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CHAPTER-1 INTRODUCTION

CHAPTER-1

INTRODUCTION

1.1 Overview of control system

Control system has got vital industrial applications in recent times. There are numerous
applications of automation controls in nature and industry e.g. inside our body food digestive
system, blood circulatory system, air plain autopilot, modem transportation, communication and
in manufacturing industry. Automation provides better performance, reduces the manufacturing
cost and provides mass production

Control system helps to identify and manage the parameters of the system/plant and provide
desired system response. Generally a control system contains a controller to control the system, a
plant or system which has to be controlled and an actuator to interface between the controller and

plant.

1.1.1 BRANCHES OF CONTROL SYSTEM
Control system contains the following main branches: classical control, modern controls, optimal

control, nonlinear controls, robust controls, adaptive controls and fuzzy controls.
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(@) In Classical controls we study the performance of linear systems and their frequency
analysis.
(b) Modern control studies the state space design and modeling of the system.
(¢) Nonlinear control design techniques are used where nonlinear behavior
of system has a dominant effect on performance of the system.
(d) Robust control techniques are applied for known bounded uncertainties of
the system.
(e) Adaptive control techniques are applied to auto-tune the controller
parameters when the system parameters are varying with time.
(f)  Fuzzy control technique is based on human knowledge which is effectively
used in the industrial automation.
1.1.2 CONTROL SYSTEM CONFIGURATION
Mainly control system classified in two configurations:
1) Open loop system.
2) Closed loop system [1].
(a) An open loop system is one which don’t take any feedback it uses an actuator
to directly control the plant .
(b) system which takes feedback and gives the difference between this feedback signal with
input signal and than minimized that difference are called closed loop systems.
1.1.3 PROCESS / SYSTEM MODEL
A continuously acting control system to which the system act in response to the control action is

called dynamical behaviour and a controller with these characteristics is known as dynamical

control system.
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Dynamical systems (D.S.) are mathematically designed. Which are based on physical laws.
These (DS) are usually differential equations. In this research work design, modeling, simulation
and industrial application of dynamical control system are discussed.
1.2 PROBLEM STATEMENT

Previously large number of classical controllers were designed for dynamical
systems, using different techniques, some of these are: PID controller, adaptive controller, robust
controller, optimal controller, which disuses their: observibility, controllability, stability and
robustness and analyze them. These existing control models are rich with calculations and very
difficult to deal with a complex system. It is desired to model dynamical control system with
new approach for their industrial applications, such that they may reduce the complexity of the
existing models and based on human knowledge.
To over come these problems “Fuzzy logic time control discrete event model” are designed.
Using this approach soap manufacturing plant, ice-cream manufacturing plant, syrup
manufacturing plant and autonomous air conditioning system are designed and verified using
MATLAB simulation toolbox.
Numerous systems are designed using “fuzzy logic controls” (FLC) these systems are much
better than conventional control system due to their simplicity in calculations and better
performance. Fuzzy logic controls systems are based on heuristic knowledge, these systems takes
numeric input and gives numeric output but the controller work on words. FLC are superior in
their design and pérformance but did not take time into account. Time independency is their
draw back.
It is desired to design a system which discusses the time control issues of the digital control

system for which the output states make active the system, ON /OFF for limited interval of time.
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The new designed autonomous air conditioning system, syrup manufacturing plant, soap
manufacturing plant, and ice-cream manufacturing plant fulfill the local and distributive
requirements. These systems are molded using new technique which is modified form of FLC.
Fuzzy time control discrete event system is basically the grouping of two different systems. One
is discrete system and other is fuzzy time system. which discusses the nonprobiblistic uncertainty
issues [2]. This system contains a Fuzzifier, inference engine; rule of them, Defuzzifier, and
discrete event system [3].

The work for autonomous air conditioning system designed using the technique of fuzzy time
control discrete event system modifies and improves the existing air conditioning system model,
designed model have the capability to auto adjust the air conditioning system according to the
rule design for system and remove the function of remote control system due to its auto tuning
which works by sensing the humidity and temperature of the environment. New designed model
have the capability to replace the existing model. Due to its time dependency, designed system
control the fan speed and fan spinning time by sensing the envoimental  humidity and
temperature and provides the conservation of energy due to its time dependency.

Same technique is used to design syrup manufacturing plant, ice-cream manufacturing plant,
and soap manufacturing plant. In all of these three design models we provides the numeric value
of input to them and in the response of these inputs we have to control the numbers of valves
which controls the ingredients for the manufacturing of the desired item. These systems are
much better in performance and have the flexibility to set the parameters of the systems
according to the requirements of the manufacturing item and operate the plant for fixed interval

of time.
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1.3 FUZZY SYSTEM ENGINEERING.
Traditionally classical controllers work on two value logic judgment i.e. true-false or 0-1. There
is no information between these two logic levels.

Fuzzy means between 0-1 (or) true —false. On opposed of conventional control approaches the
fuzzy logic control system is independent of the long and complex mathematical modeling of the
system. It works on the human reasoning and gives a proper methodology for implementation of
heuristic knowledge to control a system [4]. Fuzzy logic controllers are design in such a way
that they give the continuous value between 0 and 1.

Fuzzy control system has wide range of applications in engineering as well as in other field like
medicine, physics, business etc [5].

1.3.1 FUZZY SET THEORY

Classical control system uses Boolean algebra which has two logic levels 0-1; fuzzy logic
provides a way to work with continuous values between 0-1. In fuzzy control system, fuzzy sets
are used which are basically the superset of Boolean algebra [4]. Elements of the fuzzy set have
degree of membership functions. Fuzzy set explain the concept of physical systems which have
no fixed discrete values such as old or very old, young or not very young. Fuzzy set A in
universal set U contains elements which have their membership functions, the more the degree of
membership function of an element the stronger the belongingness of that element to fuzzy set A

[7-9].
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1.4 FUZZY LOGIC TIME CONTROL DISCRETE EVENT SYSTEM

Fuzzy time control discrete event system is modified form of fuzzy (FLC); it is basically the
combination of two different systems, fuzzy time control system and discrete event system. The
proposed system work on heuristic knowledge deals with non probabilistic uncertainties [2], in
which system takes the numeric inputs and gives numeric output but the controller work on
words [10]. Numerous systems are designed using fuzzy logic control these systems are superior
in their design and performance but are time independent. Time independency is their draw back.
To overcome the time issues new technique is used to design the four systems. Which are time
dependent and work for the fixed interval of time.
1.4.1 FUZZY LOGIC TIME CONTROL SYSTEM
Fuzzy logic time control system is sub divided into two parts; one is Generator (G), (which
produce the numeric outputs) second is time control (TC), (TC produce the numeric value of
time for output) [11]. Fuzzy time control system contains: Fuzzifiers, inference engine; rule of
thumb with contains: data base, rule base and output membership functions [3], knowledge base
is attached with the inference engine, defuzzifiers as exposed in the figure-1 numeric inputs are
given to the Fuzzifier which converts these numeric inputs to linguistic variables, these linguistic
variables are given to inference block where the max-min composition is applied to get four
values of R. Knowledge base receives the crisp values and give singleton values according to the
rules which are designed for model. These singleton values and values of R are provided to the
defuzzifiers which converts the linguistic values to the numeric values here two defuzzifiers are
used for a single input [3]. After defuzzification two numeric (crisp) values of outputs are

obtained; one for output variable, other for output time. Analog to digital converter (ADC) used
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to alter the numeric value of output variable into binary code. Crisp value of output time is
provided to the pulse strobe units, which allow the binary code to pass for a fix interval of time.
1.4.2 FUZZY DISCRETE EVENT SYSTEM

Discrete event system is further subdivided in to three parts; event control, process control and
system control [12]. Event control takes input from fuzzy logic time control to generate and
manage event. Process control takes inputs from system control and event control to assign a
process for that event for a specific interval of time. System control controls the whole system
for a specific interval of time. After defuzzification Binary control signals and time control
signals from fuzzy logic time control system are given to discrete event system exposed in
figure-1.1, which allow to pass these binary control signals to operate the plant ON or OFF for
specific time period.

: ILINGUISTIC: 'DEFUZZIFIERS . X
..... . VARIABLE 1. . : .

.......

-----

................................................

. TIMECGNTROL

. . . - .

Figure-1.1 Fuzzy time control discrete event system
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1.5 APPLICATIONS OF FUZZY LOGIC TIME CONTROL DISCRETE EVENT
SYSTEM
Using fuzzy time control discrete event system four models; autonomous air conditioning
system, syrup manufacturing plant, ice-cream manufacturing plant, and soap manufacturing plant
are design as industrial applications.
1.5.1 AUTONOMOUS AIR CONDITIONING SYSTEM.

The autonomies air conditioning system is design for two inputs; temperature and humidity

and two outputs; one is fan speed and the other is fan spinning time exposed in the figure-1.2

Figure-1.2 Fuzzy logic discrete event model

Numeric values of inputs; temperature and humidity are given to the Fuzzifier which converts

numeric input to the linguistic variables these linguistic variables are then given to inference

block where the max-min composition is applied to get four values of R. Knowledge base

8
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receives the crisp values and give four singleton values according to the rules which are designed
for model. Knowledge base contains; date base, rule base, and output membership function {13].
These singleton values and values of R are provided to the defuzzifiers here two defuzzifiers are
used, one for output fanspeed and fan spinning time. After defuzzification two numeric (crisp)
values of outputs are obtained one for output variable; fan speed and other for fan spinning time.
Analog to digital converter(ADC) is used to convert the crisp value of fan speed into binary code
and crisp value of fan spinning time are provided to the pulse strobe unit , which allow to pass
binary code for a certain time. Then these binary codes are used to make active discrete event
system [14].
1.5.2 SYRUP MANUFACTURING PLANT USING FUZZY TIME CONTROL
DISCRETE EVENT SYSTEM.
Pharmaceutical industries of world are manufacturing their most of the goods in syrup form. The
proposed study relates with the designing of medicated syrup manufacturing using the fuzzy time
control discrete event system. Syrup is the aqueous pharmaceutical preparation having the
concentrated sugar solution with active and non-active ingredients. These preparations are
manufactured by pharmaceutical industries following the standards of British and European
pharmacopoeias in the whole world. The syrup solutions are characterized by parameters
temperature, specific gravity, pH, and viscous consistency [15-18].
The system is designed with three inputs viscosity, specific gravity and chemical selection and
eight outputs temperature, temperature time, mixing speed, mixing time, valve, valve opening
time, PH at current liquid temperature, PH time System is controlled by controlling the four

parameters valve selection, temperature monitoring unit, mixing motor, and PH control unit
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exposed in figure-1.3. System takes feed back from four sensors time control rules are
formulated and simulated by using MATLAB tool box.

Three inputs; viscosity, specific gravity, and chemical selection are used for the designed syrup
manufacturing system. Three numeric input values are given to three Fuzzifiers. After receiving
numeric values of inputs these Fuzzifiers convert them into linguistic variables. These linguistic
variables are then given to inference engine where the max-min composition is applied and gives
eight values of R;s. anwledge base provides eight singleton values according to the fuzzy rules
designed for the proposed syrup manufacturing system after getting the crisp values.
Defuzzifiers get eight values from inference engine and eight from knowledge base at its input
and give the eight crisp values at its output. Here eight defuzzifiers are used for; temperature,
mixing speed, PH, valve selection, temperature time, mixing time valve opening time, and PH
time [7]. The values of four output variables are converted into binary codes using analog to
digital converter (ADC) and decoder and crisp values of output time; temperature time, mixing
time valve opening time, and PH time are provided to the pulse strobe units which provides the
time pulses. These time pulses allow the binary codes to pass for a particular time. Then these

binary codes are used to make active discrete event system under time constrain [8].

10
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Figure-1.3 Syrup manufacturing fuzzy time control discrete event system.

1.5.3 ICE-CREAM MANUFACTURING USING FUZZY TIME CONTROL DISCRETE
EVENT SYSTEM.

Ice cream is an important and very popular dairy product which is found in many flavors. With
the development of the modern refrigeration system ice cream is manufactured is increased on
large scale in industry [19-20]. The proposed Ice-cream manufacturing plant is designed to
facilitate the ice creamn manufacturing industry and provide a better and simple automated plant
for manufacturing process which may reduce the complicity of the existing systems. Proposed
ice cream manufacturing plant is designed using two inputs; volume, and ingredient selection
and six outputs; heating/cooling temperature, temperature time, valve selection, valve opening
time, mixing speed and mixing time exposed in figure-1.4. If the input (u) is given to the system

11
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and (y) be the output feedback value here an additional adjustment value (a) is added or
subtracted to the system to minimize the error to get desired output value and quality control. So
Fuzzifiers get input value e

e=u-yta

In case that the selected valve is not opened an additional parameter b is added or subtracted to
the input; ingredient selection it cause to open other value, so the input value takes by the
Fuzzifier is

e=u-y+b
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Figure-1.4 Design modeling of ice-cream manufacturing system.
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1.5.4 SOAP MANUFACTURING USING FUZZY TIME CONTROL
DISCRETE EVENT SYSTEM

Soap is an important anionic, disinfecting detergent which is frequently used in homes for bating,
washing and many other ways in every day life due to their effective antibacterial property [21-
22]. The efficacy of antibacterial property can be increased in these liquid soaps by doping the
alcohol based hand sanitizers [23]. Soap comes in many different shapes and forms like liquid,
powder and solid bar. The agricultural wastes which are thrown away in normal practice in under
developed countries are used as raw material for the black soap. This agro-wastes ash based soap
found to have excellent spectrum of solubility, cleansing and lathering abilities [24]. Aluminum
soaps have the ability to form the high viscosity hydrocarbon gels [25]. The sodium laurate based
soaps exhibits the high surface tension property [26]. The soap solutions are characterized by
parameters temperature, specific gravity, pH, viscosity, volume and viscous consistency. The
proposed soap manufacturing model is designed using fuzzy time control discrete event system
in which four inputs; volume, viscosity, specific gravity and chemical selection and eight
outputs; heating/cooling temperature, temperature time, valve selection, valve opening time, PH,

PH time, mixing speed and mixing time are used exposed in figure-1.5.

13
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Figure-1.5 Design modeling of soap manufacturing system.
Four inputs; volume, viscosity, specific gravity, and chemical selection are used for the designed
soap manufacturing system. Four numeric input values are given to the four Fuzzifiers. After
receiving numeric values of inputs these Fuzzifiers convert them into linguistic variables. These
linguistic variables are then given to inference engine where the max-min composition is applied
and gives si);teen values of R,s. Knowledge base provides sixteen singleton values according to
the fuzzy rules designed for the proposed soap manufacturing system after getting the crisp
values. Defuzzifiers get sixteen values from inference engine and sixteen from knowledge base
at its input and give the eight crisp values at its output. Here eight defuzzifiers are used for
output; temperature, mixing speed, PH, valve selection, temperature time, mixing time valve
opening time, and PH time [7]. The values of output are converted into binary codes using

analog to digital converter (ADC) and decoder and crisp values of output time; temperature time,

14
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mixing time valve opening time, and PH time are provided to the pulse strobe units which
provides the time pulses. These time pulses allow the binary codes to pass for particular time.
Then these binary codes are used to make active discrete event system under time constrain [8].
1.6 SUMMARY
Control system is widely applied in the modern society and gives new and better automated
systems. Fuzzy time control discrete event model is used to design, model and simulate the new
systems for industrial applications.
In this research thesis following models are designed.
1) Designed, an autonomous air-conditioning system using fuzzy time control discrete event
system.
2) Designed, a syrup manufacturing system for industrial applications using fuzzy time
control discrete event system.
3) Designed, a new ice-cream manufacturing system for industrial applications using fuzzy
time control discrete event system.
4) Designed, soap manufacturing model for industrial applications using fuzzy time control

discrete event system.

1.7 DISSERTATION ORGANIZATION

This research work is completed in four chapters. Chapter-1 gives the introduction and overview
of the control system engineering, design modeling and simulation of the dynamical control
system, using new approach fuzzy time control discrete event system. This chapter also gives a

brief comparison between conventional control system and fuzzy logic control system. Chapter-2
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]

discuss the literature review and in chapter-3 we discuss the design modeling and experimental
arrangements of the, Autonomous air conditioning system, syrup manufacturing system, ice-
cream manufacturing system and soap manufacturing system. In Chapter-4 we discuss the

MATLAB simulation results of the designed models and future work.
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CHAPTER-2

LITERATURE REVIEW

Shakowat Zaman et al., [27] presented the air conditioning system using the fuzzy logic
control system; in their designed model they used two inputs and one out put in the input
membership functions’ plot they used five membership functions. Their designed system take
feedback from sensors and controls the fan speed by sensing the envoi mental humidity and
temperature.

Wang, L.-X. et al., [28]described the generating method that generates fuzzy rules from
numeric inputs the work is completed in five steps. At first the numeric input and output data is
divided into fuzzy regions, in second step fuzzy rules are formed from these fuzzy regions, in
third step assign the degree of membership functions to each rule, in fourth step combine rules
are formed from generated rules and from human experts, in the last step defuzzified values are
obtained from the mapping of these combined fuzzy rules.

Hoyer,R. et al., [29] gave the brief review for the traffic controllers which are designed
using fuzzy logic control. They improved and extend the idea for complex systems which is able
to control the traffic flow from twelve different directions. Their fuzzy controller is designed

with ten input variables and two output fuzzy variables and total seventy two fuzzy rules are
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designed for the proposed controller. System takes feedback from the sensors. The states of the
traffic signals light are changed according to the density of the flow of traffic.

Cheung, J.Y.M. et al., [30] designed a controller which controls the D.C. motor speed
using fuzzy logic control system along with model reference adaptive control techniques. Model
reference adaptive control plays the primary role to control the motor speed and fuzzy logic
controller is used to control the adaptation gain. The fuzzy controller takes three inputs and
converts these three numeric inputs to fuzzy linguistic variables which are then given to the
inference engine to control the adaptation gain.

| Popa,D. D. et al., [31] presented the qualitative and quantitative study of the fuzzy logic
control system and designed a controller to control D.C. motor speed to overcome the industrial
problems. The designed model is tested at different speed ranges; they also gave the comparison
between their designed fuzzy logic controller with PI controller by studying the controller
performance, controller robustness, controller accuracy and controller stability. For the proposed
controller total forty nine rules were designed, and triangular membership functions were used
for the input and output variables.

Ghabri,M.-K. et al.,, [32] presented the high speed discrete event system and used it to
design hybrid Petri nets model using fuzzy logic controller. The proposed model of fuzzy
controller used triangular membership functions for the input fuzzy variables and discrete fuzzy
output fuzzy logic levels were obtained.

Lo Bello,L. et al., [33] discussed the traffic smoothing issues and designed a model using
fuzzy optimization genetic algorithm. The designed fuzzy model for traffic smoothing contains

two inputs and in each input three membership functions are used, nine fuzzy rules are designed
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for the proposed system. Genetic algorithm is used to tune the membership functions of the input
fuzzy variables to get desired controller performance.

Khan, M. S., [2] presented the grinding and mixing system which was designed using the
fuzzy time control discrete event system. The proposed system contained four input variables
and eight output variables, out of these eight outputs four were fuzzy variables and four are for
output time. The designed system was fully time control and due to discrete event system
controller used to operate the plant for a specific period of time.

Homaifar et al., [34] presented the simultaneous design of membership functions using
genetic algorithm. And tested the designed method by designing a cart controller and truck
controller. Fuzzy if-then rules are used in the fuzzy controller and optimization problems were
overcame using fuzzy genetic algorithm.

Chang Jian et al., [35] presented a new hardware design to set up fuzzy logic controller
and encounter the problems in L.A. Zadah fuzzy logic method by adding some new characters to
fuzzy sets and fuzzy rules. They also designed a fuzzy temperature control system and improve
the speed and scale of the fuzzy control system.

Bin-Da Liu et al., [36] developed a tree-based approach for fuzzy logic control system
and applied this approach to color reproduction system. In the designed tree-based fuzzy logic
controller the input and output data can be used to take out rules in one phase, they reduced the
fuzzy inference process by reducing the n-dimensional matrix to one-dimensional matrix.

Solano S. S. et al., [37] presented the design of digital fuzzy controllers and their
hardware implementations. They described the structure and functions of the input fuzzy set,
inference mechanism and defuzzifiers. They also designed two integrated circuits of the

controllers using their ideas.
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Kim J. H. et al., [38] presented the multi type air conditioner using fuzzy logic control
techniques. In the designed algorithm the fuzzy controller is used to operate the linear expansion
valve. The proposed fuzzy controller was designed using seven membership functions for both
input and output fuzzy variables, forty nine fuzzy rules were designed for the controller and
center of gravity method was used for defuzzification.

Jyh Shing Roger Jang et al., [39] proposed adaptive-network-based fuzzy inference
system and gave their modeling and applications. They explained the fuzzy reasoning for rules
and gave a brief review of fuzzy models, explained their designing and performance.

Thomas Hollstein et al., [40] presented the computer aided design for fuzzy systems and
proved that the fuzzy systems implementation in hardware gives better performance as compare
to the software implementations on microcontrollers. They designed the hardware structure of
fuzzy controllers and gave two computer aided design for hardware combination of two fuzzy

controllers.
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CHAPTER-3

DESIGN MODELING AND

EXPERIMENTAL ARRANGEMENT.

3: INTRODUCTION.

In chapter-3 we present the design, modeling and experimental setup of autonomous air
conditioning system, syrup manufacturing plant, ice-cream manufacturing plant, and soap
manufacturing system. All these models are designed using fuzzy time control discrete event
system.

3.1 DESIGN OF AUTONOMOUS AIR CONDITIONING SYSTEM.

Nowadays, the trend is to make systems, which use less energy, and give maximum efficiency.
The proposed autonomous air conditioning system is designed to fulfill these conditions and
provides the conservation of energy due to its time dependency.

3.1.1. DESIGN ALGORITHM.

The autonomies air conditioning system is designed for two inputs; temperature, humidity
and two outputs; one is fan speed and the other is fan spinning time. We have to control the fan
speed by sensing the input parameters according to the environmental conditions under time
constrain. The membership functions and ranges of input variables are specified in the table-3.1,

and table-3.2.
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Table-3.1 Input membership function for temperature and their ranges

No | Membership function(MF) | Temperature(C)
1 | Cold 0—123

2 | Cool 0—25

3 | Normal 12.5--37.3

4 | Warm 2550

5 | Hot 37.5—50

Table-3.2 specified the input membership functions and ranges of humidity for the proposed
autonomous air conditioning system.

Table-3.2 Input membership function for humidity, their ranges

No | Membership function(MF) | Humidity
1 |DRY 0%—25%
2 |JUSTDRY 0%—30%
3 | MOIST 25%—75%
4 |JUSTWET 50%—100%
5 | WET 75%—100%

The plot of input membership function of temperature exposed in figure-3.1 there are five

membership functions i.e. F; [1], F; [2], F1 [3], F1 [4], F: [5] and four regions.
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Figure—3.1 Membership function plot for temperature
Plot of membership functions for humidity exposed in figure-3.2 there are five membership

functions i.e. F[1], F2[2], F2[3], F>[4], and F,[5] and four regions.

e g o 4w ‘s @ m 80 .m0 100

Figure—3.2 Membership function plot for humidity
The membership functions and ranges of two outputs are listed in the table-3.3. For the
convenience in calculation the range values of output membership functions for fan speed and

fan spinning time are taken same.
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Table-3.3 Output membership function ranges for fan speed and fan spinning time

Membership Functions | Range Fan speed | Fan spinning Time.
MF] 0-23 STOP NONE
MF2 0-50 SLOW SMALL
M3 2575 MEDIUM | MEDIUM
(MF4 50-100 FAST LONG
MFS 75-100 V-FAST VERYLONG |

Plot of output membership functions exposed in figure-3.3, each plot of output MF,s for fan

speed and fan spinning time contain five MF,s and four regions.

o 10 20 a0 0 5 88 W 80 g0 100
output variabie “fan peed” ’
Figure—3.3 M.F. plot for output variable of air conditioning system.

3.1.2 FUZZIFICATION.

First step in the designed model is the fuzzification in which numeric inputs are given to the

fuzzifier which converts these numeric inputs to the linguistic variables. The design model of
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autonomous air conditioning system contains two inputs: temperature and humidity. Membership
functions plot contain five regions for each input variable and these input: temperature and
humidity maps to MF, s which may lie in any of the five regions as exposed in input plot. Here f;

and f, are taken as the linguistic values of input temperature and f; and f; as linguistic values of

DESIGN MODELING AND EXPERIMENTAL ARRANGEMENT

input variable humidity.

The mapping combinations of input temperature and humidity to all the five regions are exposed

in table-3.4
Table-3.4 All possible outputs of fuzzifier for the design model.
Toput Fuzifler | Region-1 | Region-2 | Region-3 | Reglon-4 | Region-5
variable | Ontput
Tepenue [l [FI[FR [FB] |[FE |FE)
f Rl |RB]  (RM [RP] O [RIG)
Homidity | §; Bl (R (BB R |ED)
PR T I T

For the design model of air conditioning system we use two inputs so the fuzzifier gives four

outputs exposed in the figure-3.4
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NUMERIC ______ VARWBLES
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Figure-3.4 Design of fuzzifier for autonomous air conditioning model.

In this design algorithm we use two inputs so for these two inputs, two different fuzzifiers are
used. The linguistic output of fuzzifier may lie in any of the five regions and each region is
divided in to two halves; 1% half region and 2" half region. Possible outputs of fuzzifier relation
with these regions specified in table-3.5

Table-3.5 Fuzzifier relation of linguistic output values for air conditioning system.

Toput Fuzzifier |[1"balf  [2%haf | Mid point | Starting
Output region region region region

[ Temperaure | ) fis fy fich: fiefs fies
£y fis
Humidity | f: fisf fiefs fiaf fya;
fi fisg
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To verify the design model of the autonomous air conditioning system use the input fuzzy
variable temperature=22°c and humidity=30 this value of temperature exist in the second
part of second region and this value of the humidity exist in the first part of the second region.
Where the given value 22 of temperature maps with the MF cool and normal for which the
normal is taken as F [1] and cool is taken as F [2] similarly the value 30 of humidity maps with
the value MF moist and just dry for which the moist is taken as F [3] and just dry is taken as F
[4].
The fuzzifier results for this proposed algorithm exposed in the table-3.6

Table—3.6 Fuzzifier results for air conditioning model

"Input variable Value Region selection | Fuzzy set calculation
‘Temperature 2 Region 2 F[1]=0.24
FR2j=1-F[1]
=0.76
Humidity 30 Region 2 F[3]=0.2
Fld}=1-F[3]

3.13 INFERENCE ENGINE
Inference engine takes four inputs from fuzzification apply the min-and operation and gives the

four values i.e. Ry, R, R; and R4 exposed in the figure-3.5.
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LINGUISTIC INFERENCE ENGINE

NUMERIC VARIABLES

INPUTS

Figure-3.5 Inference engine design for air conditioning model.

In the output membership function plot there are five overlapping regions; system is designed
with two inputs so total twenty five rules are applied for this proposed system [41]. But for each
value of input variables i.e. for temperature=22, humidity=30 four rules are fired at a time at
these values of input variables, rule no 7, 8, 13, 12 are used as shown in table-3.8 out of total
twenty five rules

Inference engine takes four input values from the fuzzifier and applies max-min composition and
give values of R. in this case four min-AND operations are applied to get the four values of R.
R;=F[1] and F [3]=0.24 and 0.2=0.2

R,=F [1] and F [4] = 0.24 and 0.8 = 0.24

R3=F [2] and F [3] =0.76 and 0.2 =0.2

R4=F [2] and F [4] = 0.76 and 0.8 = 0.76
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3.1.4 RULE SELECTOR

The rule base takes the two numeric values of inputs; temperature and humidity and gives the

four singleton values by applying the if-then rules [42], are exposedin figurer-3.6.

LINGUISTIC

CRISP VALUES VARIABLES

OF INPUTS

St

Figure-3.6 Design model of input and output of rule base for air conditioning system.
In the output membership functions plot there five overlapping regions and two inputs are used

for system so total twenty five rules are required, these twenty-five rules exposed in table-3.7

THEOR
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Table—3.7 Rules designed for system

[NO__ | Temperature | Humidity | Fan speed | Fan spinning time
1 Cold Dry Stop None

3 Clod Justdry | Stop None

3 Cold Moist Stop None

3 Coid Just wet Stop None

3 Cold Wet Slow Small

6 Cool Dry Stop Nons

7 Cool Just dry Stop None

8 Cool Moist Stop None

9 Cool TJust wet Siow Small

10 | Cool Wet Stow Small

11 Normal Drv Siow Small

12 Normal Just dry Siow Small

13 Normal Moist Medium Medfum
14 [Normal Justwet | Medium Medium
15 Normal Wet Fast Long

16 Warm Dry Medium Long

17 | Wam Justdry | Fast Long
18 Warm Moist Fast Long

9 |Wam Justwet | Fast Long

20 Warm Wet Very fast Long

21 Hot Dry Fast Long

22 Hot Just dry Very fast Very long
23 Hot Moist Very fast Verv long
3 Hot Tust wet Very fast Very long
25 Hot Wet Very fast Very long

For this proposed system of air conditioning system out of these twenty-five rules, only four
rules are selected at a time for single value of each input.
For temperature=22% and humidity=30 % the four rules selected out of twenty-five rules

exposed in the table—3.8
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Table-3.8 Selected rules for input variables

"Rule No. | Temperatare | Humidity | Fan speed | Fan spinning
time

7 Cool Justdry | Stop None

3 Cool Moist Stop None

¥ Normal Justdry | Slow Small

13 Normal Moist | Medum | Medium

Corresponding to these four rules four singleton values; S1, S2, S3, and S4 are obtained which

exposed in the table-3.9.

Table—3.9 Singleton values for outputs

Singleton valne | Fan speed | Fan spinning time
Si 0 0

$ 0 0

S; 0.2 0.25

B 0.3 03

Rule base block for the designed model of air conditioning system contains lookup table, it
consists of rules which are design for modeled. Two comparators, two detectors and two

decoders , these detectors and decoders tell about the region maps by the input variable and
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response of fuzzy set to these variable. Comparator takes information’s from detectors and

decoders and gives the singleton values, as exposed in the figure-3.7.

CRISPVALUEQF )

REGION |
TEMPERA;'U RE DETECTO

2

CRISP VALUE OF
HUMIDITY
DETECTOR] Re9on
B—y B information's
it ﬁEQODER

REGION ¥

Fuzzy set
information's

Figure-3.7 Arrangement of rule base to get singleton values for air conditioning system.

3.1.5 DEFUZZIFICATION.

The conversion of linguistic variables in to crisp/numeric values is done by using defuzzification.
Many methods are used for this purpose of defuzzification e.g. (MOM) mean of maximum.
(SOM) smallest of maximum (LOM) left of maximum etc.

The method used for defuzzification is (COA) center of average

Whose mathematical form is:

D Si*Ri/ ) Ri
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Where 1=1,2,3,4

For the designed air conditioning system two defuzzifiers are used, one for output variable fan
speed and other for fan spinning time. This system takes eight inputs to each defuzzifiers four
from inference engine i.e. R;, R;, R3 and R4 and four from the rule base i.e. S, S;, S;and S 4 and

gives the crisp value of output fan speed and fan spinning time. As exposed in the figure-3.8.

p ML Ty ]

Figure-3.8 Block diagram of defuzzifier for air conditioning system.
The modeling of defuzzifier is shown in the figure-3.9; one defuzzifier contains adder,
multipliers and divider. For the air conditioning system we require four multiplies, two adders

and one divider to implement the COA method.
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Figute-3.9 Modeling of defuzzifier for air conditioning system

3.1.6 EXPERIMENTAL ARRANGEMENT.

ok oa ek e e

-
-
-
-
*

(e 1§

P o 3

Figure-3.10 Experimental arrangement for air conditioning system.

3.2 DESIGN AND MODELING OF SYRUP MANUFACTURING SYSTEM USING
FUZZY TIME CONTROL DISCRETE EVENT SYSTEM.
Pharmaceutical industries of world are manufacturing their most of the goods in syrup form. The
proposed study relates with the designing of medicated syrup manufacturing using the fuzzy time
control discrete event system.

3.2.1. DESIGN ALGORITHM.
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The syrup manufacturing system is designed with three inputs; viscosity, specific gravity and
chemical selection and eight outputs; temperature, temperature time, valve selection, valve
opening time, PH at current liquid temperature, PH time, mixing speed, mixing time, each input
plot contains six membership functions and five regions the name of membership functions and
their ranges exposed in the table-3.10.

Table-3.10 input MF and their range values.

"NO [ Membership Function | Viscosity | Specific | Chemical selection
dayem? | Gravity
Mg/ml
1| Very smail 0-1 0-1 0-10
2 | Small 0-2 0-2 0-20
3 [Medium 1-3 13 10-30
4 | Above medium 24 24 20-40
5 | High 33 13 30-50
6 | Very high 33 43 40-30

In response of chemical selection valve are opened, installed at the feed lines for material

constituents flow.,

Plot of input membership functions (MF) for specific gravity exposed in the figure-3.11 there are

six MF,s Fi[1], F1[2], F1[3], F1{4], F1[5], and F,[6] and five regions.
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Figure-3.11 Input MF function specific gravity plot

Plot of input MF,s viscosity contains six MF, s and five regions input numeric value of viscosity

exist in the one of the existing five regions exposed in the figure-3.12.

VE S M AM H

4
as
o

o as 1 15 2 . 25 a 3s 4 4.5
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Figure-3.12 Input MF plot for viscosity

Plot of input MF chemical selection contains six MF,s F5[1] F5[2], F5[3], Fs[4], F3[5], F3[6] and

five regions exposed in the figure-3.13.
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Figure-3.13 Input MF plot of chemical selection.

Plot of output MF,s are exposed in the figure-3.14 for the convenience in calculation the range
values for the output MF,s for mixing speed, mixing time, valve selection, valve opening time,
PH at given temperature, PH time, Temperature, Temperature time are taken same, plot contains

five output MF, s and four regions

o ag 20 a0 a0 s0 . om0 9p 80 a0 100

Figure-3.14 Qutput MF plot
The membership functions and ranges of eight output variables are presented in thetable-3.11.

Table-3.11 Output MF,s and their ranges.
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Macibership | Range | lemperature | Tempersture| PH PH | vale | Vahe | Mixing | Mixing

Funetion Tims time Opening | speed | Time
tims
ST 3 o Nont Smal | Nooa | Nomt | Noma | Sop | None

SIFZ e Tow Sall Normal | Smal | F#w Sow | Smal |
T TR Madhn M adhim | Madimm | Sadmm | Slednm | Madrm | Sedmm | Madnm |

b3} L1830 ;i) Tong Higs | Loog | Largs | Lomg | Ffast | Long
MES W Vav-Bigs | Vayleng | vy | vaey- | vay | vey- | vey | Vay-
100 Hgh | long | larga | lomg | fast | long
3.2.2 FUZZIFICATION.

First step in the design model is the fuzzification in which numeric inputs are given to the
fuzzifier which converts these numeric inputs to the linguistic variables. The design model of
syrup manufacturing system contains three inputs. Membership function plot contains five
regions for each input variable and these input variables: specific gravity, volume, and chemical
selections maps with the MF,s which may lies in any of the five regions. Here we take the f; and
f, as linguistic values of input volume and f; and f; as linguistic values of input variable specific
gravity and f5 and f6 as linguistic values of input variable chemical selection. The mappings of

these three inputs with the MF,s in all possible regions are presented in the table-3.12.

Table-3.12 All possible outputs of fuzzifier for the design model.
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Tnput Fuzzifier | Region-1 | Region-2 | Region-3 | Region-4 | Reglon-5
variable Outpat
Volume fi Bl Fil2] Fi3] Fif4] Fid]

fy 3] R3] Fi4] Fi[5] F1[6)
Specific | & 2TV R B 3 R B Y U B B 5
gaiy g 27 I 216 B O I B 5 I 2 ()
Chemical |15 (! B2 e BAL__ |F5)
Selection 6 F[2 Fif3 Fif4 F[3] F;[6]

For the design model of syrup manufacturing system we use three inputs so the fuzzifier gives
six outputs exposed in the figure-3.15, for these three input: specific gravity, volume, and

chemical selections we use three fuzzifiers for the proposed syrup manufacturing design model.

Figure-3.15 Design of fuzzifier for air conditioning model.

The linguistic output of fuzzifiers may exist in one of the five existing regions and each region is
spited in to two parts; 1% half region and 2™ half region. Possible output of fuzzifier relation with

these regions are presented in the table-3.13

Table-3.13 Fuzzifier output of linguistic variables for syrup manufacturing system.
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Tnput Tuzzifier | 1° ball 25 half Mid point | Starting

Output region region Region region
Vomume T fis s fie s fiafs fie1

f2 f120
Specific £ [ fieks A fia1
Gravity f; 7
 Chemical f; T 1 fec fs Teu 1s femt
Selection s f5m

To verify the design model of syrup manufacturing the input fuzzy variable  value are
taken; viscosity=1.4, specific gravity=1.7 and chemical selection=16 this value of viscosity lies
in the first half of second region and maps with the fuzzy variable medium and small,
medium is taken as F);[3] and small is taken as F,[2] the value of specific gravity lies in the
second half of the second region and maps with the fuzzy variable medium and small, medium is
taken as F>[3], F»[2]. Selected value of chemical selection lies in the send half of second region
and maps with the fuzzy variable medium and small, medium is taken as F;[3], F3[2]. Fuzzifier

result for this model exposed in the table-3.14.
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Table-3.14 Result of Fuzzifier calculation

(Toput Vaiue of input Region | Fuzzy set
Variable Calcalation
Viscosity 14 28 Fi[3]=0.4
Fi[2}=1-F1[3]
=0.6
Specific 1.7 P F.[3]=0.3
Gravity Fa2)=1-F2[3]
0.7
"Chemical 17 28d F:(3]=04
Selection F3[2)=1-F3[3]
0.6
3.2.3 INFERENCE ENGINE

Inference engine takes six input values from the Fuzzifier and apply min-max composition and

gives the eight values; Ry, Rz, Rs, R4, Rs, R, Ry, Rg, exposed in the figure-3.16.
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Figure-3.16 Inference engine design for syrup manufacturing system.

In the output membership function plot there are two overlapping regions, system designed with
three inputs so total eight rules are applied for this proposed system [41]. Inference engine takes
six input values from the fuzzifier and apply max-min composition and give eight values of R. in

this case eight min-AND operations are applied to get the eight values of R.

R,=F,[3] and F,[3] and F3[3] = 0.4"0.3%0.4=0.3
R,=F\[2] and F,[3] and F3[3] = 0.6%0.30.4=0.3
Ry=F,[3] and F,[2] and F3[3] = 0.4%0.70.4=0.4
R,=F,[2] and F,[2] and F3[3] = 0.6%0.7°0.4=0.4
Rs=F,[3] and F,[3] and F3[2] = 0.4%0.30.6=0.3

R¢=Fi[2] and F,[3] and F3[2] = 0.6%0.3%0.6=0.3
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R/=F[3] and F,[2] and F3[2] = 0.4"0.7%0.6=0.4

Rs=F;[2] and F,[2] and F3[2] = 0.6"0.7/0.6=0.6

3.2.4 RULE SELECTOR.
The rule base takes the three numeric values of inputs; volume, specific gravity and chemical

selection and gives the eight singleton values by applying the fuzzy if-then rules [42], exposed in
the figurer-3.17.

Figure-3.17 Design model of input and output of rule base for syrup manufacturing

System.

In the output membership functions plot there two overlapping regions and three inputs are used

for system so total eight rules are required, presented in the table-3.15.
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Table-3.15 Design rules for system
"No [ Vheosk | Specilic | Chamieal | Tem. | Tem. | Miakng | Mixkn | valve | Valve | PH m"““

y Graxity | Selected Time | spead %m m
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Singleton values obtained from knowledge base for applied, presented in the table-3.16.

Table-3.16 Singleton values

Py

Singleton | Tem. | Ism. | Mixing | Mxing | PR PH valve | Valve
Value Tune | speed Time time %1::1::
5, U3 ) v7 o 0.3 w7 03 7
> 0.3 0.3 T T3 T3 (] U3 U3
S, (8] 0.7 1 [N U3 0.7 0.3 U7
3, 3 03 T 73 U3 U3 03 03
B 73 0.7 0.7 [ (%) V.0 03 v
7.3 () 0.7 T3 U3 03 0.3 (8]
% 03 (N T T U3 0] U3 (]
X 03 0.3 I 03 03 03 (%] 0s

Rule base block for the design model of syrup manufacturing system contains lookup table, it
consists of rules which are design for model. Three comparators, three detectors and three

decoders , these detectors and decoders tells about the region maps by the input variable and
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response of fuzzy set to these variable. Comparator takes information’s from detectors and

decoders and gives the singleton values, exposed in the figure-3.18.

Region
information's

vo REGION
I DETECTO
2

Specific gravity

1L} DECODER | ¢,

Information's

-

Chemical selection REGION
DETECTOR

5 &
16 DECODER | _Fuzzy set

Figure-3.18 Arrangement of rule base to get singletén values for syrup manufacturing
system.
3.2.5 DEFUZZIFICATION.
The conversion of linguistic variables in to crisp/numeric values is known as defuzzification. The
method used for defuzzification is (COA) center of average

Whose mathematical form is

D Si*Ri/ Y Ri
i
Where i=1,2,3,4..cccccunc..n.....
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For the designed syrup manufacturing system eight defuzzifiers are used, for eight output

variables. This system takes sixteen inputs to each defuzzifier eight from inference engine i.e. R,
Rz, R3. Ry Rs, R, Ry, and Rg and eight from the rule base i.e. Sy, S, S3, S4 Ss, S¢, S7, and Sg, and

gives the crisp value of output variables. Exposed in the figure-3.18.

nsmrgm

Figure-3.18 Arrangement of rule base to get singleton values for syrup manufacturing
The modeling of defuzzifier is exposed in the figure-3.20; one defuzzifier contains adder,

multipliers and divider. For the air conditioning system we require four multiplies, two adders

and one divider to implement the COA method.
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3.2.6 EXPERIMENTAL ARRANGEMENT.

The experimental arrangements for the designed syrup manufacturing system is exposed in the

figure-3.21.
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Flgure-3 21 Expenmental axrangement for syrup manufacturing system

3.3 DESIGN OF ICE-CREAM MANUFACTURING SYSTEM USING
FUZZY TIME CONTROL DISCRETE EVENT SYSTEM.
Ice cream is an important and very popular dairy product which is found in many flavors. The

proposed Ice-cream manufacturing plant is designed to facilitate the ice cream manufacturing

industry
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3.3.1. DESIGN ALGORITHM.

The ice-cream manufacturing system is designed with two inputs volume and ingredients
selection, and six outputs heating/cooling temperature, temperature time, valve, valve opening
time, , mixing speed, mixing time, each input plot contains six membership functions and five
regions the name of membership functions and their ranges were exposed in the table—3.17.

Table-3.17 Input MF and their ranges values.

[NO | Membership Function | Volume | ingredients selection
fxp:g/em?
T | Very small 0-10 0-10
2 | Small 0-40 0-20
3 | Medum 20-60 10-30
4 | Above medium 40-80 20-40
5 | High 60-100 | 30-50
6 | Veryhigh §0-100 [ 40-50

In response of ingredients selection valve are open, installed at the feed lines for material
constituents flow.
Plot of input MF,s . For volume is exposed in the figure-3.22 there are six MF,s F[1], F[2],

Fi[3], Fi[4], F1[5], and F,[6] and five regions
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as

0 s - 70 a0 a0 100

Figure-3.22 Input MF function volume plot

Plot of input MF,s for ingredients selection contains six MF, s F3[1], F2[2], F2[3], F;[4], F2[5],
F,[6] and five regions input numeric value of ingredients selection lies in any one of the five
region as exposed in the figure-3.23. In the response of its value valves are open which are

installed at the feed lines for material constituents flow.

vfs ; ; T ; 7 1 f T iy

S M AM H
”~
g T B
10 15 sz > o 5 40 45 50

w
T

Figure-3.23 Input MF plot for ingredient selection
Plot of output MF,s exposed in the figure-3.24 and in the figure-3.25 for the convenience in
calculation the range values of output membership function for mixing speed, mixing time, valve
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selection, valve opening time, heating/cooling temperature, Temperature time are taken same,

plot contains five output MF, s and four regions

0 10 n = T ) a0 100

@ B0

Figure-3.24 Output MF plot for mixing speed.

B wm o m 30 . om e 7 a0 50 oo
Figure-3.25 Plot of output MF;s for valve-opening time.

The MS,s and ranges of six output variables values were presented in the table-3.18.
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Table-3.19 All possible outputs of fuzzifier for the design model.

Tnpat Fuzzifier | Region-1 | Region-2 | Region-3 | Region-4 | Region-5 |
variable Ountpat
Volume Fi Fill] 102 Fil3] Fild] 710

¥ Fil2] E)] Fi[4) ] Fil6]
Ingredient | T; Bl [RR  |[FB] |[RE] [
selectlon I'g; 207 I B Y TR 7 €3 R 71 B B2 5]

For the design model of ice-cream manufacturing system we use two inputs so the fuzzifier gives
four outputs was exposed in the figure-3.26, for these two input variables two fuzzifiers are used

in this design model.

Volume N M
f2

ingredient selectiop .03
- 14

Figure-3.26 Design of fuzzifier for ice cream manufacturing system.

The linguistic output of fuzzifiers may exist in any the five regions and each region is spited in
to two parts; 1* half region and 2™ half region. Possible output of fuzzifiers relation with these

regions were presented in the table-3.20
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Table-3.20 Fuzzifier output of linguistic variables for ice-cream manufacturing system.

k'

Toput Fuzzifier | 1°'half I haif | Mid point | Starting
Ountput Region region Region region
‘olume | £ i 6 fief: fi-fr flai
f2 fmg
Ingredieat [ £3 fi: f Gels fiufs fimi
Selection | £ fom)

To verify the design model of ice-cream manufacturing system the input fuzzy variables value
are taken; volume=28, ingredients selection=27 this values of volume exist in the first part of
second region and maps with the fuzzy variable medium and small, medium is taken as F,[3] and
small is taken as F[2]. Selected value of chemical selection lies in the second half of third region
and maps with the fuzzy variable; above medium and medium, above medium is taken as F;[3],
and medium is taken as F3[2]. Fuzzifier result for this proposed system were exposed in the
table-3.2

Table-3.21 Result of Fuzzifier calculation

Tnput Value of input | Region Fuzzy set
‘ariable Calculation
Volame 28 ] F[1}=0.4
F[2J=1-F1[3)=0.6
| Ingredients | 27 3R F[3}=03
Selectlon Fl4]=1-F5[3]=0.7
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3.3.3 INFERENCE ENGINE
Inference engine takes four inputs from fuzzification apply the min-and operation and gives the

six values i.e. R;, Rz, R;, Ry, Rs and Rg were exposed in the figure-3.27

LINGUISTIC

RIABLES | \FERENCE ENGINE

NUMERIC R

INPUTS

Figure-3.27 inference engine design for ice-cream manufacturing.

In the output membership function plot there are three overlapping regions, system designed with
two inputs so total nine rules are applied for this proposed system [41]. But for each value of
input variables i.e. for volume = 28, ingredient selection = 27.

Inference engine takes four input values from the fuzzifiers and apply max-min composition and
gives the six values of R. In this case four min-AND operations are applied to get the six values
of R.

Ri=F[1]and F[3] = 0.4and 0.3 = 0.3

R=F[1] and F [4] = 0.4 and 0.7 = 0.4

R;=F[2]and F[3] =0.6 and 0.3 = 0.3
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]

R;=F[2]and F [4] = 0.6 and 0.7 = 0.6

Rs=F[3]and F[4] = 0.3and 0.7 = 0.3

R¢=F[1]and F[2] = 0.6 and 0.4 = 0.4

3.3.4 RULE SELECTOR

The rule base receives the two crisp values of inputs; VOLUME and INGREDIENT

SELECTION and gives the six singleton values by applying the if-then rules [42], were exposed

in the figurer-3.28

Volume ; s1

Ingredient selectiog

Figure-3.28 Designed model of ihput and output of rule base for ice-cream

manufacturing system.
In the output membership functions plot there three overlapping regions and two inputs are used

for system so total nine rules are required which were presented in the table-3.22
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Table—3.22 rules designed for system

SELECTION | OPENING | SPEED TIME

AEDIN
ABOVE

\EDIN
T DGl EDIUM [ AEDION | 10NG | MEDIOM [ TONE  [7amr [LONG

Corresponding to these rules six singleton values; S1, S2, S3, S4, S5 and S6 are obtained which
are listed in table-3.23

Table—3.23 Singleton values for outputs

Singlston Tetmperatum | Temp. Yalrs Taks Yixing Mg
Values Time Selection Opening Speed Time
Tims

14 X o UE 7 L) T

L3 T3 o.x T3 T3 T T3

L4 04 LR U3 7 T b
L 7Y T3 e () 83 L8

L4 0.3 B L 47 ) o
k3 T3 3 32 X L% T3

Rule base block for the design model of ice cream manufacturing system contains lookup table,
it consists of rules which are design for model. Two comparators, two detectors and two
decoders , these detectors and decoders tells about the region maps by the input variable and
response of fuzzy set to these variable. Comparator takes information’s from detectors and

decoders and gives the singleton values, was exposed in the figure-3.29
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F——————————————— ]

Region
information's

CRISP VALUE Q
VOLUME

REGION
f DETECTOR

2

CRISP VALUE Q
INGREDIENT SELECTION
3

L]

information's

Figure-3.29 Arrangement of rule base to get singleton values for ice cream manufacturing
system.

3.3.5 DEFUZZIFICATION.

The conversion of linguistic variables in to crisp/numeric values was done by using

defuzzification. Many methods were used for this defuzzification purpose e.g. (MOM) mean of

maximum. (SOM) smallest of maximum (LOM) left of maximum etc.
The method used for defuzzification is (COA) center of average

Whose mathematical form is

D> Si*Ri/ ) Ri

Where i=1,2,3,4,5,6

For the designed ice cream manufacturing system six defuzzifiers are used, for the six outputs.

This system takes twelve inputs to each defuzzifier six from inference engine i.e. Ri, Ry R3, Ry,
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Y ...) .. ]
Rs, and Rg, and six from the rule base i.e. Sy, S5, S3, S4, S5, and S and gives the crisp values of

outputs. As exposed in the figure-3.30

R1
R2
R3
R4
RS
R6

T RIT R

S1

S2
S3

S5
S0

Figure-3.30 Block diagram of defuzzifier for ice cream manufacturing system.
The modeling of defuzzifier was exposed in the figure-3.31; one defuzzifier contains adder,

multipliers and divider. For the ice cream manufacturing system we require six multiplies, two

adders and one divider to implement the COA method.
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Figure-3.31 Modeling of defuzzifier for ice cream manufacturing system
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3.3.6 EXPERIMENTAL ARRANGEMENT.
The experimental arrangements for the designed ice-cream manufacturing system was exposed

in the figure-3.33
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Figure-3.33 Experimerital arrangement for ice-cream manufacturing system.

.

3.4 SOAP MANUFACTURING SYSTEM USING FUZZY TIME CONTROL DISCRETE
EVENT SYSTEM.

Soap is an important anionic detergent which comes in many different shapes and forms like
liquid, powder and solid bar. The proposed soap manufacturing plant was designed using fuzzy

time control discrete event techniques to facilitate the soap manufacturing industry.
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]

3.4.1. DESIGN ALGORITHM.

The soap manufacturing system is designed with four inputs; viscosity, specific gravity, chemical
selection and volume and eight outputs; heating/cooling temperature, temperature time, valve selection,
valve opening time, PH at current liquid temperature, PH time, mixing speed, mixing time, each input
plot contains six membership functions and five regions the name of membership functions and their

ranges were exposed in the table-3.24

Table-3.24 Input MF and their ranges

Membershlp Vilime | Vicosky Themical
Function donp/on? Gravity | selection
Mg/ml
Very small 0-30 5300 02 o-10
Small 0-30 B0 04 (1%
Madam 208 205605 X 1030
Above medim B 200500 X ] b 21
Higk 60-100 800-1000 510 30-30
Very kigh $0-100 B05-1000 5 TR %

In response of chemical selection lvalve are opened, installed at the feed lines for material
constituents flow. In the designed model liquid soap mixing and storing device a discharge valve
is designed with the pipe lines communicating between the discharge valve and mixing/ storing
tank. Air supply is also provided to the liquid soap through piping system and the both (air and
liquid soap) are mixed and agitated in the mixing chamber to remove the air bubbles in the liquid
soap mixture. A pressuring device is arranged with the airing device to maintain the pressure of
air agitated with the soap [44]. So in this way a proper mixing and storing tank can be designed

for increasing quality based efficacy of liquid soap.
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Plot of input membership functions (MF) for specific gravity was exposed in the  figure-3.34

there are six MF,s F{[1]F[2]F;[3]F:[4]F;[5]F:1[6] and five regions

T TTHE Ty T TR T

Figure-3.34 Input MF function specific gravity plot

Plot of input MF viscosity contains six MF,s F,[1], F2[2], F;[3], F2[4], F2[5], F2[6] and five

regions input numeric value of viscosity exist in one of the five existing regions as exposed in

the figure-3.35.
" ‘ s ' " ’ a H '
- n
u% ”‘{ |
5 :
o 100 20 04 sud a0 1w g0 a0 1000

| Inpus varinbie “viecostiy*

Figure-3.35 Input MF plot for viscosity
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Plot of input MF chemical selection contains six MF,s F3[1] F3[2], F3[3], F3[4], F3[5], F3[6] and

five regions as exposed in the figure-3.36

VE s M AM H k4

il

0 5 W e TR 3s a0 as 50
\ | input variabie "CHEEL" ‘

Figure-3.36 Input MF plot of chemical selection
Plot of input MF,s for the volume was exposed in the figure-3.37 plot contains six MF,s Fy[1],

F4[2], Fa[3], F4[4], F4[5] and F4[6] and five regions given input value may exist in one of the five

existing regions.
i ¥ 1 H 1 i ) 1] H
Vg S ] AM H
il
R
Q
o i 20 30 40 s0 60 e g0 a0 100

Figure- 37 Plot of input membership functions for volume
Plot of output MF,s were exposed in the figure-3.38 for the convenience in calculation the range

values of output MF,s for mixing speed, mixing time, valve selection, valve opening time, PH at
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given temperature, PH time, Temperature, Temperature time are taken same, plot contains five

output MF, s and four regions

0 10 20 30 4 - s e W M 4 AW

Figure-3.38 Output MF plot

The MF,s and ranges values of the eight output variables were presented in the  table-3.25.

Table-3.25 Output membership functions and their ranges.

mberskly | Rangs | Temperat | Temparat | PH FH Valne Yales Yhing [y |
Fanction n e tixe Opesing tinn | spasd Thes
Tioe
[T X o Nors Tl | Word Tous o Yoy Wor
Xl a5 [ Lew Eaall oL | | ree 3000 L7
XIS | A | Madhm | MadRm | Madh | Madnw | VA | Mns | Sadne | Madns )

T T RWOTEE Lozt Big ] Long ap Long 7] Tong
p Y24 I TV | VEVeSY | VEY ] VAL | Ve ety vy Yeraony
Eig rp sy

3.4.2 FUZZIFICATION

First step in the design model is the fuzzification in which numeric inputs are given to the

fuzzifiers which converts these numeric inputs to the linguistic variables. The design model of
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soap manufacturing system contains four inputs. Membership functions plot contains five
regions for each input variable and these input variables maps with the membership functions
which may lies in any of the five regions. Here we take the f; and f, as linguistic values of input
volume and f; and f; as linguistic values of input variable specific gravity and f5 and f6 as
linguistic values of input variable chemical selection and f7 and f8 as linguistic values of input
variable viscosity. The mappings of input variables with the membership functions in all possible
regions

are given in table-3.26

Table-3.26 All possible outputs of fuzzifier for the design model.

TTaput Fuzzifier | Region-1 | Region-2 | Region-3 | Region-4 | Region-5 |

variable Output
YVolume f §§ 1] gg 2 gg 3 ?3[4[ -f—xﬁ

f Fif2] Fi[3 Fi[4 Fi[5] Fi[6]
Specific 2 1] £ I 2E]] Ff] 5]
gravity 2 207 I B VR 5 R -6 B B2 (3
Chemical | I F[1 T2 53 Fi[4] Fi[5]
| Selection [ F;[2] F;[3] F3[4] F;[5] F3[6]
Viscosity [T 70 I ) I 73 I 7 I 6

T .2 T3 44 3] 6]

For the design model of soap manufacturing system we use four inputs so the fuzzifiers gives
eight outputs as shown in the figure-3.39, for these four input variables four fuzzifiers are used in

this design model.
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Figure-3.39 Design of fuzzifier for soap manufacturing system.

The linguistic output of fuzzifiers lies in any of the five regions; each region is divided in to two
halves; 1 half region and 2" half region. Possible output of fuzzifiers relation with these regions

are given in table-3.27
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Table-3.27 Fuzzifiers output of linguistic variables for soap manufacturing system.

Input Fuzzifier | 1% half 28 halfl Mid point | Starting |
Outpat Region region Region region
Volume fi ) Fic<h fi. b2 fie1
£ fruo
Specific f; fis L Fiefs fi=fi f31
Gravity f, fiey
Chemical f; fes £y Fsels f5u fs fse1
Selection fs foes
Viscosity | f- 2 2% fuls fa
f fowy

To verify the design model of soap manufacturing the input fuzzy variable value are taken;
viscosity=850, specific gravity=1.5, chemical selection=14 and volume=9 this value of viscosity
lies in the first half of fifth region and maps with the fuzzy variable HIGH and VERY-HIGH,
HIGH is taken as F4[5] and VERY-HIGH is taken as F4[6] the value of specific gravity lies in the
second half of the first region and maps with the fuzzy variable SMALL and VERY-SMALL,
SMALL is taken as F;[2] and VERY-SMALL is taken as F,[1]. Selected value of chemical
selection lies in the first half of second region and maps with the fuzzy variable MEDIUM and
SMALL, MEDIUM is taken as F3[3], F3[2]. Selected value of volume lies in the 1 half of the
first region which map with the fuzzy variables SMALL and VERY-SMALL. Here SMALL is
taken as F; [2] and VERY-SMALL is taken as F [1]. Fuzzifier result for this model are shown in

table-3.28
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Table-3.28 Result of Fuzzifier calculation for soap manufacturing system

Taput Valueolmput | Region | Fuzzy set
Variable Calculation
Volame ] T bilij=0.33
Fi2}=1.F (1]
(.43
Specilic 13 ™ =073
Gravity Falt}=1-F2[2]
=0.25
Chemlcal i3 b P06
Selection F:[2}=1-F:[3]
=04
Viscosity 350 ¥R j A3 i
Fil6]=1.F[5]
=).23
3.4.3 INFERENCE ENGINE

Inference engine takes eight input values from the Fuzzifiers and apply min-max composition

and gives the sixteen values; R), Ry, Rs, R4, Rs, R¢, Ry, Rg R, Rig, Ry1, Ri2, Ry3, Rys, Rys and

R6,as shown in the figure-3.40.
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e

INFERENCE ENGINE

UNGUISTIC
VARIABLES

NUMERIC
INPUTS

Figure-3.40 Inference engine design for soap manufacturing systeml.

In the output membership function plot there are two overlapping regions, system designed with
four inputs so total sixteen rules are applied for this proposed system [41].

Inference engine takes eight input values from the fuzzifiers and apply max-min composition and
give sixteen values of R. in this case sixteen min-AND operations are applied to get the sixteen

values of R.
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R=Fi[11"F,[11"F3[2]*F4[5] = 0.55"0.25%0.4"0.75=0.25 |
Ro=Fi[1"F2[2]"F3[3]*F4[5] = 0.55%0.75"0.6"0.75=0.55
Rs=F|[1]1"F,[2]"F[2]"F4[6] = 0.55"0.75"0.4"0.25=0.25
R,=F|[11"F,[11"F3[3]"F4[6] = 0.55"0.250.60.25=0.25
Rs=F|[1]1"F;[1]"F3[2]*F4[5] = 0.55"0.25%0.4"0.75=0.25
ReFi[1]1"F,[2]"F3[2]7F4[5] = 0.55"0.750.25%0.75=0.25
R~=Fi[1]"F[1]"F3[2]"F4[6] = 0.55%0.25"0.4%0.25=0.25
Re=Fi[1]"F2[2]"F3[3]"F4[6] = 0.55"0.75"0.60.25=0.25
Ro=F|[2]"F[1]"F3[2]"F4[5] = 0.45%0.25"0.4%0.75=0.25
Rio=Fi[21"Fa[1]"F3[3]"F4[5] = 0.45"0.25%0.6"0.75=0.25
Ry =Fi[2]"F2[2]"F3[2]"F4[6] = 0.450.75"0.40.25=0.25
Ri2=Fi[21"F:[2]"F3[3]"F4[6] = 0.45"0.75%0.4°0.25=0.25
Ry3=F\[2]"F[1]"F3[2]"F4[5] = 0.45"0.25%0.4"0.75=0.25
R1,=F, [2]"F,[11"F3[31°F4[5] = 0.45%0.25"0.6"0.75=0.25
Rys=F\[2]"F2[2]"F3[2]"F4[6] = 0.45%0.75%0.40.25=0.25

Ri=F1[21"F>[1]F3[3]"F4[6] = 0.450.25"0.6"0.25=0.25

3.4.4 RULE SELECTOR
The rule base receives the four crisp values of inputs; volume, specific gravity, viscosity and
chemical selection and gives the sixteen singleton values by applying the fuzzy if-then rules [42],

as shown in figurer-3.41
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Figure-3.41 Design model of input and output of rule base for soap manufacturing

system.

In the output membership functions plot there two overlapping regions and four inputs are used

for system so total sixteen rules are required which are listed in table-3.29
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3 Tabie-3.29 Design rules for mmmfac% ing svstem
@'Tshm Viacos! Wm"%'!ﬁ' %’W : Yalve |[PH | PH
t ty t sted | . Tiwe | Spd | Time opain tion
Gravit fm
Ve | gk %‘xy Yol | Low | Loag | fmt | Lomg | Few | Logg Tong
Sl Yol
Tev | vay | veEy | Ymall | Low | AdA | T | Madl | TEW | Madm | Smal | NMR
il | Big | Smal . . - 2
*g;} W'gzg Sadhum | Low | Loxp | Saddw | Lemf | FEW | Loup | =l | Long
o A R R BTl B T TR B B i B b
ol jHig | e - T o - £
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Singleton values obtained from knowledge base for applied rule are listed in
table-3.30
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Table-3.30 Singleton values for soap manufacturing system

“TSmgleton | Tem, | Tem. | Mimg | Miiag [ PN [PH [vale | Vake
Value Time |speed | Time time Ognhg
Time
5 0.3 0.7 0.7 0.7 03 07 03 0.7
5 03 03 07 03 03 03 03 03
Sy U3 0.7 03 07 03 0.7 [1X] 07
S, 03 03 03 03 03 03 U3 03
83 03 0.7 0.7 07 U3 U7 X 0.7
Se 03 03 07 03 03 03 03 03
- 03 0.7 03 07 03 07 03 0.7
55 0.3 03 03 U3 03 03 03 03
59 U3 0.7 0.7 0.7 U3 0.7 03 0.7
"SI0 03 03 07 03 U3 03 5] T3
SIT U3 0.7 03 U7 03 0.7 03 0.7
I3 03 03 03 03 U3 03 0y |03
I3 03 U7 U7 o |03 0.7 03 U7
SH 03 U3 07 03 03 03 03 03
SI% 03 0.7 03 0.7 03 0.7 03 0.7
BU U3 03 03 |03 03 03 03 03

Rule base block for the design model of soap manufacturing system contains lookup table, it
consists of rules which are design for model. four comparators, four detectors and four decoders
, these detectors and decoders tells about the region maps by the input variable and response of
fuzzy set to these variable. Comparator takes information’s from detectors and decoders and

gives the singleton values. As shown in figure-3.42
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Figure-3.42 Arrangement of rule base to get singleton values for soap manufacturing
system.

3.4.5 DEFUZZIFICATION.

The conversion of linguistic variables in to crisp/numeric values is known as defuzzification. The
method used for defuzzification is (COA) center of average

Whose mathematical form is

D Si*Ri/) Ri
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e e T e e e
Where i=1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16.

For the designed soap manufacturing system eight defuzzifiers are used, for eight output
variables. This system takes thirty-two inputs to each defuzzifier sixteen from inference engine
i.e. Ri, R, R3, R4 Rs, Rg, R7, Rg Ro Ryg, Ry, Riz, Ru3, Ryg, Rysand Ry and sixteen

from the rule base i.e. Sy, Sz, S3, S4 Ss, S, S7, Ss, So, S10, S11, S12, S13, S14, S15, and S;¢and gives

the crisp value of output variables. As shown in figure-3.4

R1

R10
R11

R13
R14
R15
R18

TS RIT R

Figure-3.43 Design of defuzzifier for soap manufacturing system.
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The modeling of defuzzifier is shown in the figure-3.44; one defuzzifier contains adder,
multipliers and divider. For the soap manufacturing system we require sixteen multiplies, two

adders and one divider to implement the COA method.

S*RIT R

Es=saasniin

Figure-3.44 Design model of defuzzifier for soap manufacturing system.
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3.4.6 EXPERIMENTAL ARRANGEMENT.
The experimental arrangements for the designed soap manufacturing system is shown in figure-

3.45

KNOWLEDGE BASE

NUMERIC INPUTS

DEFUZZIFIERS
- Pl
Unguishiovaiables
VOLUME "
[ PHum |
VISCOSITY temparab __
speclnceumrg -gy
CHEMICAL §ELECTION m

Chemiosl saledion

' I
Soedtogr DISCRETE
- SYSTEM

Figure-3.45 Experimental arrangement for soap manufacturing system.
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CHAPTER-4

RESULT DISCUSSION
AND CONCLUSION

4.1 AUTONOMOUS AIR CONDITIONING SYSTEM.
The autonomous air conditioning system is designed with two inputs: Temperature, and
humidity, and two outputs: fan speed and fan spinning time. Temperature and humidity are
controlled by controlling the three valves i.e. cooling valve, heating valve and humidifying
valve. System takes feedback from sensors. Fuzzy time control rules are formed and simulated
by using the MATLAB tool box.
4.1.1 EXPERIMENTAL ARRANGEMENT.
Autonomous air conditioning system contains two inputs; temperature and humidity, for these
two inputs two fuzzifiers and two defuzzifiers are used. To verify the designed autonomous air
conditioning system we use the input fuzzy variables temperature=22°c and  humidity=30.
Corresponding to these two inputs fuzzifier gives four outputs in the form of linguistic variables;
these linguistic variables are then given to the inference engine which gives four values of R.

R;=F[1] and F[3]=0.24 and 0.2 = 0.2

R,=F [1] and F [4] =0.24 and 0.8 = 0.24

R;=F [2] and F [3] =0.76 and 0.2 = 0.2

R4=F [2] and F [4] =0.76 and 0.8 = 0.76
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For the designed model total twenty five rules are designed out of these twenty five rules four
rules are used at a time which gives four singleton values; S1, S2, S3, and S4, these singleton
values and four values of R, are given to the defuzzifiers which convert these linguistic values

into crisp values using (C.0.A.) center of average method whose mathematical form is

> Si*Ril Y Ri
Here

i=1,2,3,and 4.

4.1.2 MATLAB SIMULATION RESULTS.
MATLAB simulation results for autonomous air conditioning system exposed in figure-4.1.
Simulation results show the whole fuzzy process and also describe how the membership

functions effect on the overall results.
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Temperature.=22 Humidity=30 Fan speed=30.3 Fan spinning time=30.4
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Output plot for MATLAB simulation results are exposed in figure-4.2(a) and figure-4.2(b).

The figure-4.2(a) shows temperature and fan speed are directly proportional to each
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Figure-4.2 (a) Plot between humidity temperature and fan speed
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Figure-4.2(b) Plot between temperature,
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4.1.3 RESULTS OBTAINED FOR AIR CONDITIONING SYSTEM
MATLAB simulation results and the results obtained for design modeling corresponding to the

input variables temperature= 22, humidity=30 are specified in table-4.1.

Table-4.1 Defuzzified values for autonomous air conditioning system.

Fanspeed Fan spinning time
MATLAB simuladon | 30.3 304
result
Manual calculated values | 30 30

The error for both the values; fan speed, fan spinning time is approximately 1%

Which are quite satisfactory results and show the effectiveness of the approach.

4.1.4 CONCLUSION AND FUTURE WORK

This work presents the fuzzy time control discrete event model of autonomous air conditioning
system and shows the effectiveness of the approach. Nowadays, the trend is to make systems,
which use less energy, and give maximum efficiency. The proposed design fulfills these
conditions and provides the conservation of energy due to its time dependency that operates the
system for a specific period of time and gives the approximately same defuzzified values for
MATLAB simulation and manual calculation. The system itself provides the base to design the

other new systems using the technique of fuzzy time control discrete event systems in future.
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4.2 SYRUP MANUFACTURING SYSTEM.

Pharmaceutical industries of world are manufacturing their most of the goods in syrup form. The
proposed study relates with the designing of medicated syrup manufacturing by using the fuzzy
time control discrete event system. The system is designed with three Inputs; viscosity, specific
gravity and chemical selection and eight outputs; temperature, temperature time, mixing speed,
mixing time, valve, valve opening time, PH at current liquid temperature and PH time. System is
controlled by controlling the four parameters, valve selection, temperature monitoring unit,
mixing motor and PH control unit. System takes feed back from four sensors time control rules
are formulated and simulated by using MATLAB tool box

4.2.1 EXPERIMENTAL ARRANGEMENT.

Syrup manufacturing system contains three inputs; viscosity, specific gravity, and chemical
selection for these three inputs three fuzzifiers and eight defuzzifiers are used. To verify the
design model of syrup manufacturing the input fuzzy variable value are taken; viscosity=1.4,
specific gravity=1.7 and chemical selection=16.

Corresponding to these three inputs fuzzifiers gives six outputs in the form of linguistic
variables. Inference engine takes values from the Fuzzifier and applies min-composition and

gives the eight values of R; Rj, Ry, R3, Ry, Rs, R, R7, and Rg.

Ri=F1[3] and F>[3] and F3[3] = 0.4"0.30.4=0.3
R;=F[2] and F,[3] and F5[3] = 0.6"0.30.4=0.3
R3=F[3] and F,[2] and F5[3] = 0.4*0.7°0.4=0.4
R4=F1[2] and F,[2] and F5[3] = 0.6"0.7°0.4=0.4

Rs=F1[3] and F>[3] and F3[2] = 0.470.30.6=0.3
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R¢=F1[2] and F3[3] and F3[2] = 0.6%0.3%0.6=0.3
R;=F,[3] and F;[2] and F;[2] = 0.4°0.7%0.6=0.4

Rs=F[2] and F,[2] and F5[2] = 0.6"0.770.6=0.6

For the designed model total eight rules are designed which give eight singleton values; S1, S2,
S3, S4, S5, S6, S7 and S8 these singleton values and values of R, are given to the defuzzifieres
which convert these linguistic values into crisp values using (C.0.A.) method whose

mathematical form is

> Si*Ri/Y Ri
Here

i=1,2,3,4,5,6,7,and 8.

4.2.2 MATLAB SIMULATION RESULTS.

MATLAB simulation results for syrup manufacturing system are exposed in figure-4.3.
Simulation results show the whole fuzzy process and also describe how the membership

functions effect on the overall results.
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MATLAB simulation results for the proposed syrup manufacturing model are exposed in fig-

44.(atoi)

Plot between temperature, viscosity and specific gravity exposed in Figure-4.4(a). plot shows

temperature depends on viscosity and independent to specific gravity.

Figure-4.4(a) Plot between specific gravity viscosity and temperature for syrup
manufacturing system.
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Plot between specific gravity, viscosity and temperature time exposed in figure-4.4(b), plot

shows cooling/ heating time is independent to specific gravity and depends on viscosity.
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Flgu;?-4.4(b) Plot between specific gravity, viscosity and temperature time for syrup
manufacturing system.

Plot between viscosity, specific gravity and mixing speed exposed in Figure-4.4(c). Plot shows

mixing speed does not depend on viscosity, it depends on specific gravity.
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Figure-4.4(c) Plot between specific gravity, viscosity and mixing speed for syrup

Plot between mixing time, viscosity and specific gravity exposed in Figure-4.4(d), plot shows

manufacturing system.

rotating time depend on viscosity and independent to specific gravity.
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Plot between valve selection, viscosity, and specific gravity exposed in Figure-4.4(e), which

shows that valve opening is independent to viscosity of syrup it depends on specific gravity.

Figure-4.4(¢) Plot between specific gravity, viscosity and valve opening for syrup
manufacturing system.

Plot between viscosity, specific gravity, and PH of the syrup at current temperature exposed in

Figure-4.4(f), plot shows PH is independent to viscosity and depends on specific gravity.
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Figure-4.4(f) Plot between specific gravity, viscosity and the syrup PH for syrup
manufacturing system.

Plot between viscosity, chemical selection and temperature exposed in Figure-4.4(g) plot shows

temperature is independent to the viscosity and chemical selection.
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Figure-4.4(g) Plot between viscosity, chemical selection and temperature for syrup
manufacturing system.

Plot between mixing speed, chemical selection and specific gravity exposed in

Figure-4.4(h), plot shows mixing speed depends on chemical selection and specific gravity.
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Figure-4.4(h) Plot between chemical selection, specific gravity and mixing speed for syrup
manufacturing system.
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Plot between PH, chemical selection, and specific gravity exposed in Figure-4.4(i), plot shows

PH of syrup depends on specific gravity and independent to the chemical selection.

~
2 a g

Figuge-4.4(i) Plot between chemical selection, specific gravity and PH for syrup
manufacturing system.

4.2.3 RESULTS OBTAINED FOR SYRUP MANUFACTURING SYSTEM.

MATLAB simulation results obtained for the proposed syrup manufacturing system are exposed
in above figure-4.4(a-i). It is clear from output plot that specific gravity and viscosity influence
on the temperature, PH, and mixing speed, while the chemical selection effects on the valve
selection.

Table-4.2 shows the output defuzzified values for temperature, temperature time, mixing speed,
mixing time, valve, valve opening time, PH at current liquid temperature, PH time.

From MATLAB simulation and also the defuzzified values from manual calculation
corresponding to the input variable viscosity=1.4" specific gravity=1.7 and chemical

selected =16
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Table-4.2 MATLAB simulation results for syrup manufacturing system.

Tem. | Tem. | Mixing | Mixing | PH [PH | Valve| Valve
time |Speed | Time Time Opening
Time
MATLAB [ 40.3 |61.4 |844 614 (34 |[614 |311 |614
Simulation
Manual |42 598 |86 398 |36 |39.8 |34 398
Calculated
Values

The result obtained from MATLAB simulation and for designed model calculations are quite
satisfactory and there is small error between them.

4.2.4 CONCLUSION AND FUTURE WORK

Proposed syrup manufacturing model is an industrial application of fuzzy time control discrete
event system. Designed model is very efficient and simple in its performance and has flexibility
to adjust the input and output parameters easily according to the syrup requirement. Design
model provides the satisfactory defuzzified values from MATLAB simulation. Proposed syrup
manufacturing model provides stable state of syrup in small interval of time.

4.3 ICE CREAM MANUFACTURING SYSTEM.

Ice cream is an important and very popular dairy product which is found in many flavors. With
the development of the modern refrigeration system ice cream manufacturing has increased on
large scale in industry [19-20]. The proposed Ice-cream manufacturing plant is designed to
facilitate the ice cream manufacturing industry and provide a better and simple automated plant
for manufacturing process. Proposed ice cream manufacturing plant is designed using two

inputs; volume, and ingredient selection and six outputs; heating/cooling temperature,
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e e e e e e e
temperature time, valve selection, valve opening time, mixing speed and mixing time, time
control rules are formulated and simulated by using MATLAB tool box.

4.3.1 EXPERIMENTAL ARRANGEMENT.

Ice cream manufacturing system contains two inputs; volume and ingredient selection and six
outputs; heating/cooling temperature, temperature time, valve selection, valve opening time,
mixing speed and mixing time. In the proposed model two inputs two fuzzifiers and six
defuzzifiers are used.

To verify the designed model of ice-cream manufacturing system the input fuzzy variables’
values are taken; volume=28, ingredients selection=27. Corresponding to these two inputs
fuzzifiers gives four outputs in the form of linguistic variables. Inference engine take values from
the Fuzzifiers and apply min-max composition and gives the six values; R, Rz, R3, R4, Rs, Re.
R;=F[1]and F[3] = 0.4and 0.3= 0.3
R=F[1]and F [4] = 0.4 and 0.7= 0.4
R;=F[2]and F[3] = 0.6 and 0.3 = 0.3
Rs=F[2] and F [4] = 0.6 and 0.7 = 0.6
Rs=F[3]and F [4] = 0.3 and 0.7 = 0.3

Re=F[1]and F[2] = 0.6 and 0.4 = 0.4

For the designed model total nine rules are designed which gives six singleton values; S1, S2,
S3, S4, S5 and S6 these singleton values and values of R, are given to the defuzzifiers which

convert these linguistic values into crisp values using (C.0.A.) method whose mathematical form

is
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D Si*Ri/ Y Ri

Herei=1, 2,3, 4, 5, and 6.

4.3.2 MATLAB SIMULATION RESULTS.

MATLAB simulation results for ice cream manufacturing system exposed in figure-4.5.
Simulation results show the whole fuzzy process and also describe how the membership

functions effect on the overall results.
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Figure-4.5 Shows the MATLAB rule viewer for ice cream manufacturing system.
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MATLAB simulation results for the proposed syrup manufacturing model are shown in figure-

(atoi)

Plot between ingredient selection, volume and mixing speed exposed in Figure-4.6(a). Plot

shows mixing speed depends on volume and independent to ingredient selection.

Figure-4.6(a) Plot between mixing speed, volume and ingredient selection for ice cream
manufacturing system.

Plot between volume, ingredient selection and mixing time exposed in figure-4.6(b). Plot shows

mixing time depends on volume and independent to the ingredient selection.
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Figure-4.6(b) Plot between mixing time, volume and ingredient selection for ice cream
manufacturing system.

Plot between heating/cooling temperature, volume and ingredient selection exposed in figure-
4.6(c). Plot shows heating/cooling temperature depends on ingredient selection and independent

to the volume.

_ W
Figure-4.6(c) Plot between heating/cooling temperature, volume and ingredient selection for ice
cream manufacturing system.

Plot between temperature time, volume and ingredient selection exposed in figure-4.6(d).

Plot shows, temperature time depends on volume and independent to the ingredient selection.
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Figure-4.6(d) Plot between temperature time, volume and ingredient selection for ice cream
manufacturing system.
Plot between valve selection, ingredient selection and volume exposed in figure-4.6(e). Plot

shows, valve selection depends on the ingredient selection and independent to the volume.

Figure-4.6(¢) Plot between valve selection, ingredient selection and volume for ice cream
manufacturing system.

Plot between valve opening time, volume and ingredient selection exposed in figure-4.6(f).

Plot shows, valve opening time depends on volume and independent to the ingredient selection.
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Figure-4.6(f) Plot between valve opening time, volume and ingredient selection for ice cream
manufacturing system.

4.3.3 RESULTS OBTAINED FOR ICE CREAM MANUFACTURING SYSTEM.
MATLAB simulation results obtained for the proposed ice-cream manufacturing system exposed
in above figure-4.6(a-f). It is clear from output plot that volume influence on the heating/cooling
temperature time, mixing time and valve opening time. While the ingredient selection effect on
the valve selection.

Table-4.3 shows the output defuzzified values for heating/cooling temperature, temperature time,
mixing speed, mixing time, valve, valve opening time.

From MATLAB simulation and also the defuzzified values from manual calculation

corresponding to the input variable volume=28 and ingredient selected =27
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Table-4.3 MATLAB simulation results for ice cream manufacturing system.
Tem. |Tem. |Mixing|Mixing|valve |Valve
time |Speed |fime Opening
Time
29 |372

MATLAB (277 [572 331
Simulation i
Manual 282 |578 |55
Calculated
Values

.2
*
| S

L,
:»--at
oy

¥ |58

The result obtained from MATLAB simulation and for designed model calculations are quite
satisfactory and there is small error between them.

4.3.4 CONCLUSION AND FUTURE WORK

Proposed ice-cream manufacturing model is designed for industrial applications, using fuzzy
time control discrete event system. Design system is very efficient and simple in their
performance and has flexibility to adjust the input and output parameters easily according to the
requirement. Design model provides the satisfactory Defuzzified values from MATLAB

simulation.

4.4 SOAP MANUFACTURING SYSTEM.

Soap is an important anionic detergent which is frequently used in homes for bating, washing
and many other ways in every day life [21-22]. Soap comes in many different shapes and forms
like liquid, powder and solid bar. The soap solutions are characterized by parameters

temperature, specific gravity, PH, viscosity, volume and viscous consistency. The proposed soap
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manufacturing model is designed using fuzzy time control discrete event system in which four
inputs; volume, viscosity, specific gravity and chemical selection and eight outputs;
heating/cooling temperature, temperature time, valve selection, valve opening time, PH, PH
time, mixing speed and mixing time are used. The output variables of the system are time
dependent and discussed with non probabilistic uncertainty issues [7] and controller work on
heuristic knowledge [8] controller operate the plant ON or OFF for a specific period of time.
System takes feed back from four sensors time control rules are formulated and simulated by
using MATLAB tool box.

4.4.1 EXPERIMENTAL ARRANGEMENT.

Soap manufacturing system contains four inputs; viscosity, specific gravity, volume and
chemical selection. To verify the design model of soap manufacturing the input fuzzy variable
value are taken; viscosity=850, specific gravity=1.4, volume=10 and chemical selection=14.
Corresponding to these four inputs values fuzzifiers gives eight outputs in the form of linguistic
variables. Inference engine takes its input values from the Fuzzifiers and gives sixteen values of
Rie. Ry, Ry, R3, Ry, Rs, Rs, Ry, Rs, R, Rig, Riy, Riz, Ris, Rig, Rys, and Ry

Ry=F1[1] and F>[1] and F3[2] and F4[5] = 0.6%0.7°0.4*.5=0.4

R,=F[1] and F>[2] and F3[3] and F4[5] = 0.6%0.7"0.4".5=0.4

R3=F[1] and F>[2] and F5[2] and F4[6] = 0.6"0.7/0.4".5=0.4

R4=F[1] and F>[1] and F5[3] and F,[6] = 0.6"0.7%0.4*.5=0.4

Rs=F[1] and F>[1] and F3[2] and F4[5] = 0.6%0.7"0.4".5=0.4

R¢=Fi[1] and F,[2] and F5[3] and F4[5] = 0.670.7"0.4*.5=0.4

R7=Fi[1] andF,[1] and F3[2] and F,4[6] = 0.60.770.4".5=0.4

Rs=F[1] and F>[2] and F3[3] and F4[6] = 0.6"0.7°0.4".5=0.4
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]
Ry=F,[2] and F,[1] and F3[2] and F4[5] = 0.6"0.7°0.4".5=0.4

R¢=F[2] and F,[1] and F3[3] and F4[5] = 0.670.7"0.4*.5=0.4

R,=F[2] and F,[2] and F3[2]and F4[6] = 0.6"0.7°0.4".5=0.4

R,=F}[2] and F,[2] and F5[3] and F4[6] = 0.6"0.7°0.4*.5=0.4

R;3=F;[2] and F;[1] and F3[2] and F4[5] = 0.6"0.770.4".5=0.4

R1,=F;[2] and F,[1] and F3[3] and F4[5] = 0.6"0.770.4".5=0.4

R;5=F;[2] and F,[2] and F3[2] and F4[6] = 0.670.770.4".5=0.4

R6=F;[2] and F,[1] and F3[3] and F4[6] = 0.670.770.4".5=0.4

Here sign (*/and) represent the minimum and operation.

For the designed model total sixteen rules are designed which give sixteen singleton values; S1,
S2, S3, S4, S5, S6, S7, S8, S9, S10, S11, S12, S13, S14, S15 and S16 these singleton values and
values of R, Rj, R, R3, R4, Rs, Rs R; Rg Ry, Ryg, Ry1, Riz2, Ri3, Ris, Rys, Ryg, are given to the
defuzzifiers which convert these linguistic values into crisp values using COA method whose

mathematical form is

> Si*Ri/ ) Ri
i
Here

1=1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, and 16.

4.4.2 MATLAB SIMULATION RESULTS.
MATLAB simulation results for soap manufacturing system exposed in the figure-4.7.

Simulation results show the whole fuzzy process and also describe how the membership

functions effect on the overall results.
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Figure-4.7 MATLAB simulation rule viewer for soap manufacturing system.
MATLAB simulation results for the proposed soap manufacturing model exposed in figure-
4.8.(atol)

Plot between temperature, volume and specific gravity exposed in Figure-4.8(a). Plot shows

temperature depends on volume and independent to the specific gravity of the soap mixture.

Figure-4.8(a) Plot between specific gravity, volume and temperature for soap manufacturing
system.
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Plot between specific gravity, volume and temperature time exposed in figure-4.8(b), plot shows

~

cooling/ heating time does not depend on specific gravity it depend on the volume.

Figure-4.8(b) Plot between specific gravity, volume and temperature time for soap
manufacturing system.

-~

Plot between volume, specific gravity and mixing speed exposed in Figure-4.8(c), plot shows

mixing speed does not depend on volume, it depends on specific gravity.
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/4.8(c) Plot between specific gravity, volume and mixing speed for soap
manufacturing system.

Plot between PH, volume and specific gravity exposed in Figure-4.8(d), plot shows PH depend

on volume it does not depend on specific gravity.

Figure-4.8(d) Plot between specific gravity, volume and PH for soap manufacturing system.
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Plot between valve selection, chemical selection, and specific gravity exposed in  Figure-4.8(e),

plot shows valve opening is independent to the specific gravity of the soap it depends on

chemical selection.

Figure-4.8(e) Plot between specific gravity, chemical selection and valve opening for soap
manufacturing system.

Plot between chemical selection, specific gravity, and PH of the soap at current temperature

exposed in Figure-4.8(f), plot shows PH does not depend on the specific gravity it depends on

chemical selection.
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Figure-4.8 (f) Plot between specific gravity, chemical selection and the PH for soap
manufacturing system.
Plot between specific gravity, chemical selection and mixing speed exposed in figure-4.8(g), plot
shows mixing speed is independent to the chemical selection it depends on the specific gravity of

the soap.

Figure-4.8(g) Plot between specific gravity, chemical selection and mixing speed for soap
manufacturing system.
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Plot between temperature, chemical, specific gravity and viscosity exposed in Figure-4.8(h), plot

shows temperature depends on specific gravity and is independent to the viscosity of the soap.

Figure-4.8(h) Plot between viscosity, specific gravity and temperature for soap
manufacturing system.

Plot between temperature, volume, and viscosity exposed in Figure-4.8(i), plot shows

temperature of soap depends on viscosity it does not depend on volume of the soap.

i A
Figure-4.8(i) Plot between temperature, volume and viscosity for soap manufacturing system.
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4.4.3 RESULTS OBTAINED FOR SYRUP MANUFACTURING SYSTEM.

MATLAB simulation results obtained for the proposed syrup manufacturing system are exposed
in the above figure-4.8(a-i). It is clear from output plot that specific gravity and viscosity
influence on the temperature, PH, and mixing speed, while the chemical selection effects on the
valve selection.

Table-4.4 shows the output defuzzified values for temperature, temperature time, mixing speed,
mixing time, valve, valve opening time, PH at current liquid temperature, PH time

From MATLAB simulation and also the defuzzified values from manual calculation
corresponding to the input variable viscosity=1.4’ specific gravity=1.7 and chemical
selected =16 |

Table-4.4 MATLAB simulation results for soap manufacturing system.

Tem, | Tem. | Mixing | Mixing [PH [PH | vaive | Valve
time |Speed |tm Time Opening
Time
MATLAB |222 |62.7 |803 [62.7 |10 |62.7 [33.5 |62.1
Simulation
Manual {234 |61.6 |83 616 (1151616 [34 (616
Calculated
| Values

The result obtained from MATLAB simulation and for designed model calculations are quite

satisfactory and there is small error between them.
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4.4.4 CONCLUSION AND FUTURE WORK

Soap is an important anionic, disinfecting detergent which is frequently used in homes for bating,
washing and many other ways in every day life. Soap comes in many different shapes and forms
like liquid, powder and solid bar. Proposed soap manufacturing model is designed to facilitate
the manufacturing industry to enhance the production on large scale. Designed model is very
efficient and simple in its performance and has flexibility to adjust the input and output
parameters easily according to the soap requirement. Design model provides the satisfactory
Defuzzified values from MATLAB simulation. Proposed soap manufacturing model provides

stable state of soap in small interval of time.
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