


“INSTECH” 

Journal of Instrumentation & Control Engineering Department 

“INSTECH” is a Technical Journal of Instrumentation & Control Engineering Department. It is 
interdisciplinary annual journal focusing papers based on students work for seminar & final year 
projects. It also includes informative papers on recent developments in the field of Instrumentation 
& their applications. 

The journal aims to maintain a rapid editorial procedure and a rigorous review system by 
faculty.Students delivering seminars on latest trends in technology and shortlisted as best in 
presentation are motivated to contribute in to the journal. Papers Based on final year project work 
on original design/ concept are also included as a paper in the journal. 

It provides platform to the students to showcase their presentation skills. The same will motivate 
student to write paper in the reputed journal. Papers then shortlisted by a committee comprising 
HOD, Project In charge, Seminar In charge and senior professors in the department.  

PRINCIPAL EDITOR: 

Prof.Vivek S. Rane 

FACULTY ADVISERS: 

1. Dr. Trimbak R .Sontakke 
2. Prof. Prashant B. Patel     
3. Prof. Arun D. Sonar 
4. Prof. Sunil K. Patil 
5. Prof. Lalit R. Chaudhari 
6. Prof. Mukesh G. Ghogare 

7. Mrs. Shubhangi  Jadhav 
8. Mrs. Rashmi  Deshpande 
9. Miss. Mayura  Sukalkar 
10. Mrs. Vinita Patil 
11. Mrs. Swati  Gaikwad 

INDUSTRY ADVISERS 

1. Mr. C.N.Shukla  2. Mr. Nitin Lokhande

EDITORIAL TEAM 

 

Arti S. Gadhave 
(Editor In Chief) 

 
Monika R. Shendkar 
 (Associate Editor) 

 
Ujjwal Kumar 

Aditya Kumar

Saiprasad Shelke (Designing) 

 



“INSTECH” 
Journal of Instrumentation & Control Engineering Department 

Volume 3, April 2014 
 

Contents 

Sr. 
No 

Title of The Paper Author/Authors Page 
No. 

1. Intelligent Fuzzy-PID and SIFLC          
Based Controllers                                    

Mukund P. Kapate, Ajinkya B. Kap 
Prof. Arun D. Sonar (Limgaokar) 

1-20 

2. Implementation of Fractional order 
PID Controllers for Industrial 
Applications.                       

Arti Gadhave, Monika Shendkar, 
Prof. Arun D. Limgaokar 

21-23 

3. Rotation Counter                                     Priyanka Dabhade, Maheshvar 
Shedasale, Prof. Prashant.B.Patel 

24-26 

4. Development of Pipeline leakage 
detection system                                 

Prashant Mulay,Hemant Tamboli, 
Prof. Mukesh G. Ghogare, 

27-38 

5. Development of Automatic Test 
Tube, Filling System                                

Prabhudas Shinde, Manoj Wagh 
Sumit Waghamare, Prof. Arun D. 
Sonar 

39-42 

6. Temperature control using 
Microcontroller                                        

Manju Krishnan, Shilpa Tapiloo, 
Prof. S. K. Patil, 

43-45 

 

 

 
 

 
 



INSTECH APRIL-2014 VOL-III

Intelligent Fuzzy-PID and SIFLC Based Controllers

Mukund P. Kapate,Ajinkya B. Kap, Prof. Arun D. Sonar(Limgaokar),
Department of Instrumentation Engineering, DYPIET, Pimpri, Pune-18

Temperature Control Systems,in general,are
sluggish systems and tend to exhibit signifi-
cant lag. Besides these, the temperature of the

system under consideration is affected by the envi-
ronmental effects like ambient temperature, Air cur-
rents, etc. Therefore temperature control of any pro-
cess poses a significant challenge to a control sys-
tem designer.The system under consideration is a de-
veloped prototype of an industrial Heating System
consisting of heat Exchanger System, enclosed in a
Heater chamber, producing required heat. System is,
by nature purely integrating with lag.So, our objec-
tive remains to maintain the chamber temperature
at a desired level, using Intelligent Control Strategy.
The Work done during the project will enable the end
user to easily exercise control over the above said pro-
cess.

keywords

Real Time Temperature Control, Intelligent Control, SI-
FLC, Fuzzy-PID Controller, MATLAB

INTRODUCTION

Temperature is an important control parameter in chemi-
cal, material and semiconductor manufacturing processes.
For example, heat exchanger, boiler, tank reactor and
melting furnace all need appropriate temperature control
system. Some of the temperature control systems have
heating and cooling control phases. They exhibit lot of
differences in their dynamic responses. The tempera-
ture control with heat as the only input is more difficult
to monitor than two phases control systems for obtain-
ing good control performance. How to design a gen-
eral purpose temperature controller with good response
speed ,smaller steady state error and overshoot for in-
dustrial implementation is still a challenging work in
control research field.Currently,the ON-OFF control and

PID control schemes are employed in the commercial
products.PID controller was proposed in 1936.It has been
widely used in industrial automatic control systems. How-
ever how to adjust the control gains is the key factor of
implementing a PID controller.If the accurate dynamic
model of a control system is available, the Ziegler and
nichols rule and IMC control strategy can be used to cal-
culate the appropriate gains. However, the heating plant
has time-delay and temperature dependence nonlinear
behaviors. It is hard to establish an accurate dynamic
model for a PID controller design. Generally, it needs
a trial-and-error process for obtaining a good control re-
sponse. When the system has external disturnance or
set-point change, its transient response may deteriorate.
It needs an online operator to readjust it or switch it to
the manual control. This is not a convenient applica-
tion and the production parameters may not maintain in
a good level during manufacturing process. Hence the
model-free intelligent control schemes have gained the re-
searcher attention. Auto-tuning PID control strategy was
proposed by Astrom and Hagglund. Hang et al proposed
some adjusting rules for the auto-tuning PID controller
employing the adaptive control technique and worked out
the performance comparison for this approach is based on
the system output response of an on-off open loop relay
control. The critical period and critical gain are found
first, and then the appropriate PID gains can be calculated
by using the Ziegler Nicholes rules.Another controller
is Fuzzy Tuned PID controller in which by using fuzzy
control rules on-line, PID parameters “KP”,” KI”,” KD”
are adjusted, which constitute a selftuning fuzzy PID
controller. PID parameters fuzzy self-tuning is to find
the fuzzy relationship between the three parameters of
PID and ”e” and ”de”, and according to the principle
of fuzzy control, to modify the three parameters in or-
der to meet different requirements for control parameters
when ”e” and ”de” are different, and to make the control
object a good dynamic and static performance.In addi-
tion, adaptive predictive temperature control strategy is
employment to design the nonlinear HVAC system for im-
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proving the temperature control performance for a wide
range of operating points. Fuzzy-PID control has success-
ful employed in a lot of industrial process. It has model
free intelligent characteristic. It has been implemented
on the industrial temperature controller based on FPGA
hardware structure, too. Recently, the fuzzy control the-
ory is used to improve the adaptability and robustness
of a PID controller. There has a lot of fuzzy PID gains
are nonlinear functions of tracking control performance.
They can be adjusted automatically based on the output
error. It can achieve better robustness, quick response and
smaller overshoot than that of a traditional PID controller.
Usually, the heater input only one-way temperature con-
trol problem has nonlinear time delay and un-symmetric
control behavior. It is difficult to estimate an appropri-
ate dynamic model for model based controller design for
achieving precise temperature control accuracy with good
transient response. Hence the model free PID control
scheme with auto tuning or gain adjustment mechanism
is the suitable approach to develop the heater input only
temperature controller. Here auto tuning and fuzzy PID
control strategies are employed to design general purpose
temperature controller for monitoring the temperature of
one hollow metal block with heater input only.

1 Basics Of Feedback Control
System

Every technical component has some function. A func-
tion can be described as a transformation of inputs to
outputs. For example it could be an amplifier that accepts
a signal from a sensor and amplifies it. Or, consider a
mechanical gear box with an input and output shaft. A
manual transmission has an input shaft from the motor
and from the shifter. When analyzing systems we will
often use transfer functions that describe a system as a
ratio of output to input.Feedback control system block
diagram figure 1 shows basic elements of a feedback
control system as represented by a block diagram. The
functional relationships between these elements are eas-
ily seen. An important factor to remember is that the
block diagram represents flow paths of control signals,
but does not represent flow of energy through the system
or process.

2 PID Controller

Proportional-Integral-Derivative (PID) control is the most
common control algorithm used in industry and has been
universally accepted in industrial control. The popularity
of PID controllers can be attributed partly to their robust

Figure 1: Block diagram of feedback control

performance in a wide range of operating conditions and
partly to their functional simplicity, which allows engi-
neers to operate them in a simple and straight forward
manner. As the name suggests, PID algorithm consists of
three basic coefficients, proportional, integral and deriva-
tive which are varied to get optimal response.

2.1 Control System

The basic idea behind a PID controller is to read a sensor,
then compute the desired actuator output by calculating
proportional, integral, and derivative responses and sum-
ming those three components to compute the output. Be-
fore we start to define the parameters of a PID controller,
we shouldl know what a closed loop system is and some
of the terminologies associated with it.

Figure 2: Block diagram of a typical closed loop system.

2.2 Definition of Terminologies

The control design process begins by defining the per-
formance requirements. Control system performance is
often measured by applying a step function as the set point
command variable, and then measuring the response of
the process variable. Commonly, the response is quanti-
fied by measuring defined waveform characteristics. Rise
Time is the amount of time the system takes to go from
10 percentage to 90 percentage of the steady-state, or
final, value. Settling time is the time required for the
process variable to settle to within a certain percentage
(commonly 5 percentage) of the final value. Steady-State
Error is the final difference between the process variable
and set point.

DYPIET Department of Instrumentation Engineering
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Figure 3: Response of a typical PID closed loop system

After using one or all of these quantities to define the per-
formance requirements for a control system, it is useful
to define the worst case conditions in which the control
system will be expected to meet these design require-
ments. Often times, there is a disturbance in the system
that affects the process variable or the measurement of
the process variable. It is important to design a control
system that performs satisfactorily during worst case con-
ditions. The measure of how well the control system is
able to overcome the effects of disturbances is referred
to as the disturbance rejection of the control system. In
some cases, the response of the system to a given control
output may change over time or in relation to some vari-
able. A nonlinear system is a system in which the control
parameters that produce a desired response at one oper-
ating point might not produce a satisfactory response at
another operating point. For instance, a chamber partially
filled with fluid will exhibit a much faster response to
heater output when nearly empty than it will when nearly
full of fluid. The measure of how well the control system
will tolerate disturbances and nonlinearities is referred to
as the robustness of the control system. Some systems
exhibit an undesirable behavior called dead time.
Dead time is a delay between when a process variable
changes, and when that change can be observed. For in-
stance, if a temperature sensor is placed far away from a
cold water fluid inlet valve, it will not measure a change in
temperature immediately if the valve is opened or closed.
Dead time can also be caused by a system or output actu-
ator that is slow to respond to the control command, for
instance, a valve that is slow to open or close. A com-
mon source of dead time in chemical plants is the delay
caused by the flow of fluid through pipes. Loop cycle
is also an important parameter of a closed loop system.
The interval of time between calls to a control algorithm
is the loop cycle time. Systems that change quickly or
have complex behavior require faster control loop rates.
Once the performance requirements have been specified,
it is time to examine the system and select an appropriate
control scheme. In the vast majority of applications, a
PID control will provide the required results.

Figure 4: Response of a closed loop system with dead time

3 PID Responses

3.1 Proportional Response

The proportional component depends only on the differ-
ence between the set point and the process variable. This
difference is referred to as the Error term. The propor-
tional gain (Kc) determines the ratio of output response
to the error signal. For instance, if the error term has a
magnitude of 10, a proportional gain of 5 would produce
a proportional response of 50. In general, increasing the
proportional gain will increase the speed of the control
system response. However, if the proportional gain is too
large, the process variable will begin to oscillate. If Kc is
increased further, the oscillations will become larger and
the system will become unstable and may even oscillate
out of control.

Figure 5: Block diagram of a basic PID control algorithm

3.2 Integral Response

The integral component sums the error term over time.
The result is that even a small error term will cause the
integral component to increase slowly. The integral re-
sponse will continually increase over time unless the error
is zero, so the effect is to drive the Steady-State error to
zero. Steady-State error is the final difference between
the process variable and set point. A phenomenon called
integral windup results when integral action saturates a
controller without the Controller driving the error signal
towards zero.

DYPIET Department of Instrumentation Engineering
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3.3 Derivative Response

The derivative component causes the output to decrease if
the process variable is increasing rapidly. The derivative
response is proportional to the rate of change of the pro-
cess variable. Increasing the derivative time (Td) parame-
ter will cause the control system to react more strongly to
changes in the error term and will increase the speed of
the overall control system response. Most practical con-
trol systems use very small derivative time (Td), because
the Derivative Response is highly sensitive to noise in the
process variable signal. If the sensor feedback signal is
noisy or if the control loop rate is too slow, the derivative
response can make the control system unstable

3.4 Tunning

The process of setting the optimal gains for P, I and D
to get an ideal response from a control system is called
tuning. There are different method of tuning the Ziegler
Nichols method will be discussed. The gains of a PID con-
troller can be obtained by trial and error method. Once an
engineer understands the significance of each gain param-
eter, this method becomes relatively easy. In this method,
the I and D terms are set to zero first and the proportional
gain is increased until the output of the loop oscillates. As
one increases the proportional gain, the system becomes
faster, but care must be taken not make the system unsta-
ble.Once P has been set to obtain a desired fast response,
the integral term is increased to stop the oscillations. The
integral term reduces the steady state error, but increases
overshoot. Some amount of overshoot is always neces-
sary for a fast system so that it could respond to changes
immediately. The integral term is tweaked to achieve a
minimal steady state error. Once the P and I have been set
to get the desired fast control system with minimal steady
state error, the derivative term is increased until the loop
is acceptably quick to its set point. Increasing derivative
term decreases overshoot and yields higher gain with sta-
bility but would cause the system to be highly sensitive
to noise. Often times, engineers need to trade off one
characteristic of a control system for another to better
meet their requirements. The Ziegler-Nichols method is
another popular method of tuning a PID controller. It is
very similar to the trial and error method wherein I and D
are set to zero and P is increased until the loop starts to
oscillate. Once oscillation starts, the critical gain Kc and
the period of oscillations Pc are noted. The P, I and D are
then adjusted as per the tabular column shown below.

Table 1: Ziegler-Nichols tuning, using the oscillation method
control P Ti Td
P 0.5 - -
PI 0.45Kc Pc/1.2 -
PID 0.66Kc 0.5 Pc Pc/8

4 Purpose Of PID

The purpose of this Project Initiation Document is to de-
fine the project, form the basis for its management and
provide a single point of reference for Project informa-
tion.It identifies responsibilities and the major activities
and resources Required on the project. It also provides
the projects program, costs and identifies the management
stages and other major control points. It also sets Out
the criteria for evaluating the success of the project. This
document will be used by the live ability Capital Projects
Steering Group, The Delivery Team, individual Project
Managers and the Community Board Projects coordinator
as a mechanism for delivering the project. It will also
be Used by the Project Manager as a baseline to moni-
tor project progress and Cost stage by stage. It will be
the tool by which the Independent Review Panel Will
evaluates the project and its success.

5 Introduction

5.1 Fuzzy Logic

The ability of a human being to find solutions for partic-
ular problematic situations is called human intelligence.
It is founded on the ability of symbolic (exact and ab-
stract expression of thoughts and interpretation of sensory
stimuli in the form of movement, speech, writing, or pic-
tures. We know from our experience that humans have
the ability to simultaneously process a large amount of in-
formation and make effective decisions, although neither
input information nor consequent actions are precisely
(firmly) defined. Our experience tells us that the level
of knowledge and gained experience has a large impact
on the actual success of human actions. Human think-
ing and decision making mechanisms represent a perfect
model, which scientists and engineers attempt to imitate
and transform into practical solutions of diverse techni-
cal and nontechnical problems.The results of striving for
such development are numerous procedures called arti-
ficial intelligence methods. For example, artificial sight
and hearing are based on the use and processing of in-
formation from cameras and microphones that is, from
technical devices whose functionality matches the human
sensory organs that is, eyes and ears. We can also include

DYPIET Department of Instrumentation Engineering
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algorithms, which contain elements of the human way
of thinking and problem solving, such as artificial neural
networks, fuzzy logic algorithms, evolutionary or genetic
algorithms, and expert systems, into the basic forms of
artificial intelligence. Fuzzy control emerged on the foun-
dations of Zadeh’s fuzzy set theory. It is a methodology
of intelligent control that mimics human thinking and
reacting by using a multivalent fuzzy logic and elements
of artificial intelligence (simplified deduction principles).
The word “fuzzy” is used here to describe terms that
are either not well-known or not clear enough, or their
closer specification depends on subjectivity, estimation,
and even the intuition of the person who is describing
these terms. The fuzzy controller block diagram is given

Figure 6: The Architecture of Fuzzy Logic

in Figure 6.5, where we show a fuzzy controller embed-
ded in a closed-loop control system. The plant outputs
are denoted by y(t), its inputs are denoted by u(t), and the
reference input to the fuzzy controller is denoted by r(t).
The fuzzy controller has four main components.

• The “rule-base” holds the knowledge, in the form of
a set of rules, of how best to control the system.

• The inference mechanism evaluates which control
rules are relevant at the current time and then decides
what the input to the plant should be.

• The fuzzification interface simply modifies the in-
puts so that they can be interpreted and compared to
the rules in the rule-base.

• The defuzzification interface converts the conclu-
sions reached by the inference mechanism into the
inputs to the plant.
Defuzzification means the fuzzy to crisp conversions.
The fuzzy results generated cannot be used as such
to the applications, hence it is necessary to convert
the fuzzy quantities into crisp quantities for further
processing. This can be achieved by using defuzzifi-
cation process. The defuzzification has the capabil-
ity to reduce a fuzzy to a crisp single-valued quan-
tity or as a set, or converting to the form in which
fuzzy quantity is present. Defuzzification can also

be called as “rounding off” method. Defuzzifica-
tion reduces the collection of membership function
values in to a single sealer quantity. Basically, one
should view the fuzzy controller as an artificial deci-
sion maker that operates in a closed-loop system in
real time. It gathers plant output data y(t), compares
it to the reference input r(t), and then decides what
the plant input u(t) should be to ensure that the per-
formance objectives will be met.To design the fuzzy
controller, the control engineer must gather informa-
tion on how the artificial decision maker should act
in the closed-loop system. Sometimes this informa-
tion can come from a human decision maker who
performs the control task, while at other times the
control engineer can come to understand the plant
dynamics and write down a set of rules about how
to control the system without outside help. These
“rules” basically say, “If the plant output and refer-
ence input are behaving in a certain manner, then
the plant input should be some value.A whole set
of such “If-Then” rules is loaded into the rule-base,
and an inference strategy is chosen, then the sys-
tem is ready to be tested to see if the closed-loop
specifications are met.

5.1.1 Fuzzy Sets

The classical set theory emphasizes one of its central
assumptions: the boundaries of classical set are required
to be drawn precisely and, therefore, set membership
is determined with complete certainty. An individual is
either definitely a member of the set or definitely not a
member of it. However, most sets and propositions are
not so neatly characterized in reality. For example, the
set of tall people is a set whose exact boundary cannot
be precisely determined. To overcome this limitation
of classical set theory, the concept of a fuzzy set was
introduced.

5.1.2 Membership Functions

As already mentioned, one of the principal motivations for
introducing fuzzy sets is to represent imprecise concepts.
Because an individual’s membership in a fuzzy set may
admit some uncertainty, we say that its membership is a
matter of degree of association. Accordingly, a person is a
member of the set ”tall people” to the degree to which he
or she meets the operating concept of ”tall.” Alternatively,
we can say that the degree of membership of an individual
in a fuzzy set expresses the degree of compatibility of
the individual with the concept represented by the fuzzy
set. Each fuzzy set is uniquely defined by a membership
function. The concept of membership function is very

DYPIET Department of Instrumentation Engineering
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important in fuzzy set theory. Naturally, the immediate
question is how to determine the membership function for
a given fuzzy set. There are two approaches to determin-
ing a membership function. The first approach is to use
the knowledge of human experts. Because fuzzy sets are
often used to formulate human knowledge, membership
functions represent a part of human knowledge. Usually,
this approach can only give a rough formula of the mem-
bership function and fine-tuning is required. The second
approach is to use data collected from various sensors to
determine the membership function. Specifically, we first
specify the structure of membership function and then
fine-tune the parameters of membership function based
on the data. Next, we describe several frequently used
membership functions: triangular membership function,
normal distribution membership function, and trapezoidal
membership function.

5.2 Rule - Base

Rules form the basis for the fuzzy logic to obtain the
fuzzy output. The rule-based system is different from
the expert system in the manner that the rules compris-
ing the rule-based system originate from sources other
than that of human experts and hence are different from
expert systems. The rule-based form uses linguistic vari-
ables as its antecedents and consequents. The antecedents
express an inference or the inequality, which should be-
satisfied. The consequent are those, which we can infer,
and is the output if the antecedent inequality is satisfied.
The fuzzy rule-based system uses IF–THEN rule-based
system, given by, IF antecedent, THEN consequent.

5.3 Formation of Rules

The formation of rules is in general the canonical rule
formation. For any linguistic variable, there are three
general forms in which the canonical rules can be formed.
They are:

• Assignment statements

• Conditional statements

• Unconditional statements

5.4 Fuzzy Inference Methods

The most important two types of fuzzy inference method
are Mamdani’s fuzzy inference method, which is the most
commonly seen inference method. This method was in-
troduced by Mamdani and Assilian (1975). Another well-
known inference method is the so-called Sugeno or Tak-
agi–Sugeno–Kang method of fuzzy inference process.
This method was introduced by Sugeno (1985). This

method is also called as TS method. The main differ-
ence between the two methods lies in the consequent of
fuzzy rules. Mamdani fuzzy systems use fuzzy sets as
rule consequent whereas TS fuzzy systems employ linear
functions of input variables as rule consequent. All the
existing results on fuzzy systems as universal approxi-
mators deal with Mamdani fuzzy systems only and no
result is available for TS fuzzy systems with linear rule
consequent.

5.5 Mamdani’s Fuzzy Inference Method

Mamdani’s fuzzy inference method is the most commonly
seen fuzzy methodology. Mamdani’s method was among
the first control systems built using fuzzy set theory. It
was proposed by Mamdani (1975) as an attempt to control
a steam engine and boiler combination by synthesizing a
set of linguistic control rules obtained from experienced
human operators. Mamdani’s effort was based on Zadeh’s
(1973) paper on fuzzy algorithms for complex systems
and decision processes. Mamdani type inference, as de-
fined it for the Fuzzy Logic Toolbox, expects the output
membership functions to be fuzzy sets. After the aggrega-
tion process, there is a fuzzy set for each output variable
that needs defuzzification. It is possible, and in many
cases much more efficient, to use a single spike as the
output membership functions rather than a distributed
fuzzy set. This is sometimes known as a singleton output
membership function, and it can be thought of as a pre-
defuzzified fuzzy set. It enhances the efficiency of the de-
fuzzification process because it greatly simplifies the com-
putation required by the more general Mamdani method,
which finds the centroid of a two-dimensional function.
Rather than integrating across the two-dimensional func-
tion to find the centroid, the weighted average of a few
data points. Sugeno type systems support this type of
model. In general, Sugeno type systems can be used to
model any inference system in which the output member-
ship functions are either linear or constant.

6 Fuzzy Adaptive Principles

Fuzzy control based on fuzzy set theory, fuzzy linguis-
tic variables and fuzzy logic inference for a computer
based control method widely used in the control field,
as an important branch of intelligent control, fuzzy con-
trol compared with the traditional control method has the
following outstanding advantages:

• No precise mathematical model of controlled object.

• Use of natural language method, the control method
is easy to grasp.

DYPIET Department of Instrumentation Engineering
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• Good robustness, and capable of a larger range of
adaptation parameter changes.

• Compared with conventional PID control, the dy-
namic response of high quality.

The principle of the conventional fuzzy controller, as
shown in Figure 3.1:

Figure 7: fuzzy control system block diagram.

In the process of industrial production, a large num-
ber of the PID algorithm, PID parameter tuning method
are used, but most of them are based on object proper-
ties.With computer technology to show people the use
of artificial intelligence will be operating personnel ad-
justment experience as knowledge is stored into the com-
puter. According to the actual situation at the scene, the
computer can automatically adjust the PID parameters,
appeared on Intelligent PID.This control must accurately
determine the model, first of all the accumulated experi-
ence and knowledge of the long-term practice of operating
personnel with control and reasoning can achieve optimal
adjustment of PID parameters.
Fuzzy concept is an effective way to solve this problem
which uses the basic theory and method, the conditions
of the rules, operating with fuzzy sets, and these fuzzy-
related information as knowledge stored in the computer
knowledge base. The use of fuzzy reasoning, automati-
cally achieve the best adjustment of the PID parameters,
which is fuzzy adaptive PID control, fuzzy adaptive PID
controller structure. But its basically the same principle.
Adaptive fuzzy PID as an input error e and error change
rate δe. e and δe meet the different time requirements
for self-tuning PID parameters online of PID parameter
changes, will constitute the adaptive fuzzy PID control,
fuzzy control rules , its structure is shown in Figure 3.2.

Figure 8: Adaptive fuzzy controller structures

PID parameter fuzzy self-tuning is to find out the rela-
tionship between the fuzzy PID three parameters e and
δe, constantly running through detection e and δe online
modification of the three parameters, based on the prin-
ciple of fuzzy control, in order to meet different e δe the
different requirements of the control parameters of the
controlled object has a good dynamic and static perfor-
mance. From all aspects of the system stability, speed of
response, overshoot and accuracy to consider kp ki the kd
role as follows:

1. Proportional coefficient kp is to speed up the re-
sponse speed of the system, and to improve the sys-
tem of regulation accuracy. kp greater the faster the
response speed of the system, the system of higher
regulation accuracy, but easy to overshoot, or even
cause system instability. kp value is too small, will
reduce regulation accuracy, so that the slow speed
of response, thus prolonging the adjustment time, so
that the deterioration in the static dynamic character-
istics of the system.

2. The coefficient ki integral role is to eliminate the
steady state error of the system. ki greater the static
error eliminate the faster, but ki is too large, in re-
sponse to the early stages of the process will produce
a windup phenomenon causing overshoot of the re-
sponse process. If ki is too small, will make the
system difficult to eliminate static error affect the
system of regulation accuracy.

3. The derivative action coefficient kd role is to im-
prove the dynamic characteristics of the system, its
main role is to suppress the deviation in the response
process to change in any direction, ahead of forecast
deviation change. Kd but too large, make the re-
sponse process in advance braking, thus prolonging
the adjustment time, but will reduce the system’s
antiinterference performance.

7 Adaptive Fuzzy PID Control
Design Ideas

PID parameter tuning must take into account the rela-
tionship between the three parameters of the different
moments.Online real-time fuzzy self-tuning PID algo-
rithm based on the current system by calculating e and
error change rate δe fuzzy rules for fuzzy reasoning, query
fuzzy matrix table to adjust the parameters. The rule bases
are created based on knowledge of control system. The
controlling surface is as shown in the following figure:

DYPIET Department of Instrumentation Engineering
7



INSTECH APRIL-2014 VOL-III

Figure 9: Surface of Rule Base

The following figures show the defined membership
functions for e, δe, kp, ki and kd. These membership
function define the range of values taken by each input
and output parameter.

Figure 10: Membership Function for Error

Figure 11: Membership Function for Change In Error

8 SIFLC Introduction

In existing fuzzy logic controllers (FLC’s), input variables
are mostly the error e and the change-of-error ė regardless
of complexity of controlled plants. Either control input
u or the change of control input δ u is commonly used
as its output variable. A rule table is then constructed on
a two-dimensional (2-D) space. This scheme naturally
inherits from conventional proportional- derivative (PD)
or proportional-integral (PI) controller. Observing that
1) rule tables of most FLC’s have skew-symmetric prop-
erty and 2) the absolute magnitude of the control input
mod u or mod δu is proportional to the distance from
its main diagonal line in the normalized input space, we
derive a new variable called the signed distance, which

Figure 12: Membership Function for Kp

Figure 13: Membership Function for Ki

is used as a sole fuzzy input variable in our simple FLC
called single-input FLC (SFLC). The SFLC has many
advantages: The total number of rules is greatly reduced
compared to existing FLC’s, and hence, generation and
tuning of control rules are much easier. The proposed
SFLC is proven to be absolutely stable using Popov cri-
terion. Furthermore, the control performance is nearly
the same as that of existing FLC’s, which is revealed via
computer simulations using two nonlinear plants.

8.1 Signed Distance Method

Typically, an FLC has two controlled inputs,namely
error(e) and the change of error( ė). It’s rule table can be
created on a two- dimensional space of the phase-plane(e,
ė) as shown in Figure 6.1. It is common for the rule
table to have the same output membership in a diagonal
direction.Additionally,each point on the particular
diagonal lines has a magnitude that is proportional to the
distance from its main diagonal line Lz. This is known
as the Toeplitz structure. The Toeplitz property is true
for all FLC types,which use the error and its derivative
terms,namely ė, ë and e(n−1) as input variables.

By observing the consistent patterns of the output

Figure 14: Membership Function for Kd
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Figure 15: Rule table with the Toeplitz structure.

memberships in Figure 6.1, there is an opportunity
to simplify the table consider- ably. Instead of using
two-variable input sets ( e, ė )it is possible to obtain the
corresponding output, u̇0 using only a single variable
input is known as the signed distance method.The method
simplifies the number of inputs in to a single input
variable known as distance, d. The distance represents
the absolute distance magnitude of the parallel diagonal
lines(in which the input set of e and ė lies) from the main
diagonal line Lz. To derive the distance, d, let Q (e0 ,
ė0) be an intersection point of the main diagonal line
and the line perpendicular to it from a known operating
point P. It can be noted that the main diagonal line can be
represented as a straight line function,i.e.

ė+ λe = 0 (1)

The distance d from point P(e1, ė1) topoint Q(e0, ė0) can
be obtained as

d =
ė+ λe√
1 + λ2

(2)

The derivation of distance input variable resulted in a one-
dimensional rule table,in contrast to a two-dimension
table required by the conventional FLC. The reduced rule
table is depicted in Table 2, where LNL, LNM , LNS , LZ ,
LPS , LPM and LPL are the diagonal lines of Table 1.
The diagonal lines correspond to the new input of this
rule table,while NL,NM,NS,Z,PS,PM and PL represent
the output of the corresponding diagonal lines. As can be
realized,the control action of an FLC is now exclusively
determined by d. It is therefore appropriate to call it
the single input FLC (SIFLC). The overall structure of
an SIFLC, derived from the signed distance method can
be depicted as a block diagram in Fig. 6.4 The input is
the distance variable d, while the output is the change
of control output u̇ 0. The final output is obtained by

multiplying u̇0(k) with the output scaling factor,denoted
as r. The output equation can be written as

u̇(k) = u̇0(k) (3)

The main advantage of an SIFLC is the significant reduc-
tion of the rules that needs to be inferred.In conventional
FLC,two inputs are fuzzified and depending on the level
of fuzzification p of e(k) and u̇(k) the number of rules to
be inferred is p2, while the distinguishing features of an
SIFLC is that it requires only p rules.

Figure 16: Derivation of distance variable.

Figure 17: The reduced rule table using the signed distance
method.

Figure 18: The SIFLC control structure.

8.2 SIFLC control surface

For an SIFLC, control surface can be conveniently re-
duced to a two-dimensional plot;it is a natural by-product
of the signed distance method,which has reduced the rules
table to a one- dimensional array.Infact,the control sur-
face of an SIFLC can be approximated as a piece wise
linear surface(PWL),if the following conditions hold:
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• the input membership function is triangular shape.

Figure 19: Input membership function

• the output member ship function is singleton shape.

Figure 20: output membership function.

• the fuzzification and defuzzification process uses
Centre of Gravity (COG) method.

Using these operating conditions,the output equation u̇o
of the SIFLC can be given as follows.

u0 =

∑2
i=−2 µiSi∑n

i=1 µi
(4)

Once the performance requirements have been speci-
fied, it is time to examine the system and select an appro-
priate control scheme. In the vast majority of applications,
a PID control will provide the required results.

9 Block Diagram Of the system

Figure 21: Block representation of system

The above shown figure is the Block Diagram of our
system.The first element is the computer. In Computer we

have MATLAB software. We needed to design a program
for controlling the temperature of the aluminum rod (con-
troller used Fuzzy-Pid with SIFLC). The control signal
from PC goes to Arduino Board. According to the set
point the controller takes the action that is when the set
point is above the process variable then supply towards
the coils is totally reduced and when it is below then the
supply will be totally given to the copper coils. There is a
temperature sensing element that is Resistance Tempera-
ture Detector (RTD) which gives the signal to the 2 wire
transmitter. This transmitter converts the signal which is
in the form of resistance in to the proportional and stan-
dard voltage. Now this voltage is given to Arduino Board.
This card connects the process instruments with the com-
puter. So in this way the temperature signal is comes in to
the computer. And by using the correct simulink program
in MATLAB the system can be monitored and controlled.

10 Specifications and figure Of
Components Used

10.1 Transmitter

Figure 22: Temperature transmitter with RTD

TYPE: Two wire.
RANGE:Calibrated range 0 - 100 and 0 - 200
INPUT: Supported Sensor eg.PT100RTD.
OUTPUT: 4-20 mA , linear with respected to the
measured temperature.
RESPONSE TIME: ¡100ms
RESOLUTION: 0,004mA (12bits)
POWER SUPPLY: 0 TO 10 Vdc, across the transmitters
OPERATING TEMPRATURE: - 40 TO 85 degree
celcius
HUMIDITY: 0 TO 90percent
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10.2 Submersible Pump

Figure 23: Submergible pump

TYPE: AC 230V
FREQUENCY: 50 HZ,
POWER: 18W HMAX, 1.6M FLMAX,
FLOW: 1200LPH.

10.3 Pipe

TYPE: Phoenix Plyurethane Pneumatic Tube(PU-6)
SIZE: 12mm*9mm
W.P: 0-10 bar
Hardness Shore 98A TUU

10.4 Aluminium Rod

It is a aluminum solid rod whose length is 135 mm and
width is 76 mm, there are 4 hollow holes 10mm each are
made to it for passing of the copper tubes which carries
water, and also there is 1 half drilled hole of 6 mm for the
RTDPT100 to be placed inside it.

10.5 Copper Tubes

The hollow holes of aluminum rod is interconnected by
the copper tube. These copper tubes with 10 mm diameter
8 gauge and are to be passed through the aluminum rod
where the holes are made. The copper tube can withstand
the heat so they are used along with aluminum rod.

Figure 24: Copper Coils are used as heating elements

10.6 Heatting Coils Or Band Heater

The heating coil or the band heater is connected to the alu-
minum rod as to give the heat to the aluminum rod. The
band heater is connected to upper portion if aluminum rod
which occupies whole aluminum rod. Here we are using
two band heaters of 1000 watt in series on the aluminum
rod. The temperature of the aluminum rod then increases
when the heater is switch on.

10.7 Tank Measurement

The water pump here we are using is an acrylic material.
The tank is rectangular in shape and can hold water up
to 25*24 cm in height.The submersible pump is placed
inside the tank and water is pumped through it when
required.

11 Detail Process Working

Our main aim is to control the temperature of the alu-
minum rod at a desired set point. Generally tempera-
ture process shows sluggish response and takes some
time to settle down. They are affected by the ambient
environment-temperature, air currents, etc. So, it be-
comes challenging for a control system designer to device
a control strategy for the temperature related processes
in the industry. Here what we have done is we took the
10/5cm aluminum rod and by using the milling machine
we obtained 4 holes on the aluminum rod and they were
10 mm each further an another hole was done it was half
drilled and was 6 mm.copper tubes were passed through
these holes as shown in figure one as an inlet and the
other as an outlet.water is continuously pumped through
the submersible pump from the tank and is used to pass
it from the copper tubes as one point will be as inlet and
the other will be as outlet and the water comes back in

DYPIET Department of Instrumentation Engineering
11



INSTECH APRIL-2014 VOL-III

same tank after circulation .we have done it so that heat
transfer takes place. The RTD pt100 was used as the
sensing element which was placed in the half drilled hole
of 6 mm.Copper coils are surrounding the aluminum rod
as shown in figure(2.1) and 230 V supply is being given
to it from the solid state relay power controller.Whenever
the temperature of the rod increases the RTD senses it
and it is further passed to 2-Wire Transmitter .Here, the
output of the it is 4-20 mA, but we wanted it in 0-5V so
we calculated the resistance value by using the ohms law
and got it as 250 ohm and further took the voltage across
it and these voltage was further given to Arduino Board.
The description of arduino board is given further. Here
we are dealing with analog input and output. The output
of transmitter was given to analog input port 4 and as the
Arduino Board is being interfaced with the LAPTOP so
the in is given to the block build in MATLAB. That is to
Arduino in and then it is given to Fuzzy-PID controller
where the pid gains are adapted by Fuzzy Controller. On
obtaining it the output range of pid block in MATLAB
is also been decided from 0-5 V .Then it is further given
to Arduino out and then it comes out as an analog output
from the port 4.There is the scope where the set point
and the actual value of the process rod temperature is
seen and is plotted. The output of Arduino Board is given
to SSR through RC network as it is in PWM Form and
then to Power controller and then it is given to the copper
coils.0-230 is been scaled in to 0-10V.In short when the
process is runned if the set point is 2 it is been scaled in
0-100centigrate is scaled in 0-5V then the red color will
shown the set point and then process variable will rise till
it as the temp rises it is represented on graph in White
color. When setpoint is less than process variable then the
supply will be totally reduced and when setpoint is more
than process variable then supply will be totally given
to the copper coils. In this way this feedback process is
being carried out.

12 Process Description

Temperature Control Systems, in general, are sluggish
systems and tend to exhibit significant lag. Besides these,
the temperature of the system under consideration is af-
fected by the environmental effects like ambient temper-
ature, air currents, etc. Therefore temperature control
of any industrial process poses a significant challenge to
a control system designer. Biochemical reactions, poly-
merization reactions, specifically, are very sensitive to
temperature and a temperature change of even 1 degree
Celcius may severely alter the end result. The system
under consideration is a prototype of an industrial heating
system consisting of copper coils as heating elements,

Figure 25: A prototype of industrial heating systems- Mini
heat exchanger

producing required heat. The temperatures inside the
aluminum rod can rise above 200 degree celcius. when
the setpoint is more than the process variable then the
maximum heating will take place for required amount of
time.RTD (Pt-100) is used to measure the temperature. A
2-Wire transmitter of Eureka is used for transmitting the
data in the 4-20 mA standard electrical signals. The trans-
mitter has digital calibration capabilities with the help of
NAMUR protocol and RS 232 serial communication. The
transmitter is calibrated to read temperatures between 0-
150 degree Celcius as 0-5 volts. A solid state relay shown

Figure 26: A Solid State Relay (SSR)

in Fig 3.1.2 is used as the final control element. SSR
controls the voltage supplied to the bulbs (0-230V) based
upon the control input (0-10V) and thereby control the
supply of the coils. Thus, the heating action can be eas-
ily controlled using the SSR.Submergible pump used to
pump the water from the tank continuously to maintain
the temperature of the rod. It works on 240V, 50Hz, and
flow capacity up to 150LPH.
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13 INTERFACING THROUGH
ARDUINO

13.1 Data Acquisition Through The
Arduino Board (Arduino mega)

13.1.1 Introduction

The Arduino Mega 2560 is a microcontroller board based
on the ATmega2560 (datasheet). It has 54 digital in-
put/output pins (of which 14 can be used as PWM out-
puts),16 analog inputs, 4 UARTs (hardware serial ports),
a 16 MHz crystal oscillator, a USB connection, a power
jack, an ICSP header, and a reset button. It contains ev-
erything needed to support the microcontroller; simply
connect it to a computer with a USB cable or power it
with a AC-to-DC adapter or battery to get started. The
Mega is compatible with most shields designed for the
Arduino Duemilanove or Diecimila.

Figure 27: Arduino mega-2660

13.1.2 Specifications Of Arduino mega-2560

Microcontroller : ATmega2560
Operating : Voltage 5V
Input Voltage : (recommended) 7-12V
Input Voltage : (limits) 6-20V
Digital I/O Pins : 54 (of which 14 provide PWM output)
Analog Input Pins : 16
DC Current per I/O Pin : 40 mA
DC Current for 3.3V Pin : 50 mA
Flash Memory : 256 KB of which 8 KB used by boot-
loader
SRAM : 8 KB
EEPROM : 4 KB
Clock Speed : 16 MHz

13.1.3 Power

The Arduino Mega2560 can be powered via the USB
connection or with an external power supply. The power

Figure 28: Arduino mega-2660

source is selected automatically. External (non-USB)
power can come either from an AC-to-DC adapter (wall-
wart) or battery. The adapter can be connected by plug-
ging a 2.1mm center-positive plug into the board’s power
jack. Leads from a battery can be inserted in the Gnd and
Vin pin headers of the POWER connector.The board can
operate on an external supply of 6 to 20 volts. If supplied
with less than 7V, however, the 5V pin may supply less
than five volts and the board may be unstable. If using
more than 12V, the voltage regulator may overheat and
damage the board. The recommended range is 7 to 12
volts.The Mega2560 differs from all preceding boards in
that it does not use the FTDI USB-to-serial driver chip.
Instead, it features the Atmega8U2 programmed as a
USB-to-serial converter.
The power pins are as follows:

• VIN. The input voltage to the Arduino board when
it’s using an external power source (as opposed to
5 volts from the USB connection or other regulated
power source). You can supply voltage through this
pin, or, if supplying voltage via the power jack, ac-
cess it through this pin.

• 5V. The regulated power supply used to power the
microcontroller and other components on the board.
This can come either from VIN via an on-board
regulator, or be supplied by US or another regulated
5V supply.

• 3V3. A 3.3 volt supply generated by the on-board
regulator. Maximum current draw is 50 mA.

• GND. Ground pins.

13.1.4 Memory

The ATmega2560 has 256 KB of flash memory for storing
code (of which 8 KB is used for the bootloader), 8 KB of
SRAM and 4 KB of EEPROM
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13.1.5 Input And Output

Each of the 54 digital pins on the Mega can be used as
an input or output, using pinMode(), digitalWrite(), and
digitalRead() functions. They operate at 5 volts. Each
pin can provide or receive a maximum of 40 mA and has
an internal pull-up resistor (disconnected by default) of
20-50 kOhms. In addition, some pins have specialized
functions:

• Serial: 0 (RX) and 1 (TX); Serial 1: 19 (RX) and
18 (TX); Serial 2: 17 (RX) and 16 (TX); Serial 3:
15 (RX) and 14 (TX). Used to receive (RX) and
transmit (TX) TTL serial data. Pins 0 and 1 are
also connected to the corresponding pins of the AT-
mega8U2 USB-to-TTL Serial chip.

• External Interrupts: 2 (interrupt 0), 3 (interrupt 1),
18 (interrupt 5), 19 (interrupt 4), 20 (interrupt 3),
and 21 (interrupt 2). These pins can be configured to
trigger an interrupt on a low value, a rising or falling
edge, or a change in value.

• PWM: 0 to 13. Provide 8-bit PWM output with the
analogWrite() function.

• SPI: 50 (MISO), 51 (MOSI), 52 (SCK), 53 (SS).
These pins support SPI communication, which, al-
though provided by the underlying hardware, is not
currently included in the Arduino language. The SPI
pins are also broken out on the ICSP header, which
is physically compatible with the Duemilanove and
Diecimila.

• LED: 13. There is a built-in LED connected to digi-
tal pin 13. When the pin is HIGH value, the LED is
on, when the pin is LOW, it’s off.

• I2C: 20 (SDA) and 21 (SCL). Support I2C (TWI)
communication using the Wire library.

The Mega2560 has 16 analog inputs, each of which
provide 10 bits of resolution (i.e. 1024 different values).
By default they measure from ground to 5 volts, though
is it possible to change the upper end of their range using
the AREF pin and analogReference() function.

• AREF. Reference voltage for the analog inputs.

• Reset. Bring this line LOW to reset the microcon-
troller. Typically used to add a reset button to shields
which block the one on the board.

13.1.6 Communication

The Arduino Mega2560 has a number of facilities for
communicating with a computer, another Arduino, or

other microcontrollers. The ATmega2560 provides four
hardware UARTs for TTL (5V) serial communication.
An ATmega8U2 on the board channels one of these over
USB and provides a virtual com port to software on the
computer (Windows machines will need a .inf file, but
OSX and Linux machines will recognize the board as a
COM port automatically. The Arduino software includes
a serial monitor which allows simple textual data to be
sent to and from the board. The RX and TX LEDs on the
board will flash when data is being transmitted via the
ATmega8U2 chip and USB connection to the computer
(but not for serial communication on pins 0 and 1).A
SoftwareSerial library allows for serial communication
on any of the Mega’s digital pins. The ATmega2560
also supports I2C (TWI) and SPI communication. The
Arduino software includes a Wire library to simplify use
of the I2C bus.

13.1.7 USB Overcurrent Protection

The Arduino Mega has a resettable polyfuse that protects
your computer’s USB ports from shorts and overcurrent.
Although most computers provide their own internal pro-
tection, the fuse provides an extra layer of protection. If
more than 500 mA is applied to the USB port, the fuse
will automatically break the connection until the short or
overload is removed. SOFTWARE IMPLEMENTATION

14 Introduction To MATLAB

Dr. Cleve Moler, Chief scientist at Math Works, Inc.,
originally wrote MATLAB, to provide easy access to ma-
trix software developed in the LINPACK and EISPACK
projects. The very first version was written in the late
1970s for use in courses in matrix theory, linear algebra,
and numerical analysis. Matlab is therefore built upon a
foundation of sophisticated matrix software, in which the
basic data element is a matrix that does not require pre-
dimensioning. Matlab is a product of The Math works,
Inc. and is an advanced interactive software package spe-
cially designed for scientific and engineering computation
.The Matlab environment integrates graphic illustrations
with precise numerical calculations and is a powerful,
easy-to-use, and comprehensive tool for performing all
kinds of computations and scientific data visualization.
Matlab has proven to be a very flexible and usable tool
for solving problems in many areas. Matlab is a high-
performance language for technical computing .It inte-
grates computation, visualization, and programming in an
easy-to-use environment where problems and solutions
are expressed in familiar mathematical notation. Typical
use includes:
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• Math and computation

• Algorithm development

• Modeling, simulation, and prototyping

• Data analysis, exploration, and visualization

• Scientific and engineering graphics

• Application development, including graphical user
interface building

MATLAB is an interactive system whose basic elements
are an array that does not require dimensioning. This al-
lows solving many computing problems, especially those
with matrix and vector formulations, in a fraction of the
time it would take to write a program in a scalar non-
interactive language such as C or FORTRAN. Mathemat-
ics is the common language of science and engineering.
Matrices, differential equations, arrays of data, plots, and
graphs are the basic building blocks of both applied math-
ematics and Matlab. It is the underlying mathematical
base that makes Matlab accessible and powerful. Mat-
lab allows expressing the entire algorithm in a few dozen
lines, to compute the solution with great accuracy in about
a second. Matlab is both an environment and program-
ming language, and the major advantage of the Matlab
language is that it allows building our own reusable tools.
Our own functions and programs (known as M-files) can
be created in Matlab code. The toolbox is a specialized
collection of M-files for working on particular classes
of problems. The Matlab documentation set has been
written, expanded, and put online for ease of use. The
set includes online help, as well as hypertext-based and
printed manuals.The commands in Matlab are expressed
in a notation close to that used in mathematics and en-
gineering .There is a very large set of commands and
functions, known as Matlab M-files. As a result solving
problems in Matlab is faster than the other traditional pro-
gramming. It is easy to modify the functions since most
of the M-files can be open. For high performance, the
Matlab software is written in optimized C and coded in
assembly language. Matlab’s two and three-dimensional
graphics are object oriented. Matlab is thus both an en-
vironment and a Matrix / vector-oriented programming
language, which enables the use to build own required
tools. The main features of Matlab are.

• Advance algorithms for high-performance numeri-
cal computations, especially in the Field of matrix
algebra.

• A large collection of predefined mathematical func-
tions and the ability to define one’s own functions.

• Two- and three-dimensional graphics for plotting
and displaying data.

• A complete help system online.

• Powerful matrix/vector-oriented high-level program-
ming language for individual applications.

• Ability to cooperate with programs written in other
languages and for importing and Exporting format-
ted data.

• Toolboxes available for solving advanced problems
in several application areas.

SIMULINK is a Matlab toolbox designed for the dynamic
simulation of linear and nonlinear systems as well as con-
tinuous and discrete-time systems. It can also display
information graphically. Matlab is an interactive package
for numerical analysis, matrix computation, control sys-
tem design, and linear system analysis and design avail-
able on most CAEN platforms (Macintosh, PCs, Sun, and
Hewlett-Packard). In addition to the standard functions
provided by Matlab, there exist large set of toolboxes, or
collections of functions and procedures, available as part
of the Matlab package.

14.1 MATLAB Identification Tools

14.2 System Identification

System Identification allows you to build mathematical
models of a dynamic System based on measured data.
HOW IS THAT DONE?
Essentially by adjusting parameters within a given model
until its output Coincides as well as possible with the
measured output. HOW DO I GET STARTED?
If you are a beginner, browse through Chapter and then try
out a couple of the data sets that come with the toolbox.
Use the graphical user interface (GUI) and check out the
built-in help functions to understand what you are doing.

14.3 Common Terms Used In System
Identification

This section defines some of the terms that are frequently
used in System Identification.

• Estimation Data is the data set that is used to fit a
model to data. In the GUI this is the same as the
Working Data.

• Validation Data is the data set that is used for model
validation purposes. This includes simulating the
model for these data and computing the Residuals
from the model when applied to these data.
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• Model Views are various ways of inspecting the
properties of a model. They Include looking at zeros
and poles, transient and frequency response, and
Similar things.

• Data Views are various ways of inspecting proper-
ties of data sets. A most Common and useful thing
is just to plot the data and scrutinize it. So-called
outliers could be detected then. These are unreliable
Measurements, perhaps arising from failures in the
measurement Equipment. The frequency contents of
the data signals, in terms of period grams or spectral
estimates, is also most revealing to study.

14.4 The Basic Steps of System
Identification

The System Identification problem is to estimate a model
of a system based on Observed input-output data. Several
ways to describe a system and to estimate Such descrip-
tions exist. This section gives a brief account of the
most important approaches.The procedure to determine a
model of a dynamical system from observed input-output
data involves three basic ingredients:

• The input-output data

• A set of candidate models (the model structure)

• A criterion to select a particular model in the set,
based on the information in the data (the identifica-
tion method)

The identification process amounts to repeatedly selecting
a model structure, computing the best model in the struc-
ture, and evaluating this model’s Properties to see if they
are satisfactory. The cycle can be itemized as follows:

1. Design an experiment and collect input-output data
from the process to be identified.

2. Examine the data. Polish it so as to remove trends
and outliers, select useful portions of the original
data, and apply filtering to enhance important fre-
quency ranges.

3. Select and define a model structure (a set of candi-
date system descriptions) within which a model is to
be found.

4. Compute the best model in the model structure ac-
cording to the input-output data and a given criterion
of fit.

5. Examine the obtained model’s properties

6. If the model is good enough, then stop; otherwise
go back to Step 3 to try another model set. Possibly
also try other estimation methods (Step 4) or work
further on the input-output data (Steps 1 and 2).

The System Identification Toolbox offers several func-
tions for each of these Steps. For Step 2 there are routines
to plot data, filter data, and remove trends in Data. For
Step 3 the System Identification Toolbox offers a variety
of nonparametric models, as well as all the most com-
mon black-box input-output and state-space structures,
and also general tailor-made linear state-space models
in discrete and continuous time. For Step 4 general pre-
diction error (maximum likelihood) methods as well as
instrumental variable methods and sub-space methods are
offered for parametric models, while basic correlation
and spectral analysis methods are used for nonparamet-
ric model structures.To examine models in Step 5, many
functions allow the computation and Presentation of fre-
quency functions and poles and zeros, as well as simula-
tion and prediction using the model. Functions are also
included for Transformations between continuous-time
and discrete-time model Descriptions and to formats that
are used in other MATLAB toolboxes, like the Control
System Toolbox and the Signal Processing Toolbox.

14.5 The Big Picture

The System Identification Toolbox provides a graphical
user interface (GUI) . The GUI covers most of the tool-
box’s functions and gives easy access to all Variables that
are created during a session. It is started by typing ident
In the MATLAB command window.The Model and Data
Boards System Identification is about data and models
and creating models from data. The main information and
communication window ident, is therefore Dominated by
two tables:

• A table over available data sets, each represented by
an icon.

• A table over created models, each represented by an
icon.

These tables will be referred to as the “Model Board” and
the “Data Board” in This chapter. You enter data sets into
the Data Board by

• Opening earlier saved sessions.

• Importing them from the MATLAB workspace.

• Creating them by detraining, filtering, selecting sub-
sets, etc., of another Data set in the Data Board.
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Figure 29: Identification Tool

Imports are handled under the pop-up menu Data while
creation of new data A set is handled under the pop-up
menu Preprocess. “Handling Data” deals with this in
more detail. The models are entered into the summary
board by

• Opening earlier saved sessions.

• Importing them from the MATLAB workspace.

• Estimating them from data.

Imports are handled under the pop-up menu Models,
while all the different Estimation schemes are reached
under the pop-up menu Estimate. More about This in
“Estimating Models”. The Data and Model Boards can be
rearranged by dragging and dropping. More boards open
automatically when necessary or when asked for (under
Menu Options).
The Validation Data:
The two model views Model Output and Model Residuals
illustrate model Properties when applied to the Valida-
tion Data set. This is the set marked in The box below
these two views. To change the Validation Data, drag and
drop Any data set from the Data Board on the Validation
Data icon. It is good and common practice in identifi-
cation to evaluate an estimated Model’s properties using
a “fresh” data set, that is, one that was not used for The
estimation. It is thus good advice to let the Validation
Data be different From the Working Data, but they should
of course be compatible with these.From figure 7.2 the
transfer function of the reference model is obtained from
the identification tool.Also the best fit is examined by
adding different tools.Approximately 93 percent best fit
is achieved and the second order transfer function with
time delay, poles and zeros was obtained.

Figure 30: Model Transfer Function With Best Fit
sss

14.6 Getting Input-Output Data into the
GUI

The information about a data set that should be supplied
to the GUI is as Follows:

• The input and output signals

• The name you give to the data set

• The sampling interval In addition to this mandatory
information, you may add further properties that
Will help in the bookkeeping:

• The starting time for the sampling

• Input and output channel names

• Input and output channel units

• Periodicity and inters ample behavior of the input

• Data notes: These are notes for your own informa-
tion and bookkeeping that Will follow the data and
all models created from them.

Handling Data As you select the pop-up menu Data and
choose the item Import, a dialog box Will open, where
you can enter the information items, just listed. This box
Have five fields for you to fill in The usage of simulation
software packages for modeling, simulation, and opti-
mization of control systems has become a part of regular
engineering practice. Recently added features of such
software packages like a possibility to generate real-time
executable code directly from simulation models enabled
shorter development times and faster validation of new
control solutions. The solutions developed with the world
standard software packages like Matlab, Matrix, become
transparent to a large number of users. Respecting the
fact that Matlab + Simulink is one of the most popular
and worldwide used simulation software packages, in this
project we used fuzzy control systems whose simulation
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Figure 31: The Dialog for Importing Data

models are built by using Matlab. Since Matlab contains
the Fuzzy Logic Toolbox (FLT) that allows the designer
to create and test new fuzzy control designs, we give a
short description of basic features of the Matlab Fuzzy
Logic Toolbox needed for the successful usage of the
tool.

15 Features Of MATLAB Fuzzy
Logic Toolbox

Matlab FLT is a program tool for working with fuzzy
logic systems. FLT contains four main Tools: FIS (Fuzzy
Inference System) Editor, Membership Functions Editor,
Rule Editor, and Rule Viewer.

15.1 FIS Editor

The FIS Editor is a tool in FLT, where the number of
inputs, names of input, and output variables, as well as
the type of fuzzy controller (Mamdani or Sugeno) is de-
termined. Selection of a Mamdani-type fuzzy controller
assumes that linguistic values of the output variable are
regular fuzzy sets. Selection of a Surgeon -type fuzzy con-
troller assumes that linguistic values of the output variable
are singletons .The FIS editor also serves for selection
of a fuzzy inference method and it enables the choice of
aggregation operator that gives a different type of a com-
positional output fuzzy set. The max-type aggregation
leads toward the center of area (COA) defuzzification,
while the sum type aggregation leads toward the center of
gravity (COG) defuzzification The fuzzy controller struc-
ture is stored in a so-called FIS matrix. The connection
between FLT and Simulink may be accomplished by read-
ing the FIS matrix from the Matlab command window,
followed by a list of all FIS matrix elements, or by saving

Figure 32: FIS Editor

the fuzzy controller structure created with FIS editor into
the Matlab workspace[5].

15.2 Membership Function Editor

Membership function editor enables definition of mem-
bership function forms for the inputs And the output, and
allows settings of boundary parameters for each mem-
bership function. The designer can choose from eleven
standard functions (triangle, trapeze, bell, Z-shape, S
shape, Gauss, etc.). The tool allows definition of the func-
tions range, name of functions, and the range of display.
Also, new membership functions can be added.

Figure 33: Membership Function Editors

15.3 Rule Editor

Rule Editor serves for insertion of new fuzzy rules. Rules
can be inserted in forms of text, Symbols or indices. Be-
fore insertion of rules, fuzzy membership functions must
be defined.

15.4 Rule Viewer

Rule viewer is a tool that provides a more detailed insight
into the fuzzy inference process of A DISO fuzzy con-
troller. Each row represents one fuzzy rule containing
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Figure 34: Forms of Fuzzy Membership Functions

Figure 35: Rule Editor

two input membership functions and one output member-
ship function. In this way all fuzzy rules create a table
with three corresponding columns. Actual values of fuzzy
controller inputs, depending on selected features of fuzzy
inference, yield different contributions to the crisp fuzzy
controller output, which can be simultaneously registered
in the Rule Viewer window. This tool allows the designer
to make analysis of the inference system and decide about
the controller parameter settings.

Figure 36: Rule Viewer

16 Response of Fuzzy-PID

The prototype of heat exchanger described earlier is in-
terfaced through arduino board to PC. In PC we have our
controller ready to control temperature of alluminium rod.
The Fuzzy adaptive PID controlle is used for this purpuse.
The results obtained are satisfatory. Even the response
for step change is also satisfactory. Set point tracking is
also achieved very effectively. The settlng timing is more.
The overall resoponse obtained is as shown in figure 8.1

Figure 37: Response of Fuzzy-PID

17 Response of Fuzzy-PID with
SIFLC

This configuration of controller involves fuzzy-PID with
SIFLC. This is done to achieve setpoint tracking as well
as less settling time. The results obtained are improved
in this case than that of the previous controller. Overall
response of this controller is as shown in following fig-
ure8.2

Figure 38: Response of Fuzzy-PID with SIFLC

18 Conclusion

Main goal of our project is to maintain temperature of
aluminum block at desired set point as that of barrel
heaters used in injection molding system. We devel-
oped MATLAB based real-time control implementation
of the of aluminum block using Arduino Mega2560. Con-
trol System for Controlling Temperature of block Using
Fuzzy-PID Controller. Since, temperature control pro-
cess is a very sluggish, design and testing of control sys-
tem is a bit challenging task. It is observed that using
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Fuzzy-PID controller we can successfully improve the
PID controllers ability to handle disturbances .The great-
est learning experience in this project comes from the
design of Fuzzy rules. Here we have successfully imple-
mented the controller that gives better performance than
PID controller.Use of fuzzy-PID improves response of
PID Controller but fives Higher overshoot and oscillates
for sometimes. Hence, It is observed that the by adding
a Single input fuzzy logic controller in series with the
Fuzzy-PID Controller reduces overshoot as well as os-
cillation at the setpoint.The system was modeled using
System Identification Toolbox of MATLAB, and a PID
controller was designed for the model. Then the system
was run in closed loop configuration with Fuzzy-PID con-
troller. After the Fuzzy-PID the system is controlled by
means of Fuzzy-PID with SIFLC controller and the re-
sponses had achieved with concluding that the fuzz-PID
with SIFLC response is more accurate but sluggish than
the conventional Fuzzy-PID controller.
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Controllers:Theory, Design and Tuning. In-
strument Society of America, 2 edition, 1995.

[3] Wikipedia.(n.d.) User Datagram Protocol.
Retrieved from http://en.wikipedia.org/:
http://en.wikipedia.org/wiki/UserDatagram
Protocol

[4] T. J. Ross, Fuzzy Logic with Engineering Ap-
plications, 2nd Edition, John Wily and Sons,
Ltd.

[5] M.E.H. Amrani, R.M. Dowdeswell, P.A.
Pazne and K.C. Persaud, ”Pseudorandom bi-
nary sequence interrogation techique for gas
sensors”, Sensors and Actuators B, vol. 47,
pp. 118-124, 1998.

[6] S. Engelberg and H. Benjamin, ”Pseudo-
random sequences and the measurement of
the frequency response”, IEEE Instrum. and
Meas. Mag, vol. 8., pp. 2005.

[7] Byung-Jae Choi, Seong-Woo Kwak, and
Byung Kook Kim,Design and Stability Analy-
sis of Single-Input Fuzzy Logic Controller,

IEEE TRANSACTIONS ON SYSTEMS,
MAN, AND CYBERNETICS—PART B: CY-
BERNETICS, VOL. 30, NO. 2, APRIL 2000

[8] K.Ishaque n,S.S.Abdullah,S.M.Ayob,Z.Salam,A
simplified approach to design fuzzy logic
controller for an underwater vehicle. Ocean
Engineering38(2011)271–284

[9] Y.B.Khare,“PID Control of Heat Exchanger
System,” vol. 8, no. 6, pp. 22–27, 2010.

[10] J. Jantzen,“Tuning Of Fuzzy PID Controllers,”
vol. 871, no. 98, pp. 1–22, 1999.

DYPIET Department of Instrumentation Engineering
20



INSTECH APRIL-2014 VOL-III

Implementation of Fractional order PID Controllers
for Industrial Applications

Arti Gadhave,Monika Shendkar,Prof. Arun D.Limgaokar,
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In Fractional PIλDµ controller, the orders λ and
µ of the integral and derivative parts respectively,
are fractional. The purpose of Designing Frac-

tional Order controller is to take the advantage of in-
troduction of these two parameters (λ and µ) as ad-
ditional specifications for design, ensuring a robust
performance of the controlled system with respect to
gain variations and noise.The Purpose of our work
is to study the tuning and auto-tuning the PIλDµ

controller fulfill five different design specifications
namely kp, ki, kd,λ and µ.

INTRODUCTION

The Fractional Controller is Used to increase the speed of
the response, and to decrease the steady-state error and
relative stability, for proportional action;to increase the
relative stability and the sensitivity to noise, for derivative
action;to eliminate the steady-state error and to decrease
the relative stability , for integral action.If system descrip-
tion is in 1st , 2nd order then we can use Conventional
PID controller But if system description is in fraction
then we can’t use Conventional PID controller, instead
we need to use fractional PID controller. Mostly he com-
plete description of the system is in a fractional order, at
that time we need a fractional controller.

1 A tuning method for fractional
order PIλDµ controllers

1.1 Design specifications and tuning
problem

To design a fractional order controller the system fulfills
different specifications regarding robustness to plant un-
certainties, load disturbances and high frequency noise.
For that reason, specifications related to phase margins,

sensitivity functions and robustness constraints are go-
ing to be considered in this design method, due to their
important features regarding performance, stability and
robustness. Of course, other kinds of specifications can
be met, depending on the particular requirements of the
system. Therefore, the design problem is formulated as
follows:

• Phase margin (φm) and gain crossover frequency
(ωcg) specifications:

Gain and phase margins have always served as important
measures of robustness. It is known that the phase margin
is related to the damping of the system and the equa-
tions that define the phase margin and the gain crossover
frequency are

|C(jωcg)G(jωcg)|dB = 0dB (1)

arg(C(jωcg)G(jωcg)) = −π + φm (2)

• Robustness to variations in the gain of the plant:

(
d(arg(F (s)))

dω
)ω=ωcg = 0 (3)

This condition forces the phase of the open-loop system
F(s)=C(s)H(s) to be flat at ωcg and hence to be almost
constant within an interval around ωcg. It means that the
system is more robust to gain changes and the overshoot
of the response is almost constant within a gain range
(iso damping property of the time response). It must be
remarked that the interval of gains for which the system
is robust is not fixed with this condition. That is, the
user cannot force the system to be robust for a particular
gain range. This range depends on the frequency range
around ωcg for which the phase of the open-loop system
keeps flat. This frequency range will be longer or shorter,
depending on the resulting controller and the plant.

• High frequency noise rejection:
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A constraint on the complementary sensitivity function T
can be established:

|T (jω) = C(jω)G(jω)

1 + C(jω)G(jω)
|dB ≤ AdB (4)

∀ω ≥ ωtrad/s⇒ |T (jωt)|dB = AdB (5)

with A the desired noise attenuation for frequencies
ω ≥ ωt rad/s.

• To ensure a good output disturbance rejection:

constraint on the sensitivity function S can be defined:

|S(jω) = 1

1 + C(jω)G(jω)
|dB ≤ BdB (6)

∀ω ≤ ωsrad/s⇒ |S(jωs)|dB = dB (7)

with B the desired value of the sensitivity function for
frequencies ω ≤ ωs rad/s (desired frequency range).

• Steady-state error cancellation:

As stated before, the fractional integrator s−λ is, for
steady-state error cancellation, as efficient as an integer
order integrator.So,the specification of null steady state-
error is fulfilled with the introduction of the fractional
integrator, properly implemented.

1.2 Fractional order transfer function

After characterization of plant the generalized transfer
function of this controller is given by

G(s) =
(b1 ∗ sγ1 + b2 ∗ sγ2 + ...+ bm ∗ sγm)

(a1 ∗ sβ1 + a2 ∗ sβ2 + ...+ am ∗ sβm))
(e−τs)

(8)
By Applying the optimization method,the fractional
PIλDµ controller obtained to control the system is

C(s) = kp+
ki

sλ
+ kd ∗ sµ (9)

Simulation of fractional order PID
controller without tunning

function y=my_obj2(x)
assignin(’base’,’Kp’,x(1));
assignin(’base’,’Ki’,x(2));
assignin(’base’,’Kd’,x(3));
assignin(’base’,’L’,x(4));
assignin(’base’,’M’,x(5));
[t,x,y1]=sim(’cxfpid’,[0,15]);
y=y1(end);

Figure 1: Simulink model of FOPID controller without tunning

Figure 2: Scope of output

Figure 3: Scope of ITAE
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Simulation of fractional order PID
controller with tunning-autotunning

function y=my_obj2(x)
assignin(’base’,’Kp’,x(1));
assignin(’base’,’Ki’,x(2));
assignin(’base’,’Kd’,x(3));
assignin(’base’,’L’,x(4));
assignin(’base’,’M’,x(5));
[t,x,y1]=sim(’cxfpid’,[0,15]);
y=y1(end);

Figure 4: Simulink model of FOPID controller with tunning-
autotunning

Figure 5: Scope of output

Figure 6: Scope of ITAE

Conclusion

We have studied the preliminary requirement for frac-
tional order PID controller based on simulation by using
MATLAB.we successfully loaded FOMCON toolbox in
MATLAB and tested it.from that we developed the auto-
tuning by ITAE method of fractional order PID controller
for the stability of system. In future,we have planned to
worked on the same topic in real time application
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Rotation Counter
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The Rotation Counter which helps you to mea-
sure resolution per minute(rpm)of any rotating
object.As it requires measurement of very high

rpm,a fast switching device like reed switch is used.A
small round magnet is mounted on the blade to ac-
tivate the reed switch on each rotation.Reed switch
plays very important role in this so this circuit has
been successfully tested upto ’6000’ rpm but it can
measure even beyond that.

INTRODUCTION

The rotation counter which helps you measures the rev-
olutions per minute (rpm) of any rotating object. As it
requires measurement of very high rpm, a fast switching
device like a reed switch is used. A small round magnet
is mounted on the blade to activate the reed switch on
each rotation. Reed switch plays very important role in
this.Basically this project is divided in two parts: first
part of this circuit is timer circuit which is design for
“Thirty Sec” time duration. For designing of timer circuit
is done by using “timer IC 555”, and resistors and capac-
itors value are select in according with one minute time
duration.
Now the second main part of this circuit counter circuit
which is designed by using a four digit counter seven
segment display driver “Ic 74c926”. Along with this IC
four common cathode 7-segment displays are used. It
have multiplexed display feature. A maximum of 9999
digits can be counted and shown on disp1 through disp4.
In this project opto-coupler IC is used which named as
MCT2E. it is used to isolate the counter and provide a
clock pulse to counter ic. Also along with this the circuit
is mainly built around a 5v regulator supply. So because
of that 7805 voltage regulator is used.

1 BLOCK DIAGRAM

2 CIRCUIT BLOCK DIAGRAM

Figure 1: CIRCUIT BLOCK DIAGRAM

2.1 RESET CIRCUIT BLOCK DIAGRAM

Figure 2: RESET CIRCUIT BLOCK DIAGRAM
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2.2 CIRCUIT DIAGRAM

Figure 3: TIMER CIRCUIT

2.3 GENERALISED DIAGRAM

Figure 4: GENERALISED DIAGRAM

2.4 COUNTER

Figure 5: COUNTER CIRCUIT

WORKING

The circuit diagram of rotation counter is built around
5v regulator 7805 (IC1), an opto-coupler MCT2E (IC2),
4 digit counter with 7-segment display driver74c926
(IC3), four common cathode 7-segment displays LTS543
(DISP1-DISP4), reed switch connected at rs1 and a small
magnet. Opto-coupler IC2 is used to isolate the counter
and provide a clock pulse to counter IC3.it counts a pulse
when contacts of the reed switch touch each other due
to the magnet that comes nearly it at each rotation. At
each rotation the magnet and reed switch face each other
twice and the contact get closed, which causes LED in
the opto-coupler to turn on and drive the transistor. This
brings clock pulse equal to the number of rotations at the
CLK pin of 12 of four digit counter (IC3). IC3 is used to
count the clock receive by Opto-coupler IC2 and display
them on four common cathode seven segment display
(dis1-dis4). To get output in rpm we design timer for
thirty sec time duration. When timer starts it will pass
CLK pulse towards the optocoupler ic2. This CLK pulse
directly proportional to revolution. For one revolution
we get two CLK pulses so, thats why time duration is
thirty sec. IC3 has a four digit counter, an internal out-
put latch, NPN outsourcing driver for a seven segment
display and an internal multiplexing circuitry with four
multiplexing output. The multiplexing circuit has its own
free running oscillator and does not require external clock.
The counter advances on negative edge of the clock. A
“high” signal on display select input select the number
in the output latch to be displayed A maximum of 9999
digits can be counted and shown on dis1 through dis4 a
high signal at reset pin 13 of IC3 turns all the output to
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zero. So the display shows 0000 when you press the reset
switch S2 momentarily. The power supply use for the
circuit is 5v, which is derived from a 12v battery whose
voltage is reduced through regulator ic1 to produce 5v
regulated power supply. Alternatively, you can use a 12
volt adaptor for powering the circuit when battery is not
available. Now press reset switch s2 momentarily. The
display shows 0000. Switch on the motor and note the
displayed reading after one minute to see the rpm. Photo-
graph of the system is shown in Fig 5. The left part and
the right part shows the signal conditioning part and the
microcontroller respectively.

ADVANTAGES and
DISADVANTAGES

2.5 ADVANTAGES

• Switching cycle of reed switch is very fast.
• Multiplex display system.
• Basically use to measure angular speed.
• Accuracy is high.
• The circuit is successfully tested up to 6000 rpm but it
can measure beyond that.
• High reliability.

2.6 DISADVANTAGES

• The number of magnet is directly proportional to output
which is shown in display.
• To see the output wait for one minute.
• Cost is increase because of the counter IC74C926.

CONCLUSION

The objective of this project was to design a circuit not
only for application as well as study point of view. The
design outlined in this paper suggests that this can be
achieved with high levels of operation and efficiency.
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Development of Pipeline leakage detection system

Prashant S. Mulay,Hemant D. Tamboli,Prof. Mukesh G. Ghogare,
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To solve the problem of pipeline leak detection
the technique which based on hardware are
too expensive to be used widely, but technique

based on software are generally simple in principle
and easy to realisation. According to the experiment
purpose, negative pressure wave method and flow
rate method are used together to detect the leak in
time and locate the leak point. Advantage DAQ board
is used to acquire pressure and flow flux, wavelet
transform is utilized to analyze the test data; the soft-
ware of the monitoring system is developed by Na-
tional Instruments graphical programming language
LabVIEW. The wavelet transform is used to analyzed
the data (pressure, flow and flux), the location of
the leak point is calculate by the locating formula of
negative pressure wave. It can be detect and locate
pipeline leak point in time.

keywords

Pipeline leakage, Negative Pressure wave, Flow Flux,
LabVIEW

INTRODUCTION

In industry pipelines is very important for transmission
of materials and we transmits different materials like gas
and liquid. So leak detection system plays important role.
There are Different leak detection methods are applied
to monitor the integrity of a pipeline. There are a variety
of methods that can detect natural gas pipe line leaks,
ranging from manual inspection using trained dogs to
advanced satellite based hyper spectral imaging. The
various methods can be classified into non-optical and
optical methods. The primary non-optical methods in-
clude acoustic monitoring; gas sampling, soil monitoring,
flow monitoring, and software based dynamic modeling.
Acoustic monitoring techniques typically utilize acoustic
emission sensors to detect leaks based on changes in the

background noise pattern. The advantages of the system
include detection of the location of the leaks as well as
non-interference with the operation of the pipelines. In
addition, they are easily ported to various sizes of pipes.
However, a large number of acoustic sensors is required
to monitor an extended range of pipelines.When a leak
occurs a rarefaction wave is produced in the pipeline
contents. The wave propagates both upstream and down-
stream from the leak site. The wave travels with speed
equal to the speed of sound in the pipeline contents. Pres-
sure transducers can be used to measure pressure gradient
with respect to time. Usually two sensors are used for
each pipeline segment to help discriminate between noise
and externally caused pressure drops.But we prefer nega-
tive pressure and flow flux method for leak detection be-
cause of their simplicity and time consuming method.Our
need to transport fluids from the point of production to the
area of end use has led to a rapid increase in the number of
pipeline being designed and constructed. Many of these
carry toxic and hazardous products, of ten close to cen-
ter so High population or through area so high sensitive.
With the need to safeguard these lines, on-line monitor-
ing is becoming 24 hours surveillan with the impute data
required to enable the monitoring to be accomplished
with the minimum of downtime.The latest systems are
capable of resolving down to 1pecentage of maximum
rate flow with a response time of a few minutes. Practical
experience verifies this figure but the total cost of such a
system could be high. The system therefore becomes a
compromise, between responses.Many pipelines are oper-
ated for a number of years with no regard to any possible
mechanical changes occur the line. Some of the prod-
ucts may be corrosive, the pipeline may be left partially
full for period so time, or atmospheric effects may cause
external damage. These three reasons are responsible
for pipeline corrosion and this may give reset corrosions
“pits” developing along the line. These are small in nature
and could be responsible for material imbalances over a
period of time. Very accurate flow metering can be use
to detect this as discussed in then extsection. Abrasive
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fluid so are dust-laden gas streams can give rise pipeline
weir. Again, this is a slow process, but should a weaks
pot develop (more of tenth an not close to a change in
direction or section) then a pipe break may occur very
rapidly and totally unexpectedly.

1 Rules and Regulations

Some countries formally regulate pipeline operation.

1.1 APIRP 1130 "Computational Pipeline
Monitoring for Liquids" (USA)

This recommended practice (RP)focuses on the design,
implementation, testing and operation of LDS that use an
algorithmic approach. The purpose of this recommended
practice is to assist the Pipeline Operator in identifying
issues relevant to the selection, implementation, testing,
and operation of an LDS. LDS are classified into inter-
nally based and externally based. Internally based sys-
tems utilize field instrumentation (e.g. for flow, pressure
and fluid temperature) to monitor internal pipeline param-
eters; these pipeline parameters are subsequently used
for inferring a leak. Externally based systems use local,
dedicated sensors.

1.2 TRFL (Germany)

TRFL is the abbreviation for “Technische Regel fürFern-
leitungsanlagen” (Technical Rule for Pipeline Sys-
tems).The TRFL summarizes requirements for pipelines
being subject of official regulations. It covers pipelines
transporting flammable liquids, pipelines transporting
liquids that are dangerous for water, and most of the
pipelines transporting gas. Five different kinds of LDS or
LDS functions are required:

• Two independent LDS for continuous leak detection
during steady-state operation. One of these systems
or an additional one must also be able to detect leaks
during transient operation, e.g. during start-up of the
pipeline

• One LDS for leak detection during shut-in operation

• One LDS for creeping leaks

• One LDS for fast leak location

2 REVIEW OF LEAK DETECTION
METHODS

Different leak detection methods are applied to mon-
itor the integrity of a pipeline.There are a variety of
methods that can detect natural gas pipe line leaks,
ranging frommanual inspection using trained dogs to
advanced satellite based hyper spectral imaging. The
various methods can be classified into non-optical and
optical methods. The primary non-optical methods
include acoustic monitoring; gas sampling, soil mon-
itoring,flow monitoring, and software based dynamic
modeling.Acoustic monitoring techniques typically
utilize acoustic emission sensors to detect leaks based on
changes in the background noise pattern. The advantages
of the system include detection of the location of the
leaks as well as non-interference with the operation
of the pipelines. In addition, they are easily ported to
various sizes of pipes. However, a large number of
acoustic sensors is required to monitor an extended range
of pipelines. The technology is also unable to detect
small leaks that do not produce acoustic emissions at
levels substantially higher than the background noise.
Attempts to detect small leaks can result in many false
alarms. Gas sampling methods typically use a flame
ionization detector housed in a hand held or vehicle
mounted probe to detect methane or ethane. The primary
advantage of gas sampling methods is that they are
very sensitive to very small concentrations of gases.
Therefore, even very tiny leaks can be detected using
gas sampling methods. The technique is also immune to
false alarms. The disadvantages of the technology are
that detection is very slow and limited to the local area
from which the gas is drawn into the probe for analysis.
Therefore the cost of monitoring long pipelines using
gas sampling methods is very high.In soil monitoring
methods, the pipeline is first inoculated with a small
amount of tracer chemical. This tracer chemical will seep
out of the pipe in the event of a leak. This is detected
by dragging an instrument along the surface above the
pipeline. The advantages of the method include very low
false alarms, and high sensitivity. However, the method is
very expensive formonitoring since trace chemicals have
to be continuously added to the natural gas. In addition,
itcannot be used for detecting leaks from pipelines that
are exposed.Flow monitoring devices measure the rate of
change of pressure or the mass flow at different sections
of the pipeline. If the rate of change of pressure or the
mass flow at two locations in the pipe differs significantly,
it could indicate a potential leak. The major advantages
of the system include the low cost of the system as well
as non-interference with the operation of the pipeline.
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The two disadvantages of the system include the inability
to pinpoint the leak location, and the high rate of false
alarms.Software based dynamic modeling monitors
various flow parameters at differentlocations along the
pipeline. These flow parameters are then included in a
model to determine the presence of natural gas leaks
in the pipeline. The major advantages of the system
include its ability to monitor continuously, and non
interference with pipeline operations. However,dynamic
modeling methods have a high rate of false alarms and
are expensive for monitoring large network of pipes.

1. Biological methods - Experienced personnel or
trained dogs can detect and locate a leak by visual in-
spection, odor or sound. Designing a cost Effective
and Reliable Pipeline Leak Detection.

2. Hardware-based methods - Different hardware de-
vices are used to assist the detection and localization
of a leak. Typical devices used include acoustic sen-
sors and gas detectors, negative pressure detectors
and infrared thermography.

3. Software-based methods - Various computer soft-
ware packages are used to detect leaks in a pipeline.
The complexity and reliability of these packages
vary significantly. Examples of these methods are
flow/pressure change detection and mass/volume
balance, dynamic model-based system and Pressure
Point Analysis.

Figure 1: Pipeline Leak detection Method

3 Biological Methods

A traditional leak detection method is to use experienced
personnel who walk along a pipeline,looking for unusual
patterns near the pipeline, smelling substances which
could be released from thepipeline or listening to noises
generated by product escaping from a pipeline hole.

The results of suchleak detection methods depend on
individuals’ experience and whether a leak develops
before orafter the inspection.An additional leak detection
method is to use trained dogs which are sensitive to the
smell ofsubstances released from a leak.

4 Hardware-Based Methods

The hardware-based methods can be divided into four
types according to the principles on which thedevices are
designed:
Visual devices
Acoustic devices
Gas sampling devices
Pressure wave detectors

5 Visual devices

Some leaks can be detected through the identification
of temperature changes in the immediatesurroundings.
Infrared thermography was used to detect hot water leaks
as the surroundingtemperature increases after a leak
develops. This method can be used from movingvehicles,
helicopters or portable systems and is able to cover
several miles or hundreds of miles ofpipeline per day.The
recent development of advanced wide area temperature
sensors makes the temperature profiletechnique more
practical. Temperature sensors such as multi-sensor
electrical cable and optical timedomain reflectometry
using fibre optic cables are used to detect changes of
temperature in theneighbourhood of a leak.Ground
penetrating radar (GPR) uses a radar transmitter and
receiver to accurately pinpoint buriedpipeline leaks
without digging. The leaking substances can be ’seen’ at
the source by the radar via thechanges in the surrounding
soil’s electrical parameters. A ’colorgraphic’ data format
then displays theleak.

6 Acoustic devices

When a leak occurs, noise will be generated as the
fluid escapes from the pipeline. The wave of thenoise
propagates with a speed determined by the physical
properties of the fluid in the pipeline. Theacoustic
detectors detect these waves and consequently the
leaks.Due to the limitation of the detection range, it is
usually necessary to install many sensors along theline.
These sensors detect acoustic signals in the pipeline and
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discriminate leak sounds from othersounds generated by
normal operational changes.

7 Sampling devices

If the product inside a pipeline is highly volatile, a vapour
monitoring system can be used to detect thelevel of
hydrocarbon vapour in the pipeline surroundings. This is
usually done through gas sampling.The sampling can be
done by carrying the device along a pipeline or using a
sensor tube buried inparallel to the pipeline. The response
time of the detection system is usually from several
hours todays. For application to offshore pipelines, a
hydrocarbon detector can be used with a ROV(remotely
operated vehicle) with swimming and sea bed crawling
capacity. Pipeline leaks result inhydrocarbon anomalies
in surrounding sediments and sea water, which can then
be detected by thehydrocarbon detector.

8 Negative pressure

When a leak occurs a rarefaction wave is produced in the
pipeline contents. The wave propagatesboth upstream
and downstream from the leak site. The wave travels with
speed equal to the speed ofsound in the pipeline contents.
Pressure transducers can be used to measure pressure
gradient withrespect to time. Usually two sensors are
used for each pipeline segment to helpdiscriminate
between noise and externally caused pressure drops.

9 Software-Based Methods

Software-based methods use flow, pressure, temperature
and other data provided by a SCADA (Supervisory
Control And Data Acquisition) system, they can be
divided into four types:
Flow or pressure change.
Mass or volume balance.
Dynamic model based system.
Pressure Point Analysis.

9.1 Flow or pressure change

This technique relies on the assumption that a high rate of
change of flow or pressure at the inlet oroutlet indicates
the occurrence of a leak. If the flow or pressure rate of
change is higher than apredefined figure within a specific
time period, then a leak alarm is generated.

9.2 Mass or volume balance

If the difference between an upstream and down
stream flow measurement changes by more than an
established tolerance, a leak alarm will be generated.
This method allows the detection of a leak which does
not necessarily generate a high rate of change in pressure
or flow. The methods can be based on flow difference
only which would generate a simple mass or volume
balance scheme or on flow difference compensated by
pressure/temperature changes and inventory fluctuations
in a pipeline.

9.3 Dynamic model based system

In its various forms this technique attempts to mathemat-
ically model the fluid flow within a pipeline.Leaks are
detected based on discrepancies between calculated and
measured values.The equations used to model the fluid
flow are:
Conservation of mass
Conservation of momentum.
Conservation of energy.
Equation of state for the fluid.
The partial differential equations are solved by a variety
of computational techniques, depending onthe choices
of suppliers. The alternative methods currently in use in
commercial software packagesinclude:
Finite difference.
Finite element.
Method of characteristics.
Frequency response/spatial discretization.The method
requires flow, pressure, temperature measurements
at the inlet and outlet of a pipeline,ideally also pres-
sure/temperature measurements at several points along
the pipeline.

9.4 Pressure Point Analysis (PPA)

This method is based on the assumption that if a leak
occurs in a pipeline, the pressure in the line drops. Using
simple statistical analysis of the pressure measurements,
a decrease in the mean value of a pressure measurement
is detected.If the decrease is more than a predefined level,
then a leak alarm is generated.

10 Comparison of Key Attributes of
Different Methods

Each leak detection method has its advantages and
disadvantages. To compare the performance of different
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Table 1: Comparison of Leak Detection Methods
Method Leak

Sensi-
tivity

Location
Esti-
mate

Operat-
ional
Change

Availa-
bility

False
alarm

Mainta
nance
re-
quire-
ment

Cost

Biologi
cal

YES YES YES NO LOW MED
IUM

HIGH

Visual YES YES YES NO MED
IUM

MED
IUM

HIGH

Acoustic YES YES NO YES HIGH MED
IUM

MEDIUM

Samp
ling

YES YES YES NO LOW MEDIUM

Negative
Pres-
sure

YES YES NO YES HIGH MED
IUM

MEDIUM

Flow
Change

NO NO NO YES HIGH LOW LOW

Mass
Bal-
ance

NO NO NO YES HIGH LOW LOW

Dyana
mic
Model

YES YES YES YES HIGH HIGH HIGH

PPA YES NO NO YES HIGH MED
IUM

MEDIUM

methods, it is necessary to define the key attributes of a
leak detection system:

1. Leak sensitivity : Can small leaks be detected?

2. Location estimate capability: Is location esti-
mate given?

3. Operational change: Can the method work
if pipeline experiences operational changes
e.g.throughput change, pigging?

4. Availability : Can the method monitor a pipeline
continuously i.e. 24 hours a day?

5. False alarm rate : Frequency of leak alarms gen-
erated during leak-free operations.

6. Maintenance requirement : Level of technical ex-
pertise required to maintain the system.

7. Cost : Capital expenditure (CAPEX) and on go-
ing operating costs (OPEX).

Table no. 3.1 : Comparison of the four software based
methods show thatFlow change, mass or volume balance
and Pressure Point Analysis methods are easy to main-
tainand inexpensive to install but they cannot estimate
leak location and are not suitable for pipelineswith op-
erational changes.Dynamic model-based method works
during operational changes and can provide locationesti-
mate but it requires a high level of expertise to maintain
and is expensive to install

11 Negative pressure wave and
flow rate method

Leaks in liquid and gas pipelines always imply material
losses. In some cases, an incident can turn into a
critical event, particularly when the transported fluid is
dangerous to life or environment. Operators all over the
world are continuously increasing their efforts and invest-
ments towards integrity programs targeting, primarily,
prevention of these undesired events and, consequently,
decreasing direct costs (e.g. remediation, penalties,
reparations) and indirect costs (e.g. public image, stock
devaluation). However, there’s always a chance that an
accident occurs, no matter how much attention was given
to its prevention. For this reason, leak detection systems
(LDS) play an important role of integrity programs.
LDS are specially designed tools that help operators to
identify and react to a spill. They are in-line systems
that continuously monitor and alarm deviations of some
operational condition which can be associated with a
leak. Speed of response, sensitivity, reliability, accuracy
and robustness are common performance parameters
used to differentiate and assess systems. Last but not
least, applicability to a wide range of scenarios is a highly
desirable characteristic.
ILDS (Integrated Leak Detection System) has been
designed around all the above mentioned characteristics
and, most important, featuring two different methodolo-
gies to detect leaks: Negative Pressure Wave and Mass
Balance.

12 ILDS employs two methods to
detect leak events:

1. Identification of the negative pressure wave origi-
nated by the sudden depressurization.

2. Identification of an imbalance between inflow and
outflow compensated by the line-pack variation over
a given time interval. The block diagram of the
system is shown on Fig.

12.1 Negative Pressure Wave (sonic Leak
Detection)

This subsystem, also known as sonic or acoustic, identi-
fies the characteristic fluid dynamic transient wave that
propagates through the fluid, travelling long distances in
both directions. Special transducers installed at both ends
of the monitored stretch detect and transform pressure
into an electrical signal which is read and analyzed by
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dedicated Field Processing Units (FPU). The arrival time
of the wave front at each sensor is registered and, since
the wave propagation velocity is a known constant for
each fluid, the exact position of the leak can be easily
calculated. Accuracy of the calculation is assured by GPS
which keeps all FPUs clocks synchronized. Presence of
back-ground noise and operational events, such as those
originated by pump start/stop or valve opening /closing,
require several different filtering techniques to be used
in order to extract the characteristic leak signature.
Effective filtering is the key element of this subsystem.
Some examples of filtering are: correlation, band-pass,
phase sequence, envelope extractor. The most innovative
technique in this subsystem is an Artificial Neural
Network (ANN) used for leak standards recognition,
which reduces significantly the probability of falsealarms.

12.2 Flow rate (Mass Imbalance)

This subsystem infers that a leak exists based on the mass
unbalance that results from product release. The detection
can roughly be described as the analysis of the behavior
of line-pack variation compared to the difference in inlet
and outlet flows. The model uses measurements taken
at both ends of the monitored stretch, (flow, tempera-
ture, pressure and density), pipe and fluid specifications
as well as pressure/temperatures measurements at inter-
mediate points. Computational Fluid Dynamics (CFD)
algorithms based on real-time transient models (RTTM)
run cyclically on the Central Monitoring Station, produc-
ing a curve representative of the behavior (signature) of
the line-pack variation relative to in-out mass variation.
Again, techniques based on Artificial Neural Networks
(ANN) qualify this signature, or its trend, as being typical
of a leak or not. The final decision is taken by the Vali-
dation Module which, in its turn, also uses information
generated by the Negative Pressure Wave Subsystem to
validate the event and declare a LEAK ALARM along
withassociated information (position, leak flow rate, du-
ration, etc.). The validation process and trend analysis
employ special algorithms based in artificial neural net-
works (ANN) which allow the system to distinguish be-
tween various operational events and real leaks, reducing
dramatically the false-alarm rate, a well-known issue for
all LDS, specially mass conservation methods. In order
to validate an alarm, the Validation Module performs a
cross-check.

Figure 2: Leakage detection process module

13 Setup

As shown in figure the purpose of pipeline leak detection
is to detect leak in time and locate the leak point quickly
and accurately when leak appears. According to the
experiment purpose the negative pressure wave method
and flowrate method are used together to monitor and
locate leaks.

14 Working principle

When leak occurs, the medium at the leak point quickly
discharges because of the pressure difference between
inside and outside the pipeline, mass loss at the leak point
causes fluid density of that point to decrease, thus it leads
to an instantaneous decline of pressure of leak point.
Because of the continuity of fluid, the fluid velocity will
not change, but the fluid pressures between the leak
point and its adjustment area are different, the difference
leads to the high pressure fluid at two side of leak point
flow to the low pressure region of the leak point, thus
it causes the reduce of the fluid density and pressure at
two side leak point. This phenomenon is transferred
upstream and downstream successfully, which is equal
to negative pressure wave produce at the leak point and
propagating at the certain velocity.Negative pressure
wave propagates up and down along pipeline from the
leak point, this fluctuation of pressure has nearly vertical
edge.So according to specifically instantaneous declining
pressure wave caught by the pressure transducer mounted
on the two ends of the pipeline, leak can be detected,
according to the time difference between the reception of
the negative pressure wave by pressure transducer and
propagation velocity of negative pressure wave, location
of the leak can be calculated. Location formula can be
given by,
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The location formula for negative pressure wave method
is as following,

X = [L+ a.(T2− T1)]/2

Where,
X = Distance between and head of the pipe

a = Propagation velocity of negative pressure wave
(between 1000 m/s to 1200 m/s for liquid)

T2-T1 = Time difference between the reception of
negative Pressure wave by pressure transducer mounted
at Up and down stream.
Flow flux is also an important parameter for leak
monitoring , leak can be found by monitoring the
change of flow which makes up for the shortcoming
of low sensitivity of pressure. Furthermore routine
operation inside the pump stations such as pump and
valve adjustment can produce negative pressure wave, so
it can’t be determined whether negative pressure waves
are produced inside or outside the pump station only by
pressure. When routine operation is performed, the flow
between the head station and the end station changes
little, when leak occurs, the flow of head station rises
while the flow of end station declines, so flow difference
increases. The origin of negative pressure wave can be
distinguished by analysis of flow variations. Based on
above methods, pressure and flow flux are combined
to find outleak point. The location of leak point is cal-
culated by the locating formula of negative pressure wave.

15 Configuration system:

Two pressure transducers are mounted on the head point
and end point of the research pipe respectively; two
flow transducers are mounted separately at entrance and
exit of the experimental point. to control leakage of the
pipe, the set of leak control device which composes of
an electronic valve flow meter is mounted on research
point, pressure transducer is used to measure the pressure
whose range is 0 to 5MPa and output signal is 4 to 20ma.
Flow transducer is used to measure the flow flux which
has output in the form of pulses having range of 0 to
5v. To interface the experimental setup with industrial
computer data acquisition board NI USB 6009 is used.
This DAQ board can meet the testing data acquisition.

Figure 3: 4Configuration of Pipeline leakage Detection Sys-
tem

To make the manual leakage arrangement we used O
type ball valve is used which can be operated by hand.
This figure shows the basic configuration or component
setting of the pipeline leakage detection system.

16 Turbine flow meter:-

16.1 Basic principle

Turbine flow meters use the mechanical energy of the
fluid to rotate a “pinwheel” (rotor) in the flow stream.
Blades on the rotor are angled to transform energy from
the flow stream into rotational energy. The rotor shaft
spins on bearings. When the fluid moves faster, the rotor
spins proportional faster. Shaft rotation can be sensed
mechanically or by detecting the movement of the blades.
Blade movement is often detected magnetically, with
each blade or embedded piece of metal generating a pulse.
Turbine flowmeter sensors are typically located external
to the flowing stream to avoid material of construction
constraints that would result if wetted sensors were used.
When the fluid moves faster, more pulses are generated.
The transmitter processesthe pulse signal to determine the
flow of the fluid. Transmitters and sensing systems are
available to sense flow in both the forward and reverse
flow directions.Fluid entering the meter passes through
the inlet flow straightener whichreduces its turbulent flow
pattern and improves the fluid’s velocity profile.Fluid
then passes through the turbine, causing it to rotate at
a speedproportional to fluid velocity. As each turbine
blade passes through themagnetic field at the base of the
transducer, an AC voltage pulse isgenerated in the pickup
coil. These pulses produce an outputfrequency propor-
tional to the volumetric flow through the meter. The
Model 1100 Turbine Flow Meter is designed to withstand
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Figure 4: Turbine Flow Meter

the demands of the most rigorous flow measurement ap-
plications. Originally developed for the secondary oil
recovery market, the Model 1100 is an ideal meter for
liquid flow measurement on or off the oilfield.The Model
1100 maintains measurement accuracy and mechanical
integrity in the corrosive and abrasive fluids commonly
found in oil field water flood projects and many industrial
applications.Designed to operate with the Model B2800
Flow Monitor,the Model 1100 turbine meter meets a wide
range of measurement requirements. This makes it ideal
for applications such as pipelines,production/injection
fields, in-situ mining operations, offshore facilities,and
other industrial applications.

16.2 O Type Ball Valve

A ball valve is a valve with a spherical disc, the part of
the valve which controls the flow through it. The sphere
has a hole, or port, through the middle so that when the
port is in line with both ends of the valve, flow will occur.
When the valve is closed, the hole is perpendicular to
the ends of the valve, and flow is blocked. The handle
or lever will be inline with the port position letting you
”see” the valve’s position. The ball valve, along with the
butterfly valve and plug valve, are part of the family of
quarter turn valves.
Ball valves are durable and usually work to achieve per-
fect shutoff even after years of disuse. They are therefore
an excellent choice for shutoff applications (and are often
preferred to globe valves and gate valves for this purpose).
They do not offer the fine control that may be necessary
in throttling applications but are sometimes used for this
purpose.
Ball valves are used extensively in industrial applications
because they are very versatile, supporting pressures up
to 1000 bar and temperatures up to 752 degree fahrenheit
(500 degree celcius) depends on the ball valve design
and material. Sizes typically range from 0.2 to 48 inches
(0.5 cm to 121 cm). They are easy to repair and operate.

Figure 5: Ball Valve

The body of ball valves may be made of metal, plastic
or metal with a ceramic center. The ball is often chrome
plated to make it more durable.

16.2.1 Types of ball valve

There are five general body styles of ball valves: single
body, three piece body, split body, top entry, and welded.
The difference is based on how the pieces of the valve,
especially the casing that contains the ball itself—are
manufactured and assembled. The valve operation is the
same in each case. Duplex ball valve

• A full port or more commonly known full bore ball
valve has an over-sized ball so that the hole in the
ball is the same size as the pipeline resulting in lower
friction loss. Flow is unrestricted but the valve is
larger and more expensive so this is only used where
free flow is required, for example in pipelines which
require pigging.

• In reduced port or more commonly known reduced
bore ball valves, flow through the valve is one pipe
size smaller than the valve’s pipe size resulting in
flow area being smaller than pipe. As the flow dis-
charge remains constant and is equal to area of flow
(A) time’s velocity (V), the velocity increases with
reduced area of flow.

• A V port ball valve has either a ’v’ shaped ball or a
’v’ shaped seat. This allows the orifice to be opened
and closed in a more controlled manner with a closer
to linear flow characteristic. When the valve is in
the closed position and opening is commenced the
small end of the ’v’ is opened first allowing stable
flow control during this stage. This type of design
requires a generally more robust construction due
to higher velocities of the fluids, which might dam-
age a standard valve. These can be referred to as a
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type of control valve but are not as accurate as a bal-
ancing valve, needle valve, globe valve, or pressure
regulating valve.

• A Kompact ball valve is a ”full port” valve that fits
between 2 flanges. Due to its configuration, its body
is slimmer however and less metal.

• Cavity filler Ball Valve. Many industries encounter
problem with residues in the ball valve. Where the
fluid is meant for human consumption, residues may
also be health hazard, and when where the fluid
changes from time to time contamination of one
fluid with another may occur. Residues arise because
in the half open position of the ball valve a gap is
created between the ball bore and the body in which
fluid can be trapped. To avoid the fluid getting into
this cavity, the cavity has to be plugged, which can
be done by extending the seats in such a manner that
it is always in contact with the ball. This type of ball
valve is known as Cavity Filler Ball Valve.

There are a few types of ball valves related to the attach-
ment and lateral movement of the ball:

• A trunnion ball valve has additional mechanical an-
choring of the ball at the top and the bottom, suitable
for larger and higher pressure valves (say, above 10
cm and 40 bars).

• A floating ball valve is one where the ball is not held
in place by a trunnion. In normal operation, this
will cause the ball to float downstream slightly. This
causes the seating mechanism to compress under
the ball pressing against it. Furthermore, in some
types, in the event of some force causing the seat
mechanism to dissipate (such as extreme heat from
fire outside the valve), the ball will float all the way
to metal body which is designed to seal against the
ball providing a somewhat failsafe design.
Manually operated ball valves can be closed quickly
and thus there is a danger of water hammer. Some
ball valves are equipped with an actuator that may
be pneumatically or motor operated. These valves
can be used either for on/off or flow control. A
pneumatic flow control valve is also equipped with
a positioner who transforms the control signal into
actuator position and valve opening accordingly.

Three-way and four-way ball valve Schematic 3 way
ball valve: L-shaped ball right, T-shaped left Three-way
ball valves have an L- or T-shaped hole through the mid-
dle. The different combinations of flow are shown in the
figure. It is easy to see that a T valve can connect any pair
of ports, or all three, together, but the 45 degree position

which might disconnect all three leaves no margin for
error. The L valve can connect the center port to either
side port, or disconnect all three, but it cannot connect
the side ports together.
Multi-port ball valves with 4 ways, or more, are also com-
mercially available, the inlet way often being orthogonal
to the plane of the outlets. For special applications, such
as driving air-powered motors from forward to reverse,
the operation is performed by rotating a single lever four-
way valve. The 4-way ball valve has two L-shaped ports
in the ball that do not interconnect, sometimes referred
to as an ”x” port. Ball valves in sizes up to 2 inch gen-
erally come in single piece, two or three piece designs.
One piece ball valves are almost always reduced bore, are
relatively inexpensive and generally are throw-away. Two
piece ball valves are generally slightly reduced (or stan-
dard) bore, they can be either throw-away or repairable.
The 3 piece design allows for the center part of the valve
containing the ball, stem & seats to be easily removed
from the pipeline. This facilitates efficient cleaning of
deposited sediments, replacement of seats and gland pack-
ings, polishing out of small scratches on the ball, all this
without removing the pipes from the valve body. The
design concept of a three piece valve is for it to be re-
pairable.

16.3 Features –

• Offers accurate and repeatable flow measurement in
ranges from 0.6 to 5,000 GPM (20 to 171,000 BPD)

• Cost-effective solution for turbine flow meter appli-
cations.

• Rugged 316 stainless steel construction offers long
service life in severe operating environments.

• Available in NPT, BSP, Victaulic R©, Flange, or Hose
Barbed end connections Fluid.

• NIST traceable calibration.

• Installation in pipe sizes from ”1/2” to ”10” Integrate
electronically with B2800 Flow Monitor, K-Factor
Scaler, or the F to I/F to V Intelligent Converter.

• Field replaceable repair kits allow for turbine re-
placement without loss of accuracy.

16.4 Specification –

• Materials of Construction: Body; 316 Stainless Steel
Rotor; CD4MCU Stainless Steel Rotor Support; 316
Stainless Steel Rotor Shaft; Tungsten Carbide

• Turndown Ratio: 10:1
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• Flow Accuracy: ±1 % of reading

• Repeatability: ± 0.1 %

• Calibration: Water (NIST traceable calibration)

• Pressure Rating: 5,000 psi (maximum)

• Turbine Temperature: -150 degree F to +350 degree
F (-101 degree C to 177 degree C)

• End Connections: NPT, BSP, Victaulic,Flange, Hose
Barbed.

Figure 6: Pressure Drop Vs. Flow rate

17 LabVIEW :-

LabVIEW (short for Laboratory Virtual Instrument
Engineering Workbench) is a system-design platform
and development environment for a visual programming
language and National instruments.Originally released
for the Apple Macintosh in 1986, LabVIEW is commonly
used for data acquisition, instrument control, and
industrial automation on a variety of platforms including
Microsoft Windows, various versions of UNIX, Linux,
and Mac OS X.LabVIEW ties the creation of user
interfaces (called front panels) into the development
cycle. LabVIEW programs/subroutines are called virtual
instruments (VIs). Each VI has three components: a
block diagram, a front panel and a connector pane. The
last is used to represent the VI in the block diagrams
of other, calling VIs. The front panel is built using
controls and indicators. Controls are inputs – they allow
a user to supply information to the VI. Indicators are
outputs – they indicate, or display, the results based on
the inputs given to the VI. The back panel, which is a
block diagram, contains the graphical source code. All of
the objects placed on the front panel will appear on the

back panel as terminals. The back panel also contains
structures and functions which perform operations on
controls and supply data to indicators. The structures
and functions are found on the Functions palette and
can be placed on the back panel. Collectively controls,
indicators, structures and functions will be referred to
as nodes. Nodes are connected to one another using
wires – e.g. two controls and an indicator can be wired to
the addition function so that the indicator displays the
sum of the two controls. Thus a virtual instrument can
either be run as a program, with the front panel serving
as a user interface, or, when dropped as a node onto the
block diagram, the front panel defines the inputs and
outputs for the given node through the connector pane.
This implies each VI can be easily tested before being
embedded as a subroutine into a larger program.
The graphical approach also allows non-programmers
to build programs by dragging and dropping virtual
representations of lab equipment with which they are
already familiar. The LabVIEW programming environ-
ment, with the included examples and documentation,
makes it simple to create small applications. This is a
benefit on one side, but there is also a certain danger of
underestimating the expertise needed for high-quality G
programming. For complex algorithms or large-scale
code, it is important that the programmer possesses an
extensive knowledge of the special LabVIEW syntax
and the topology of its memory management. The most
advanced LabVIEW development systems offer the
possibility of building stand-alone applications. Further-
more, it is possible to create distributed applications,
which communicate by a client/server scheme, and
are therefore easier to implement due to the inherently
parallel nature of G.The image above is an illustration
of a simple LabVIEW program showing the dataflow
source code in the form of the block diagram in the lower
left frame and the input and output variables as graphical
objects in the upper right frame. The two are the essential
components of a LabVIEW program referred to as a
Virtual Instrument.

18 Software Development

The software is developed by National instruments
graphical programming language LabVIEW, which
consist of four module; parameter setting, threshold
Setting, real time monitoring and data playback.Model of
parameters settings is used to set up pipeline parameters,
data acquisitions parameters, and data analysis. The main
function of threshold testing model is to analyze pressure
and flow when pipeline is under normal operation,
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obtain the maximum value of analysis results, and
then modify them. As threshold used to judge whether
pipeline leak or not. Module of real time monitoring
consists of three parts: data acquisition and save, data
analysis and display, leak judgment and results save, it
provide continuous real time monitoring on pipeline
operation condition.History data module consist of three
parts; warning record, data playback and history data
delete, can playback and manage history data, which is
convenient for recording and analyzing experimental data.

19 Testing Analysis

A set of testing results is provided the main stapes of
following :

1. Starting up three pumps after 5 min. running, flow
flux is 4.31m3/hour

2. Opening leak monitoring software, setting param-
eters and testing threshold, obtain thresholds for
pressure and flow.

3. Open real time monitoring program to monitor
pipeline operation condition.

4. Setting ball valve opening degree at 20% (actual
leakage measured flow meter is 0.384m3/hour in
test), opening and closing leak valve 3 times to make
pipeline leak.

5. After detection of leak alarm annunciator is acti-
vated.

Figure 7: Inlet Flow Measurement

20 Interfacing (NI USB6009)

A key feature of LabVIEW over other development envi-
ronments is the extensive support for accessing instrumen-
tation hardware. Drivers and abstraction layers for many

Figure 8: Outlet flow Measurement

different types of instruments and buses are included or
are available for inclusion. These present themselves
as graphical nodes. The abstraction layers offer stan-
dard software interfaces to communicate with hardware
devices. The provided driver interfaces save program de-
velopment time. The sales pitch of National Instruments
is, therefore, that even people with limited coding expe-
rience can write programs and deploy test solutions in a
reduced time frame when compared to more conventional
or competing systems. A new hardware driver topol-
ogy (DAQmxBase), which consists mainly of G-coded
components with only a few register calls through NI
Measurement Hardware DDK (Driver Development Kit)
functions, provides platform independent hardware access
to numerous data acquisition and instrumentation devices.
The DAQmxBase driver is available for LabVIEW on
Windows, Mac OS X and Linux platforms. For this exper-
iment we have used DAQ NI USB-6009.Following figure
shows the pinout of the NI USB-6008/6009. Analog in-
put signal names are listed as single-ended analog input
name, AI x, and then differential analog input name, (AI
x+/–). Refer to Table for a detailed description of each
signal.

Figure 9: NI USB-6009
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Table 2: Signal Description
Signal
Name

Referen
ce

Direction Description

GND Ground—The reference point for the single-ended
analog input measurements, analog output voltages,
digital signals, +5 VDC supply, and +2.5 VDC at the
I/O connector, and the bias current return point for
differential mode measurements.

AI <
0..7 >

Varies Input Analog Input Channels 0 to 7—For single-ended mea-
surements, each signal is an analog input voltage
channel. For differential measurements, AI 0 and AI
4 are the positive and negative inputs of differential
analog input channel 0. The following signal pairs
also form differential input channels: AI< 1, 5 >,
AI< 2, 6 >, and AI< 3, 7 >.

AO <
0, 1 >

GND Output Analog Output Channels 0 and 1—Supplies the volt-
age output ofAO channel 0 or AO channel 1.

P0.<
0..7 >

GND Input/
output

Port 0 Digital I/O Channels 0 to 7— individually con-
figureeach signal as an input or output

P1.<
0..3 >

GND Input/
output

Port 1 Digital I/O Channels 0 to 3—You can individ-
ually configure each signal as an input or output

PFI 0 GND Input PFI 0—This pin is configurable as either a digital trig-
ger or an event counter input.

a)
+2.5V

GND Output +2.5 V External Reference—Provides a reference for
wrap-back testing.

b) +5 V GND +5 V Power Source—Provides +5 V power up to 200
mA

21 Signal Description

Table shows detailed description for different signals
such as analog input, output, ports , supply source.

The main blocks featured in the NI USB-6008/6009
analog input circuitry are as follows:

1. MUX—The NI USB-6008/6009 has one analog-
to-digital converter (ADC). The multiplexer(MUX)
routes one AI channel at a time to the PGA.

2. PGA—Theprogammable-gain amplifier provides in-
put gains of 1, 2, 4, 5, 8, 10, 16, or 20 whencon-
figured for differential measurements and gain of
1 when configured for single-endedmeasurements.
The PGA gain is automatically calculated based on
the voltage range selected in themeasurement appli-
cation.

3. ADC—Theanalog-to-digital converter (ADC) digi-
tizes the AI signal by converting the analogvoltage
into digital code.

4. AI FIFO—The NI USB-6008/6009 can per-
form both single and multiple analog-to-
digitalconversions of a fixed or infinite number of
samples. A first-in-first-out (FIFO) buffer holds
dataduring AI acquisitions to ensure that no data is
lost.

22 Conclusion

Statutory regulation demands that automated leak detec-
tion systems are installed for new andupgraded pipelines.

To design a cost effective system, it is necessary to im-
prove the performance ofexisting techniques. This system
can alarm leak and locate leak point comparatively accu-
rately. Since testing pipe is very short, useful signals may
be lost in data acquisition, relative error becomes large,
and this shows that negative pressure wave method needs
to be improved when used for short pipe. Meanwhile neg-
ative pressure method is more accurate for burst leaking
accident, but cannot judge little and slow leakage, it must
be combined with other detection methods to complete
accurate diagnosis.
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Development of Automatic Test Tube Filling System

Prabhudas Shinde, Manoj Wagh, Sumit Waghamare, Prof.Arun D. Sonar
Department of Instrumentation Engineering, DYPIET, Pimpri, Pune-18

Many times the liquid which will be filled in test
tube are harmful such as acids etc. It should
be harmful to the human being because some

mistakes. In this paper, Automatically Test tubes are
filling by using microcontroller based stepper motor.
In all Chemical & Biological laboratories test tubes
are filled manually, but in this project the test tubes
are filled automatically by using stepper motor assem-
bly. Sometimes the processes take very large time up
to 3-4 days (e.g. Gas chromatography) for filling the
test tube, that means continue monitoring is required.
These problems are overcome by using this project i.e.
Automatic Test tube Filling (ATF).

keywords

Microcontroller, Stepper Motor, Column Chromatogrphy

1 Introduction

Automatic Test tube filling (ATF) is design for almost
all equipment which having the number of test tube fill-
ing continuously. ATF is the alternative to the tedious
and time consuming work of manual tube filling. It is de-
signed for the continuous filling of test tubes and therefore
suitable for a wide range of dosing applications includ-
ing the production of agar slants, broth cultures or NaCl
dilutions. It consists mainly, one rotating disc with tube
holding sockets, stepper motor, microcontroller assem-
bly, Light emitting diode (LED), sensor (LDR), signal
conditioning circuit etc. Only empty tube should feed
manually, after that all process is automatic.

2 Need of Automatic Test tube
Filling (ATF):

The stationary phase or adsorbent in column chromatog-
raphy is a solid. The most common stationary phase

for column chromatography is silica gel, followed by
alumina. Cellulose powder has often been used in the
past. Also possible are ion exchange chromatography,
reversed-phase chromatography (RP), affinity chromatog-
raphy or expanded bed adsorption (EBA). The stationary
phases are usually finely ground powders or gels and/or
are microporous for an increased surface, though in EBA
a fluidized bed is used. There is an important ratio be-
tween the stationary phase weight and the dry weight of
the analyte mixture that can be applied onto the column.
For silica column chromatography, this ratio lies within
20:1 to 100:1, depending on how close to each other the
analyte components are being eluted.

3 ATF system:

: Column chromatography is an extremely time consum-
ing stage in any lab and can quickly become the bottle-
neck for any process lab. To overcome this problem we
introduces an ATF system which can save our time from
this process. The block diagram of Automatic Test tube
Filling (ATF) is as given below. In this system, mainly
consists of:

• Rotating Test tube Plate

• LED & Sensor

• Signal conditioning circuit

• Microcontroller

• Stepper motor driver

• Stepper motor.

4 System Design Specification

Two plates are used to hold the eight test tubes i.e.
holding plate & base plate.
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Figure 1: Column Chromatography

• Plate diameter : 15cm

• Distance between two plates : 6cm

• Diameter of holes in holding plate : 2.5cm

• Diameter of holes in base plate : 1cm

• Test tube inner diameter: 2.4cm

• Test tube outer diameter: 2.5cm

• Thickness of test tube: 0.1cm

• Distance between source & sensor: 5cm

4.1 Motor Specifications

• Step angle: 1.80

Figure 2: Chromatography

Figure 3: Column chromatography proceeds by a series of
steps.

Figure 4: Block Diagram of System
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Figure 5: Stepper Motor Mechanical specifications

Figure 6: Stepper Motor Connection

• Step required for 450: 25 steps

• Rated Voltage: 12 vdc

• Rated Current/Phase : 259 mA

• No. of Phase: 4

• DC Coil Resistance: 50 Ω

• Excitation Method 2-2 phase (unipolar)

4.2 Motor Control Citcuit

Stepper motors are electromechanical devices that con-
vert a pattern of inputs and the rate-of-change of those
inputs into precise rotational motion. The rotational angle
and direction for each change (step) is determined by the
construction of the motor as well as the step pattern in-
put. The 27964 is a standard, four-phase unipolar stepper
motor that is easily controlled with the BASIC Stamp or
Javelin Stamp when buffered with an appropriate high-
current driver (ULN2003).

5 Rotating Test tube plate:

It is a disc type test tube holder which is bounded with the
stepper motor. Thus it will rotate with the each rotation
of stepper motor. It holds normally eight test tubes at a
time. It is made up of acrylic material which is light in
weight & easy to rotate.

Figure 7: The Manufactured Disc alongwith Motor

Figure 8: The Setup photograph

Figure 9: The Setup During Working
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5.1 Sensor & LED:

Light emitting diode is used to emit the light through the
test tube. To detect level of the liquid which is filling in
the test tube LDR sensor is used. It sense the light which
is emitting from the LED & gives the output with respect
to its intensity of light.

5.2 Signal conditioning circuit:

In signal conditioning the output of the sensor which is in
the form of resistance is converted into voltage form. And
amplifies it into standard form to give the microcontroller
as a sensors input.

5.3 Microcontroller:

Microcontroller is the heart of this system. Microcon-
troller is the device which controls all the activities in
this system. It take the input through signal conditioning
circuit i. e. sensors input. If that input is high (5v) then
it will rotate the motor by giving the rotating sequence
to the stepper motor driving circuitry. If that input is low
(0v) then it will stop the motor.

5.4 Stepper motor driving circuit:

Normally, the microcontroller cannot drive the stepper
motor because of its high driving current. Microcon-
troller cannot give that much of current to the motor,
therefore we are using current booster IC ULN 2003 to
boost the current in sufficient level. An ULN2003A is a
high-voltage, high-current Darlington transistor array.

5.5 Stepper motor:

A stepper motor is a brushless DC electric motor that
divides a full rotation into a number of equal steps. The
stepper motor is used to rotate the test tube holding plate
in appropriate angle. In this system we use the unipolar
motor

6 Principle of Opeartion

: in this project constant supply given to the Light Emit-
ting Diode (LED) and light beam passes through the test
tube toward the Light Dependent Resistance (LDR).Light
Dependent Resistance (LDR) give the output in term of
resistance. When fill tube come across the Light depen-
dent Resistance (LDR) and Light Emitting Diode (LED)
the resistance of the Light Dependent Resistance (LDR)
change, and it give the some resistance and this change in
resistance input to the signal conditioning circuit. Signal
conditioning circuit amplifies the input signal at suitable

or standard signal in term of voltage. This voltage applied
to the microcontroller.as soon as when fill test tube come
across the Light Dependent Resistance (LDR) & Light
emitting Diode(LED) Microcontroller will get input and
its generate a sequence for the stepper motor rotation In
given angle. For drive the stepper motor we use stepper
motor driver. Stepper motor driver nothing but a current
booster circuit. Which boost the driving current of step-
per motor. After obtain the input from the stepper motor
driver circuit, stepper motor rotate in a angle which are
set by the microcontroller.

7 Conclusion:

Automatic Test tube Filling is a Microcontroller based
System which is rotate the test tube holder sequentially.
When filled test tube come across the light Dependent
Resistance (LDR) & Light Emitting Diode (LED) at that
time stepper motor change the angle and empty tube come
under the column.
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Temperature control using Microcontroller

Manju Krishnan,Shilpa Tapiloo,Prof.Sunil K.Patil,
Department of Instrumentation Engineering, DYPIET, Pimpri, Pune-18

Monitoring the temperature of a computer
server room is a critical task to ensure the
performance of the server is not disturbed

by excessive room temperature. In this paper, we
designed and implemented a microcontroller-based
room temperature monitoring system using Atmel
ATmega8535 microcontroller and National Semicon-
ductor’s LM35 temperature sensor. The experimen-
tal results show that our system works as expected.
As the temperature increases beyond a set point (20
DEGREE C) the cooling system(fan) is switched on
and when the temperature decreases below the set
point the heater is switched on.

INTRODUCTION

This paper presents our design and implementation of a
microcontroller-based system for monitoring server room
temperature. We use Atmel 89C51 microcontroller and
LM35 temperature sensor as the main components of
the system. The remainder of this paper is organized as
follows. In Section 2, we provide a short background
on microcontroller, specifically the Atmel ATmega8535
microcontroller, and also the LM35 temperature sensor.
The design and implementation of the system is described
in Section 3. Finally, section 4 concludes the paper.

1 BACKGROUND

Microcontroller can be regarded as a single-chip special-
purpose computer dedicated to execute a specific appli-
cation. As in general-purpose computer, microcontroller
consists of memory (RAM, ROM, Flash), I/O peripher-
als, and processor core. However, in a microcontroller,
the processor core is not as fast as in general purpose-
computer, the memory size is also smaller. Microcon-
troller has been widely used in embedded systems such
as, home appliances, vehicles, and toys. There are sev-
eral microcontroller products available in the market, for

example, Intel’s MCS-51 (8051 family), Microchip PIC,
and Atmel’s Advanced RISC Architecture (AVR). We
discuss Atmel 89C51 and LM35 temperature sensor in
this section.

1.1 Atmel 89C51

The AT89C51 is a low-power, high-performance CMOS
8-bit microcomputer with 4Kbytes of Flash pro-
grammable and erasable read only memory (PEROM).
The device is manufactured using Atmel’s high-density
nonvolatile memory technology and is compatible with
the industry-standard MCS-51 instruction set and pin
out. The on-chip Flash allows the program memory to
be reprogrammed in-system or by a conventional non-
volatile memory programmer. By combining a versatile
8-bit CPU with Flash on a monolithic chip, the Atmel
AT89C51 is a powerful microcomputer which provides
a highly-flexible and cost-effective solution to many em-
bedded control applications.

1.2 LM35 Temperature Sensor

The LM35 is a temperature sensor, whose output voltage
is linearly proportional to the Celsius temperature. This
sensor has linear output and low output impedance make
it easy for connecting it to the readout circuitry [2]. Three
pins, +Vs, GND, and Vout are defined for the sensor.
When used as a basic temperature sensor (2 deg C to 150
deg C), any change in temperature by 1deg C will be
converted to 10 mV or the output voltage (Vout) = 0 mV
+ 10 mV/deg C.

2 DESIGN AND IMPLEMENTATION

The system consists of hardware and software parts. As
shown in the Fig Lm35 is connected to a non–inverting
amplifier of gain 20. The output of the amplifier is given
as an input to the non-inverting comparator. The reference
voltage given to the comparator is the amplified voltage
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Figure 1: Pin Diagram of 89C51

Figure 2: Basic Centigrate Temperature Sensor

Figure 3: Bottom view of Lm35

corresponding to the voltage output of Lm35 at 20 deg
C (200mV at 20 deg C, amplified to 4V). The output of

Figure 4: Lm35

the comparator is given as input to the microcontroller at
P1.0. Fan is connected to P0.1 and the heater is connected
at P0.0. Photograph of the system is shown in Fig 5. The

Figure 5: Hardware

left part and the right part shows the signal conditioning
part and the microcontroller respectively.
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2.1 Software

Figure 6: Program

As the input to the controller from the comparator
becomes high (1), the fan is switched on and the heater
is switched off and as the input to the controller becomes
low (0), the heater is switched on and the fan is switched
off.

CONCLUSION

We conducted the testing of our system in a real server
room. Testing was done by sending every possible com-
mand to the system and observed the system’s response.
In this project, we have designed and implemented a
microcontroller-based system for monitoring server room
temperature. We utilized Atmel 89C51 microcontroller
and LM35 temperature sensor. Based on the testing re-
sults, the system works according to our predefined speci-
fication. This system can be used to help the administrator
to monitor server room temperature and control electronic
appliances in real-time.
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