Chapter 2

Literature Review
Alum and lime dosing controlling in water treatment plants is a developing area. In
Sri

Lanka

context,

dearth

of

literature

can

be readily

retrieved.

However

experimentations and projects are done and ongoing worldwide to some extent.
This chapter presents literature on Alum and Lime dosing controlling in water
treatment plants, microcontroller based systems, water quality parameters, jar test in
to water treatment process, covering wide range of text books, journal articles, thesis
reports, reputed websites and etc.

2.1

Historical Review

Studies were carried out related to Alum and Lime (coagulant) dosing controlling in
water treatment plants and followings describes about them.
Various types of intelligent methods used in dosing control of water treatment are one
of a study area popular in water sector.
In a research article by Juuso et al., (2003), was addressed the Linguistic equations
method, an intelligent method using to define new operating point of chemical dosing
according to the quality or amount of incoming water. In this paper data were
recorded from a real water purification process and two kinds of models were derived
for the process by using this information, namely steady state and a dynamic model.
Static model defines the new operating point and the dynamic model predicts a
reasonable dosing rate for the chemicals in the current working point. They also
stated that linguistic equation helped them handled quite small data since linguistic
equation do not necessarily need expert knowledge unlike fuzzy systems and do not
have to be as large as for neural network. They concluded that dynamic model needs
improvement before using it in the controller design.
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An integrated coagulant dosing system based on unsupervised and supervised neural
network models, as well as various statistical techniques are introduced in the
research done by Valentin et al„ (2000). The system developed includes raw water
validation and reconstructed based on a Kohonen self-organizing feature map and
prediction of coagulant dosage using multilayer perception. The performance of the
network was dependent on the quality and completeness of data provided for system
training. Also they stated that continuous updating of training data would certainly
improve the performance of the system.

Valentin and Denoeux's (2002) research was focused on a neural network - based
software sensor for coagulation control in a water treatment plant. It described the
application of artificial neural network techniques to coagulation control in drinking
water treatment plants. The software sensor developed was a hybrid system including
a self-organizing

map

(SOM)

for sensor

data validation

and

missing

reconstruction, and a multi-layer perception (MLP) the coagulation process

data
They

also stated that this system can handled various sources of uncertainty such as
atypical input data, measurement errors and limited information content of the
training set.

In the research article by Baxter et al„ (2002) was discussed a methodology for
developing with a handful of time and successful ANN models of drinking water
treatment process. They presented that the ANN modeling methodology allows
utilities to develop multiple - variable nonlinear models of complex unit processes
such as coagulant dosing control in a simple sequential fashion. Their conclusion was
ANN modeling methodology allowed utilities to develop multiple variable nonlinear
models of complex unit processes in a simple sequential fashion and with improved
usability. And they also stated that ANN technology will p l a y

a

larger role in helping

utilities meet customer and regulatory demands on finished water quality through
improved modeling in future.

Project Report, Delft 2000 was reviewed the principles of various types and
architectures of neural network and fuzzy adaptive systems and their applications to
integrated water resources for management. It concluded that fuzzy-based methods
are applied for identifying optimal control action of wastewater treatment plant
determining optimal dosage thereof and determining leakage. Combination of expert
knowledge was also applied. Fuzzy rule based systems (capable of building rules
automatically) had been applied for determining optimal control action and filling in
the measured data.
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In the research article done by Masson et al., (1999) was addressed another software
sensor design, based on empirical data ecological modeling and it stated that process
monitoring and control in water treatment relies heavily on accurate and reliable
sensor information. Whereas many process parameters can be measured continuously
using relatively simple and cheap physical sensors, the determination of certain
quantities of interest requires costly laboratory analysis which cannot be performed
on-line. They also stated that such high level information could be inferred from
available measurements of observable quantities using a statistical model called as
software sensor.
Both research article done by Mirsepassi et al., (1995) and Evans et al., (1998) were
addressed the potential effectiveness of an approach of building a software sensor for
on-line determination of optimal coagulant dosage from raw water characteristics
such as turbidity, pH. conductivity, etc., based on artificial neural network.
Studies done by Bernazeau et al., (1992) and Dental (1995) emerged an automatic
device called a streaming current detector (SCD) in coagulation monitoring and
control. This device was based on the measurement of the net residual charge
surrounding turbidity and colloidal particles in water. It required a set point to be
entered, assumed to represent an optimum water quality standard. Streaming current
values above the set point indicated an excess of coagulant, while values below the
set point indicated insufficient coagulant dosage for full flocculation to occur. A jar
test needs to be carried out to determine the set point. They also stated that this
method is costly and limited efficiency for certain types of raw water quality.
In the research article done by Trautmann and Denoeux (1995) was addressed
applications of self organizing maps (SOM's) to water quality monitoring. The SOM
model combined the goals of projection and clustering algorithms and might be seen
as a method for automatically arranging high - dimensional data. It used at the same
time to visualize the clusters in a data set , and to represent the data on a two
dimensional map in a manner that preserves the non linear relations of the data items,
nearby items being mapped to neighboring position on the map.
Studies on coagulant control and optimization done by Lind, (1994) were focused on
both manual and automatic methods to predict optimum coagulant dosage rate.
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The article written by Pask, (1993) has illustrated budget saving of selecting optimum
chemical dosage in water treatment by jar test. According to that for accurate jar test
it took minimum one and half hours.
Chazel's (2006) research on controlling oxygen

sensors with an

automotive

microcontroller had addressed the feasibility of controlling a UEGO sensor directly
from a microcontroller, with a low level of cost and complexity. The use of a
microcontroller was particularly adequate for this application. He also stated that the
two regulation loops were easily implemented on the microcontroller and interfaces
were immediately removed by software. By using microcontroller electronics came to
simple and only basic components were required since all the regulation tasks were
handled by microcontroller.

The article written by .Tahan, (2003) was discussed the parameters that characterize
water quality, measuring water quality parameters using analytical equipment and
principle of coagulation flocculation process. Also he stated that turbidity, pH value,
temperature, conductivity, dissolved oxygen and UV's absorption were the main
parameters for coagulation flocculation process. Turbidity detection was used to
measure the total solids content whereas U V ' s absorption detection could be
employed to measure the total content of dissolved organic matter.
PIC

Microcontroller

Solutions

including

the

microchip

advantage,

flexible

programming options, PIC microcontroller migration strategy, PIC microcontroller
product

architectures

(Baseline

architecture,

Mid-range

architecture,

High

performance architecture), general purpose microcontroller features (Low power
nanoWatt technology, high pin count high density memory, low pin count and space
constrained, PIC microcontrollers with high voltage support and fan control
capabilities),

PIC

microcontrollers

with

an

integrated

LCD

module,

PIC

microcontrollers with integrated USB and PIC microcontrollers with Ethernet
capabilities were demonstrated in http://www.microchip.com website, (2007).
Microcontroller Interfacing Techniques including advantages, disadvantages and
examples of digital I/O control and monitoring, voltage based control and monitoring,
parallel and serial

bus, Asynchronous communication (1-wire,

Rs232/RS485,

Ethernet) and Synchronous communication (2-wire, 4-wire) were demonstrated in
http://www.bipom.com website, (2007).
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Project done by Arthur C. Clarke Institute for Modern Technologies, (2005) was
revealed PIC microcontrollers are low cost, industry standard high performance and
8-bit with analogue to digital converters. They used PIC16F873 for their project of
length counter.
Emunrud's (2002) research on Programmable Logic Controllers has addressed on the
history of PLC development, the components that make up PLCs, need and current
effort to standardize PLCs, advantages and disadvantages compared to other control
systems. It concluded that the one major disadvantage to PLC was lack of
standardization and this caused much confusion if the PLC used for an application
was replaced by one from a different manufacturer, or if a PLC programmer was
replaced by a person with a different understanding of PLC programming.
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