and scaling of inputs

· normalization of inputs. 



rule formation ie. fuzzification.


finding  the position of existancy , ie. rule firing.



fetching  the  normalised output ie. defuzzification.


getting the absolute output value ie. denormalisation.


In the fuzzyfying process, the inputs considered are the error and the rate of error.


error  

=
set point - actual.


error rate
=
pre error - current error


The error in percentage is,


erp

=
error / setpoint * 100


The error rate in percentage is,


errp

=
error rate  / prev. error * 100

[image: image1.png]NB

NM

NS

ZE

Ps

PM |

PB

NB NM NS ZE PS PM PB
DK DK DK DK ST Sp MI
DK DK DK ST Sp M1 MD
DK DK ST SP MI MD HI
DK ST SP MI MD HI VH
ST SP M1 MD HI VH VH
SP MI MD HI VH VH VH
MI MD HI VH VH VH VH




[image: image2.png]


[image: image3.png]315 Deffuzzification :

InFuzzy logic there aresomany methods are available fordefuzzification. Some of the familier
Modsare,

§  Centreof gravity deuazfication

@  Centreofsums defuzificaton.

@) Centreoffargestarea defuzzificaton.

@ Firstofmaima defuzzification.

) Middieofmaxima defuzificaton.

() Heightdefuzzificaon.

The centeof gravitydefuzzificaion methodis prefered forhaving good continuity,disambigeity

sty
[ —
n

e Y, flukluk
K=1

3
K=1

waeUF o

f(uk) > Degrecofbelicfinthe finalarmy.
UK > comespondingnomalised vlue.





erp



FC Fuzzy output

[image: image4.png]T

i |

INPUT CIRCUIT





    errp
The significance of erp is  in the focussing of output.


The Significance of errp is  in the rate of convergence towards the output. 

Lingual Definitions

Input



Output 

NB

-Negative Big

DK
-Dark

NM

-Negative Medium

ST
-Streak


NS

-Negative Small

SP
-Spark

ZE

-Zero



M
-Minimum Brightness

PS

-Positive Small

MD
-medium Brightness

PM

-Positive Medium

H
-High Brightness

PB

-Positive Big

VH
-Very High Brightness

3.1.1 Classification, Scaling & Normalization:


The knowledge about the task is being shaped here.


Normalization is the process in which the inputs and the corresponding possible outputs (guessed by the previous experience and knowledge) are normalized suitable for the further proceedings by our own choices.


To carry out this job, the parameters are brought into the form of membership functions. The shape of the membership function is also own choice. It may be triangular, round or cylindrical shape.


There is no necessity that shapes should be similar.


The triangular shape is preferred for the system for significantly less overshoot, faster rise time and less undershoot.


The arrange of erp, errp and the output are scaled. When the actual value exceeds the setpoint, the erp will be negative. Hence, the ranges of erp is between - 100 to 100 with seven segments as shown in the figure. The target of the process is to make erp zero.


Regarding errp the initial error rate is zero . In the next iteration the error obtained previously is the maximum error rate. And in the successive steps error rate is calculated as the difference between previous error and the current error. The value is normalized as the percentage of previous error.


When the rate of change goes high, the error rate may also be negative. So the polarity of the error rate depends on the previous error only and independent of setpoint. It also ranges from –100 to 100 with the same seven segments and linguals as shown in the figure.


The output is also normalized in terms of percentage as shown in the figure.

3.1.2. Fuzzification (Rule formation & Rule firing using Rule Matrix)

Rule Formation


After the input and output parameters are lingualised, if the input is this, then the output is what? – This is the formation of rules. For the rule formation knowledge and experience are used. For the system to be built the rule formation uses the rule matrix which is explained below.

Rule firing


Rule firing is the process of pointing out the existence. The rule firing contents the following steps.

1. From the membership functions of  the  input 1, the  lingual  under  whose range, the  actual  values  is present is  found.  Also,  it’s  decimal  height  DOB – Degree of    Belief is got.

(ii) From the membership functions of input 2, the corresponding lingual  is also found along with the DOB.

(iii) For these two inputs, what is the output lingual? It is fetched from the rule  matrix. For the system under control  the rule firing process can be explained as follows.
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 The  required light intensity is given as input (set point). From the external environment using a light sensor, the  actual value of intensity is read. The error is got in terms of percentage. From the membership functions of error, the lingual corresponding to that percentage value is taken.

As the membership functions is in the form of intersecting triangles, the percentage may lie within the  range two triangles. But  their DOB will  vary. So the  two adjacent linguals which  include the error percentage value is taken along with their corresponding  heights (degree of beliefs) . They are L1 and L2  and  heights  h1 and h2.


Similarly the error rate  is  calculated  as the percentage  of previous  error. It  is also parallel  to the above case i.e.  The value  may  be  contained  by  two  adjacent  linguals  with  different degree  of  beliefs  which  are  L3 and L4 with  heights  h3 and h4 


Now  there are  four  linguals  with  different  degree  of  beliefs. So  by probability  there  is a  possibility of making  four  rules  as,

If  (l1 = x1 AND l3 = y1) then U = Z1
If  (l1 = x1 AND l4 = y2) then U = Z2

If  (l2 = x2 AND l3 = y1) then U = Z3
If  (l2 = x2 AND l4 = y2) then U = Z4

Where X1 & x2 are  the  obtained  linguals  of  erp.

Y1 and y2 are  the  obtained  linguals  of  errp.

Z1, Z2, Z3 & Z4  are  the  linguals  obtained  from  the  table  of  rule  matrix.

There  are  three methods  of compositions

(i) Minimum  composition

(ii) Product  of  maximum  composition

(iii) Maximum  of  minimum  composition

Out  of  those , we  can  prefer  maximum  of  minimum  composition.

3.1.3 Maximum  of  Minimum  composition
This  method can be  stated  as,

Max (min (erp, errp))

As stated  above,  for  every  erp there  are two Membership values  in two adjacent  triangles . Each value of erp is compared with each  value  of  errp  and their   minimum   is  noted . Hence for one iteration there   will  be   four   minimum   values  . Out of these   four  minimum values  , the  maximum  one  is  selected.

The  concept  behind  the  max( min) criteria  is  first to reduce  the   possibility  if  maximum  overshoots,  the  output  of each  rule   is  minimized. Next the  rule which  has  the  maximum  efficiency  is  prepared.  And  so  maximum  of the  minimum.


This is  to similar  to a concept   that, a school  also  a college  student  can perform  a  job. But  the  efficiency  of the school  student  is  less,    but  the  can do  the  job in  smooth  way.  The college  students will  perform  it  vigorously  as  his   efficiency  is  high.

`So,  for smoothness , we  should  select the school boy. But among  the school  boys, we  should select the “best”  student.  Thus we are  getting   the  maximum  efficiency of the  minimum  efficiencies. 
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That  value   represents  the  membership  value  of he  output. But  the  output  segment  is  selected  from  the  rule  matrix.

3.1.4 [image: image7.png]


Rule Matrix :

[image: image8.png]315 Deffuzzification :

InFuzzy logic there aresomany methods are available fordefuzzification. Some of the familier
Modsare,

§  Centreof gravity deuazfication

@  Centreofsums defuzificaton.

@) Centreoffargestarea defuzzificaton.

@ Firstofmaima defuzzification.

) Middieofmaxima defuzificaton.

() Heightdefuzzificaon.

The centeof gravitydefuzzificaion methodis prefered forhaving good continuity,disambigeity

sty
[ —
n

e Y, flukluk
K=1

3
K=1

waeUF o

f(uk) > Degrecofbelicfinthe finalarmy.
UK > comespondingnomalised vlue.




3.1.6. Denormalisation :

It  is  process  which  maps the  pointless  value  of the  control  output   into  is  physical   domin. That  is  ,  thje  defuzzified  output  percentage  should  result  in the  real  value. This is done by  denormalisation. The  denormalised  output  should  be given  to the  power  control  circuit.

Detailed  Circuit  Description:


The  Hardware part  of  circuit  consists  of  Electronic circuit  arrangement  for  logging in the  data  into  the computer  and   for implementing  the decision of the  computer.

In  the input  side  the  data  to  be  logged  into  the computer  is the equivalent of the  actual  illumination. This section consists of a  suitable transducer  and an instrumentation amplifier  and an ADC (Analog to digital  converter)


The  function  of the  transducer  is to  convert  the  non electrical  parameter viz.  The  actual   illumination in to a  corresponding electrical quantity. The  purpose of  instrumentation   amplifier  is to  make the  output  of the  transducer something compatible  with  the  SDC  . The ADC  converts  the  analog  quantity   in to an  eight  bit  digital  data.


AQ transducer is a device that converts  any  non  electrical  signal  into an electrical  signal. In this  project  an LDR is sued  to  convert  intensity of  light to a  suitable  electrical signal .Since LDR  is a  passive  Transducer  it  is  used  incorporate  with an electrical circuit  and  the function  of that circuits  is to  provide  an  output  voltage  corresponding to the  intensity   if light  with  reference  to the  circuit diagram.


The sensing  section consists of a  series  circuit  comprising an LDR and a  variable  resistance . The  variable resistance  is so  adjusted  that  the intensity  of  light  is dark  the  output voltage is almost zero . With  full  illumination  the  resistance  of the LDR  is  comparatively very  low and  the  output  voltage rises  as  high  the supply voltage.


 In  this way  it  is  clear  that  the  output  voltage  e0 is a function  of the  actual  illumination. The  selection  of the  variable  resistor  depends   upon the  resistance range of the  LDR .

The  output of the circuit  which  is the the function of the  actual   illumination  lies  between  0 and  2.5  volt  in accordance  with  the  adjustment  of the  preset.


The  output of the  sensing   section  is connected  to the  ADC. The  of  instrumentation  amplifier  between  the sensing  section  and the ADC is ruled  out   because  the ADC is a  device having   high   input  impedance  and also  it will not act as   significant load   for the  sensing  section.


The function  of the  ADC  is  to convert   the  analog  signal  into a corresponding  8 bit  digital  data. The device used  in this  section is 0808. The  ADC is a  multi channel  Analog  to digital converter and  conversion. Technique  used  is successive  approximation  . The SDC can be handle  8 analog  signal  to  select  any  of the  analog   signal. There  are address  lines  and an ALE line (Address Latch Enable) running  between   the  computer  and  the  ASDC. There are  three  address  lines. If all  the  addresses lines are  zero the first channel  is selected.


The address  pins  of the ADC are  23, 24,&25 . When  these pins are  grounded  the  address string will be 000. Here  the first  channel  is  selected  . When  there is  only  one  channel  to be  monitored  it   is  not   necessary   to connect  the  address  lines to the  computer. However  the selected  channel is  accounted  to the  conversion  section  only  when  the ALE  signal is  applied.


The  normal  procedure  for  selecting a  channel  is to first  apply  a the  address  and  given  the ALE signal. Once  the  ALE is applied   the  next  step  is to  give  the “SC: (start  conversion) signal . On  getting the :SC”  signal  the ADC stars converting the analog  data  into a  corresponding  digital  data , for this conversion  it will  take  minimum  of  millisecond. Once  an analog signal  is  converted  into digital  data  the ADC gives  the  “EOC” signal. (End of conversion)

The special  features of the ADC  0808 are


It can handle  eight different analog  signals


Any analog  Signal can  be  selected  random  using  the  address lines.

The actual  execution  of  conversion  is controlled  by the  “SC” signal


The conversion  time  is  1 ms


The step  voltage  is  20 mv


The  eight  bit  digital data  at  the  output  of ADC  is  logged  into   the  computer   through the  parallel port  using  the  “D shell” computer.

Output  Section


The function of the output section  is to  electrically  implement  the decision of the  computer  . The  actual  control of illumination is to  be carried  using suitable phase  controller. Since  the  decision is from  the computer it is  necessary to  have  a  phase  controller which computer  compatibility .


With  respect  to the  circuit  diagram  the  personal computer is  driven. The  phase  controller  consist so f DAC (Digital to analog  converter) , ramp  generator, comparator  and an  opto  coupler. The actual power  control  device  is  Triac.


The  computer  performs  the  fuzzy  logic  operation and  arrives at a decision and  sends out its  decision  in the  form  of an  8 bit  digital  data. The  digital  to analog   converter  converts  the  digital data  into the  corresponding  analog signal. The amplitude of this analog  quantity  is  related  to  the digital Output of the computer.
The output of DAC is compared with a linear ramp is derived from a ramp generator built around IC 741. Hence synchronization is essential in phase control system. The ramp which drives the loner.


Synchronization is implemented using the Zero Crossing detector. The Zero crossing detector consists of a Transformer, a set of diode and transistors.


The output of the DAC and that of ramp generator are compared in a comparator. The output of the comparator is a sequence pulse with its width directly proportional to the firing angle and this drives the opto coupler and the Opto coupler in turn drives the triac.


Since the ramp generator works in synchronization with the line voltage, it produces Positive going ramp for every half cycle of the alternating current. Therefore phase control can be implemented for both [image: image9.png]T
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positive and negative half cycle.

Design of the input circuit


The light intensity of the environment is read by the computer through the input circuit. The light sensor which can be used is LDR (Light Dependent Resistor). The Light variations are sensed by the LDR. The LDR has very high value of resistance in the order of mega ohm. In the dark condition. As light falls on LDR its resistance decreases.


The output of LDR cannot be given directly to the computer. The output of LDR is processed by and instrumentation amplifier, and then it should be given to an analog to digital converter.


The analog to digital converter converts the incoming analog voltage into digital form to be read by the computer. Eventhough there are various 

techniques are available for analog to digital conversion, successive the conversion using SA method can be selected.
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3.4 Design of output circuit


The output of the PC is in the digital form. It should be converted into an analog form using a digital to analog converter. The analog output should be given to a power control circuit. Even though there are many methods for power control, the power control using phase shift method is the most suitable one. If offers a smooth online control eliminating switching ON and OFF.


As both half cycles of the a.c. should be controlled a bi-directional thyrister, preferably triac is selected. The analog voltage of digital to analog converter cannot be directly used to trigger the thyrister. The triggering should be synchronized with the positive and negative variations of the a.c. supply to which the lamp is connected. For this reason, the analog output is given to a triggering circuit. The output of the triggering circuit triggers the thyrister.


The triggering circuit consist of a zero crossing detector, ramp generator, a comparator and an optocoupler.

4. CONCLUSION AND FURTHER POSSIBILITIES


The paper “Fuzzy Logic control systems’ controls the illumination in an environment where unpredictable changes in the illuminations is expected. The desired set point of illumination chosen by the user is achieved in a few iterations and maintained through a perpetual control. On closing the setpoint within a tolerance value, the system prompts ‘ACHIEVED’ – as a message to the user.


As the ADC 0808 used at the input circuits has eight input channels, seven more physical parameters can be logged in as separate channels and each one can be controlled by the fuzzy controller. The possible parameters are displacement, temperature, humidity etc.
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