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ABSTRACT

The automation of a Water treatment plant involves
monitoring and control of various parameters like
Temperature, Pressure, Level, Flow and Vibration in the
plant. Process Control plays a major role in the automation
industry. The intricacy of any control mechanism has only
increased due to an unprecedented increase in the
requirements, instrumentation and various control loops.
Therefore a simple PID control mechanism is not a practical
option for efficient control of any real - time process, let alone
automation of an entire plant. This paper presents an
improved version of the classic PID control mechanism that is
the use of Fuzzy control logic along with the PID control for
the pH neutralization process in a water treatment plant. The
implementation of this procedure will be relevant for any
multivariable process.
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1. INTRODUCTION

There are many controller mechanisms used in a water
treatment plant, narrowing down to an effective mechanism
from among the many is a tough task for any process
including the pH neutralization process. The selection of the
control mechanism is fraught with difficulties because of the
Control system design for pH neutralization is technically
difficult to implement [27], owing to its non-linear responses,
sensitive environment uncertain results and large number of
requirements. Classical control mechanisms hold good only
for linear, theory based processes. These simple mechanisms
do not work as well when applied to constantly changing
chemical systems with complex kinetic and thermodynamic
reactions. These classical control mechanisms fail miserably
when it comes to system performances and does not cover the
whole range of operation.

The range of pH values between 1 and 14 is a scale to
measure acidity of any system. If the pH value of a solution is
less than 7 at room temperature, the concentration of
hydrogen ions in the solution is high, thus the solution is an
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acid. If the pH value of a solution is greater than 7 at room
temperature, the concentration of hydroxyl ions in the solution
is high, thus the solution is alkaline or a base. On the other
hand, if the pH value of any solution is 7, then the solution is
considered to be neutral. According to environmental safety
standards for industries all treated water effluents must have a
pH value of either 7+1 or 7-1.

PID logic control mechanism is based on optimal tuning of
the control parameters such as proportional gain, integral gain
and derivate gain according to the changes in the process [18].
Fuzzy logic control is based on the choice of an appropriate
membership function for the input and output set of
parameters.

Standalone classical PID control or Fuzzy logic based control
does not provide an ideal performance. Rather a combination
of the classical PID logic along with Fuzzy logic based
control [29] provides an optimally performing intelligent
system.
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Figure 1: Titration curve for acid-base process reaction

PID logic control mechanism is based on optimal tuning of
the control parameters such as proportional gain, integral gain
and derivate gain according to the changes in the process[8].
Fuzzy logic control is based on the choice of an appropriate
membership function for the input and output set of
parameters. Standalone classical PID control or Fuzzy logic
based control does not provide an ideal performance. Rather a
combination of the classical PID logic along with Fuzzy logic
based control [6] provides anoptimally performing intelligent
system.

2. LITERATURE REVIEW

A commonly applicable method for derivation of dynamic
equations for pH neutralization in aContinuous Stirred Tank
Reactor is presented in [8, 24]. In [1], the same control for
neutralization process control. A theory to average the value
of a mixture of solutions is introduced in [11, 14], utilizing
reaction invariant variables to calculate value of mixtures of
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solutions, instead of simple averaging of hydrogen ions. The
combination of ions is presented in [7]. In [15], a systematic
method for the modeling of dynamics of the neutralization
process is introduced. A theoretical species estimation to
obtain the inverse titration curve is developed so that the
linearization of the control loop can be utilized. Fundamental
properties of continuous control are investigated in [19] using
PIDcontroller.  Nonlinear adaptive control for pH
neutralization process using a CSTR is presented in [2].
Method of determination of pH value and control is used from
[3,12].

In [16, 5] the performance of the system on a neutralization
system is evaluated in order to gain additional understanding
in terms of real-world applications. A nonlinear controller
using feedback is developed in [34] by linearizing input given
to a non — varying model of the process by using a PI
controller which uses nonlinear results and a recursive least
squares parameter estimator. A mathematical modeling of the
neutralization process in a CSTR based on a physio-chemical
approach is presented in [14]. In [11], an adaptive control for
a chemical waste water treatment plant is also presented. The
same method is used in [15]. In [20 and 25], author presented
a new approach for an adaptive combined feedback-feed
forward control method for control which was based on a
quantitative physio-chemical analysis of the neutralization
process. However, this work has high SNR. A similarmethod
is extended by using an adaptive controller in [13].
Anassessment of linear and non-linear control for pH
neutralization is presented in [6]. In [5, 33], the study of the
controller’s performance, such as tracing flow-rate set point,
operation ,study of settings of normal process operation and.
A new methodof control using a reactor to include the
nonlinearities of the neutralization process is described in
[31]. Indirect adaptive nonlinear control of pH neutralization
process is presented in [34]. In [20 and 26] practical control
design issues for neutralization are investigated with the
objective to design an adaptive identification method using
extended Kalman filter. In [4, 13, and 17] author outlines the
basis of the controller and develops a fuzzy relationship
model which is based on fuzzy inference.Relatedmethods are
discussed in [6, 9, 22, and 23]. In [33, 31 and 30], a method
using genetic algorithm is used to modify membership
functions in reaction to changes in the process. In [10, 26 and
28] a fuzzy based PID control of non-linear system is applied
but this work doesn’t consider the system’s features involving
delays in signal transmission. Mathematical modeling of pH
process is done as in [21 and 32].

3. PROPORTIONAL INTEGRAL
DERIVATIVE (PID) CONTROL
DESIGN

Fig 2 shows the characteristics curves for flow rates of the
acid and alkaline valves in a pH neutralization mechanism.
The flow rates are measured using flow meters. It can be seen
that flow controlfor the opening of the valves (up scaling) and
the closing of the valves (down scaling) is different. The PID
control logic is designed to set right the error value that varies
from 2% to 6% [1]. Initially, the proportional gain is a
minimum value and the integral and derivative terms are set to
give no(zero) action. The proportional gain is slowly
increased until oscillations start appearing in the response of
the closed-loop system. The gain is later adjusted to maintain
the oscillations at single constant value of amplitude [3]. The
value of gain that achieves this condition of constant
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amplitude oscillations is thefinal proportional gain with value
(G=18) at the period 33.

(a) Acid stream (b) Alkaline stream
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Figure 2: Flow-rates of acid and alkaline streams

Based on Table 2 proportional gain is Kp = 10.8, integral gain
is Ki = 0.65 and derivative gain is Kd = 44.5.

Table 2: Ziegler-Nichols tuning formula for a closed loop
system

Type of controller | P Pl PID

Proportional Kp 0.5G | 0.45G 0.6G

Integral Ki 1.2Kp/P | 2Kp/P

Differential Kd KpP/8

4. FUZZY LOGIC CONTROLLER
DESIGN

Fuzzy logic controller mainly consists of three sections or
steps:

(i) Fuzzification: It is the process of converting the process
variables (system inputs) into grades of membership

(ii) Fuzzy interference: It is the process of mappingthe input
space on to output space using membership functions, logic
operations and if-then rule statements

(iii) Defuzzification: It is the process of providing quantifiable
values (control valve inputs for PID controller) in terms of
given fuzzy sets and membership degree.

The performance of fuzzy control logic is dependent on the
choice of the membership function of input and output
sets.All the process variables are controlled automatically,
with the set point being the only exception, which is set
manually [9].The automatic control of the other variables is
done on the basis of the feedback from the output values. The
fuzzy controller maintains the corresponding value while
controlling the process control variables [2]. When the current
value is less than the desired value, Fuzzy logic controller sets
a newvalue for the set point PID flow rate controller. The new
value of current set point is decided by the difference between
the current value of the plant reactor and the desired value.
The overall diagram is shown in Fig. 3
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Figure 3: Logical diagram of fuzzy based PID controller

Figure 4 shows the input membership for input set 1, which is
the measured pH value.The central condition is between -0.5
and 0.5 to guarantee the evenness of the desired value and to
make the achievement of zero offset for steady state possible.
The overall performance of the system is given by the input
and output sets membership functions.
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Figure 4:Membership function of input set 1.

Figure 5 shows the membership function of input set 2, which
is the set point of pH and isentered manually.

Figure 5: Membership function of input set 2.

Figure 6 shows themembership functionof output set.The
output set is the set of output values to control the opening of
acid and alkaline control valves.

Table 4, shows the rule base for firing the inputs and to give
rise to the right output values so as to control the pH value at
the right level.
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Figure 6: Membership function of output set.

Table 4: Rule base
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5. EXPERIMENTS

The experiment is done to check the performance of the
combination controller comprising of PID controller and
fuzzy logic controller.

(a) Set point changes
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Figure 7: Performance of combination control mechanism.

The manual set point used is pH =7. Here the typical amount
of H,SO, is mixed with typical amount of NaOH and two
changes are made one is pH value=7 and the second is pH
value=10. It helps in determining the response time of the
system.

Another experiment is carried out to check the sturdiness of
the combination controller. Here many set points are
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introduced in the form of a square wave at different time
points.The range of input values are from pH = 6 to pH =
10.The initial pH value remains unchanged and is set to 7.
The third experiment compares the performance of the
combination controller of Fuzzy Logic and PID controller
against normal Fuzzy Logic controller. For this experiment,
pH value is varied from six to ten and the performance is
observed.

6. RESULTS

The result of the experiment is shown in Fig. 7. It can be seen
that initially the pH value is set to 7 and at a time interval of
step 300 sec, the input to the system changes to pH = 10.
Output trails the input and at time step 380 sec, output reaches
pH= 10. But a delay can be seen in the output as the flow rate
of the classical PID controller is dependent on the flow valves
of acid and alkaline streams. The output follows the input as
seen. The control valves have different rise and fall time and
so the time delays are also different.

7. CONCLUSION AND PROPOSED
FUTURE WORK

This paper presents a combination control mechanism (PID
and fuzzy logic controller) for control pH neutralization
process pilot plant. It covers the existing operating range of all
pH values. It is also observed that the combination controller
is high on stability when compared to the normal fuzzy logic
controller. Practical tests are proposed to be carried out on a
real time system to validate the proposed system in a practical
environment.

The design methodology presented in this paper is applicable
to any general pH neutralization process plant with
mechanical flow meters. The sturdiness of the combination
controller is dependent on the flow rate control valve, pH
value meter, flow transmitter and concentration monitoring
sensors as these instruments are the manipulating variables
during real time controller design and implementation.
Proposed future work is to design an adaptive neural network
based controller can be used to achieve the same objective.
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