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Message

Scientific discoveries and advancement affect our lives by providing new policies and repulations that
provide broad national direction and by new products that enhance our lives. Technology and engineering
translate scientific knowledge into action. At the same time, technological innovations often require
further research into materials, devices and processes. Englneers use the knowledge of science,
mathematics, economics and appropriate experience to find suitable solutions to the problems end
helps in creating an appropriate mathematical model for analysis.

This special issue on Enginsering and Technology 2012 of Anvikshiki brings together the latest
developments in technolopy and gives a base for the future work to be done in respective areas.

I wish the journal to be & great success,
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human values. This journal has been a guiding beacon for scientific community for numerous
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ANVIKSHIKI in field of scientific research is immense.
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Editorial Note

As my nomination as an Subject Expert and Editor for this Special Issue on Engineering &
Technology 2012, | have worked a lot to make it successful. | do whatever task is at hand to the best of
my ability. | take pride in my work and give hundred percent every time. For those submissions that
were not suitable for publication, we tried to let authors know very quickly of our decision, giving them
a chance to submit their manuscript to another journal if they so desire. | am fully aware that the
prestige and quality of aaiNVIKSHIKI Journal depends upon the altruistic participation of reviewers
and the fairness and promptness with which the review process is conducted. In this regard, | wish to
express my sincere gratitude to all board members for their nice cooperation and sudt@ained ef
However because of the increased number of submissions and the diversity of research fields involved,
we have a dffcult task ahead of us requiring a more rapid tempo of reietie same time, from now
on the authors themselves should assume their own inescapable respondibiitestitor will return
immediately any manuscript that is incomprehensible to reviewers on account of substandard grammar
and syntax.

Finally, it is a pleasure to thank my Editor in chief for their nice cooperation and valuable
suggestion. Noywve all look forward to embarking in a journey that can fIK¥IKSHIKI on to the
next plateau of excellence.

| hope you will enjoy reading this issue and we welcome your feedback .

With best regards
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Jyoti Prakash
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Introducing “Global Journal of Engineering and Technology”

Dear Colleague,

Global Journal of Engineering and Technology Research (GJET) is a multidisciplinary peer-reviewed journal published six
monthly by mpasvo Journals (http://www.onlineijra.com/gjet ). GJET is dedicated to increasing the depth of the subject

across disciplines with the ultimate aim of expanding knowledge of the subject.
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of significance and scientific excellenand will publishOriginal articles in basic and applied reseafthse studigs

Critical reviews, surveys, opinions, commentaries and essaymWte you to submit your manuscript(s) to
maneeshashukla76@gadiffmail.com for publication in the six Monthly Issue. Our objective is to inform authors of the
decision on their manuscript(s) within eight weeks of submission. Following acceptance, a paper will normally be published

in the next issue. Instruction for authors and other details are available on our welsitenlineijra.com/gjet
GJETis an Opemccess Journal

One key request of researchers across the world is unrestricted access to research publications. Open access gives a
worldwide audience larger than that of any subscription-based journal and thus increases the visibility and impact of
published works. It also enhances indexing, retrieval power and eliminates the need for permissions to reproduce and
distribute content. GJET is fully committed to the Open Access Initiative and will provide free access to all articles as
soon as they are published.
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Dr. Maneesha Shukla.
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NONLINEAR CONTROLDESIGN USINGTECHNIQUES OF FUZZY
LOGIC SYSTEM

SHEKHAR YAaDAV*, Sansay Kumar** AND J.PTiwari***

Declaration

The Declaration of the authors for publication of Research Papetdarindian Journal of Resear8hvikshiki ISSN 0973-9777
Bi-monthly International Journal of all Resear@¥e, Shekhar &dav Sanjay Kumar and J.Rwari the authors of the research paper
entitted NONLINEAR CONTROL DESIGN USINGTECHNIQUES OF FUZZYLOGIC SYSTEMdeclare that We take the
responsibility of the content and material of our papetasourself have written it and also have read the manuscript of our paper
carefully. Also, We hereby give our consent to publish our pap@nivikshiki journal ,This research paper is our original work and no
part of it or it's similar version is published or has been sent for publication anywhereestaghbrise the Editorial Board of the Journal

to modify and edit the manuscrimle also give our consent to the Editor Afivikshiki Journal to own the copyright of our research
paper

Abstract
This paper addrsses the nonlinear contrdesign poblem for a single tank, liquid level system. In this papduzzy
controller is designed and simulated exclusively to adrarsingle tank pyblem and also utilizing the advantages of the
conventional contl i.e. PID contol. The contollers also can be specificallyjun under the coumstance of system
disturbances.d@ achieve these objectives, afmtype of water level comtksystem has been built and implementations of

fuzzy logic contil algorithms ae performed. In fuzzy logic coaty Sugeno model is used to cahthe system.
Keywods: nonlinear control, fuzzy logic control, rule base, PID control.

I. Introduction
In process control systems nonlinearity is the rule rather than the exception. Most control loops such as
pressure, temperature, composition, etc., are significantly nonfiie@his may be because of
nonlinearity due to control valves, or on account of variations in process gain, time constant, and dead
time.Water level and air pressure contiisla classical problem in control engineerifigese problems
are usually analyzed in literature in separate cases, mathematical models are defined for water level or
air pressure systems, and digital control methbls.control problem becomes more complex if water
level and air pressure control are considered in one system. In such case the change of water level or air
pressure set point, changes the dynamics of the whole system and this requires the adaptation of controller
parametersiVhen water flows through pipes, the silt gathers on inner side decreasing its diameter and

*Research scholar , Electrical Engineering Department (Institufeafnology) BHUVaranasi (U.B India.
**[M.T ech.]Mechanical Engineering Department (Institut&exthnology) BHUVaranasi (U.B India.
***Professor , Electrical Engineering Department (Institutdethnology) BHUVaranasi (U.B India.
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NONLINEAR CONTROLDESIGN USINGTECHNIQUES OF FUZZYLOGIC SYSTEM

herewith the amount of flowing watéerhis feature changes the dynamics of the flow system and
stipulates an adaptation of controller parameters.

In this paper a fuzzy controllérare introduced as an alternative for the water level and air pressure
control. In the absence of §afently precise process mathematical model and in the presence of non
linearity, fuzzy logic based controusually have an advantage over conventional PID corthal.
primary control problem, considered with this control system, is regulating water level at the specified
set points.

[I. Modeling of Single @nk System
It is important to understand the mathematics of how the single tank system b&h&/essystem
modeling and it is very important part of control system analy&is.single tank system is shown in
Fig. 1. The system model is determined by relating the flount@ the tank to the flow (Qeaving
through the valve at the tank bottom. Using a balance of flows equation on the tank,

di
Qi—-Q, =4 1)

whereA is the cross section area of tank and H is the height of the fluid in the tank.

|| i Sectional Area A)

i

Walwe

o

Fig. 1A Single &nk Fluid Level System
If the valve is assumed to behave like an idea sharp edged orifice, than the flow through the valve
will be related to the fluid level in the tank, by the expression-

Q,= Cya,/2gH (2)

where a is the cross sectional area of orifiges Called the dischge coeficient of the valveThis
coeficient takes into account all fluid characteristics, losses and irregularities in the system such that
the two sides of the equation balance, and g is the gravitational constant {9 Baunétion (2) assumes
C, is constant so that @as a nonlinear relationship to the level H for all possible operating condition.
Ideally the nonlinear relation is the square root, but in a practical valve there is more complex nonlinear
equation. Combining egn. (1) and eqn. (2)-

Q=42 + Cya2gH (3)
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This equation is the mathematical model that describes the system hetmal/again we see nonlinear
things in the system model. In the tank level problem the nonlinearity is smooth and can be made linear
at a particular operating level H by using the slope of the nonlinearity at H.

[ll. PID Controller for Single &nk System
Proportional-Integral-Derivative (PID) control is the most common control algorithm used in industry
and has been universally accepted in industrial comitnelpopularity of PID controllers can be attributed
partly to their robust performance in a wide range of operating conditions and partly to their functional
simplicity, which allows engineers to operate them in a simple, straightforward maheeideal
continuous PID controller is-

1 pt de
u=K,(e+ fyexdr+ 1.5 (4)

where u is the control variable, e is the control etre constant ‘I)<is proportional gainT, is the
integral time, and  is the derivative time.

IV. Fuzzy Logic Contil for Single &nk System
The fuzzy sets concept was proposed by Zadeh in TB63uzzy algorithm can make human knowledge
into the rule base to control a plant with linguistic descriptions. It relies on expert experience instead of
mathematical model¥he advantages of fuzzy control include good popularization, high faults tolerance,
and suitable for nonlinear control systeffuzzy controller design has four parts, fuzzification, control
rule base, fuzzy inference, and defuzzificatiime block diagram of the fuzzy control system is shown
in Fig. 2.

Fuzzy Conrtroller

Fuzzy Rule
Base
L 4
e Pulse
\ . Fuzzy \ i
# Fuzzification ’ » Defuzzification .
Inference

Fig. 2.Block diagram of the fuzzy coalr

In Fuzzy control, two inputs for the system are cho$kay are an error (e) and an error derivative
(é). The error is calculated by taking thefdience between the reference signal and the current water
height. The error derivative is calculated by subtracting a previous error from the currenTleeror
output of the system is a voltage that is sent to a servo motor to control the VdleeSLigeno model
is used in the systemhe Sugeno model is computationallfi@ént, and works well with optimization
and adaptive technigues, so it is popular for control problems, in particular for dynamic nonlinear
systemsThe basic function of rule base is to represent in a structured way the control policy in the form
of a set of production rules such as :

83



NONLINEAR CONTROLDESIGN USINGTECHNIQUES OF FUZZYLOGIC SYSTEM

if <Process tte> then <Control Output>

Theif part of such a rule is called rule antecedent and is a description of a process state in terms of
a logical combination of atomic fuzzy propositionke‘then’ part of the rule is called rule consequent.

The fuzzy logic control rules are expressed under the following form:
Rule.1 If <level is okay> then <valve is no change>
Rule.2 If <level is low> then <valve is open fast>
Rule.3 If <level is high> then <valve close fast>
Rule.4 If <level is good> and <rate is negative> then <valve is close slow>
Rule.5 If <level is good> and <rate is positive> then <valve is open slow>

The first three rules are not fiafent, because the water level tends to oscillate around the desired
level. The water leves rate of change is introduced to slow down the valve movement when it get close

to the right level.

higih ks ' ', T [ T=I0E T nong p-:us*ih-a

N\ N

1 1 i
04 02 0 0z 1.4 0B 03 1 o 005 O0E -004 D02 0 002 ood oD DOs 0d

- rput arisble feyst nput wariabls reie"
Fig.3 Error Membership Function Fig.4 Change in Error Membership Function
close ast c'hﬂell_luw ' no_hergs -:pen.h'.l:' -:'lpl:nlua.'l:
| !
D: A /\ /\ /\ /\
T .0 LG 1.4 LI i 1.d e L.E L l

ciEput wEriaklE ek

Fig.5 Output Membership Function
T A B L E 1Contol Rules for Input and Output variables

e-dot Error
High Okay Low
Negative none open slow none
None close fast no change open fast
Positive none close slow none

The defuzzification operation, in this papeses the centroid defuzzification method because of its

implementation simplicity
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V. Experimental Setup and Results

The simplified of the level control system is shown in Fig.1 consists of a level transmitter and linear
control valve The level of the tank is control by using the fuzzy logic controllee level transmitter
is used for change the level to the current signal and change to voltage signaltegagight (H) of
the level tank is 2 m, cross section area (A) of tank i§ tnwoss section area (a) of orifice is 0.05 m
the initial level height of tank is 0.5 m, and the overflow sensor distance from the top is zero.

In this paper shows level control by fuzzy logic controller compared with PID controller from 10
90% of the highest level tank and taking load by increase and decrease water level in the tank are tested.

The water level tank firstly controlled by the conventional controller i.e. PID conteoligparameters
of PID controller has been tuned using zeigiehols techniqueThe parameters has been set to a
definite value so that the water in the tank should be controlled upto the desiredihegpasponse of
the water level controlled by the PID controller is shown in figure 6.

Fig.6 Process Response using PID cetiar
Now, the water level is controlled using the fuzzy logic techni@be.purpose of experiments was
to evaluate the &€iency of fuzzy controllers under fi#rent working conditions. i.e. changing reference
signals, changing plant dynamics, when the throughput of output water is decreased twice.

IR

Fig. 7Response of change irrer
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The saturation nonlinearity has been intentionally introduced within the range of 0.1 to -0.1, and the
response of the change in error due to saturation nonlinearity is shown in figjare rate of change
of error and the error is directly fed to the fuzzy rule base block and rules shown in table 1 are implemented
using Sugeno membership functidime response of the fuzzy controller is shown in figure 8.

Fig.8 Output of fuzzy logic contfler
The controlled water level in comparison with the input applied is shown in figUieeSsquare
wave of fixed amplitude and fixed frequency is applied to the system, and the rule base is design in such
a manner so that water level try to oscillate around the desired specific¢aganteresting feature of
water tank system is that the tank empties much more slowly than it fills up because of the specific
value of the outflow diameter pip&.PID controller does not have this capability

Fig.9Contolled Level of \ater Tank

VI. Conclusion
Fuzzy controller for water level control in the nonlinear plant have been synth@diezeslficient efiiciency of a fuzzy
controller is shown experimentallgontrolling the plant at diérent working conditions. It is experimentally proved that
fuzzy controller are more powerful than conventional PID controller when working conditions arglghfaarnics changes
in time. Both of fuzzy logic controller and PID controller give the smallest steady-state error
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