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ABSTRACT

This research aims to develop a control scheme for automatic control of dosing pump for a laboratory based water
treatment plant. The chemical dosing pump delivers the alum with different flow rates depending on the dosage
requirement for the laboratory based water treatment plant. The alum flow rate is controlled by an intelligent
controller, which includes a neural network and a pulse width modulator. The intelligent controller is a steady state
feed forward controller. The result shows that the steady state feed forward controller will be able to control the
flow rate accurately.
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INTRODUCTION

The purpose of dosage control is to reduce theidilybof the drinking water below accepted standard
Conventional controllers like Proportional Integaaid Derivative controllers cannot be used becafisee nature
of water treatment process. Alum dosage reducetutbality of the water. At the same time excessradosage
leads to health hazards. Hence the conventiondbesk control is not suggested in this paper. Isade control
systems, especially in the water treatment profeess forward controller is preferred[The quality of the water is
to be measured at the input side of the waternresat plant and the desired amount of alum mustddedto take
corrective action.Normally alum is available in fleem of solid. Controlling the flow rateof soliduen is difficult.
Hence saturated solution of alum is prepared byingiknown quantity of alum with known quantity oistilled
water. This saturated solution is fed to the wateatment plant by a pump. As per the laboratorsedawater
treatment plant requirement the pump must be opeéraetween 2.3%10" to 2.13X10° cubic meter per second.
The pump speed is controlled by pulse width modaaf2]. This paper focuses only on the developn@nan
intelligent control of the alum dosing pump usingteady state feed forward controller, which useswal network
and pulse width modulator.

EXPERIMENTAL SECTION

The pilot plant for the water treatment processetliyed in the laboratory provides the facility fbe design and
testing of alum dosage controller. Pilot plant u#ds the three major water treatment processesgjutation,

flocculation, sedimentation and a dosing tank vgthmp. The pump used for alum dosage control is ¥firedd

Washer Pump. The dosage is fed to the coagulatiok Coagulation is a fast mixing process wherealhen is

mixed with the suspended solids to produce flo¢sTHhe next process is a slow mixing process cdltectulation

where the flocs combine together and form largeesfl The last process is sedimentation which remthe larger
flocs by gravity method. The option for removingdge is given in sedimentation process.
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Dosing Control

Feed forward controller is suitable for water tneant process since it is a very slow systeni[be changes in the
treated water turbidity from the above mentiondmblatory based water treatment plant for a padicalum dosage
can be observed only after one and a half hours.cbimtroller cannot wait for a long time to takesidion, hence
the changes in the input water quality parametersreeasured and the required alum dosage is addid mput

raw water immediately.

Pulse Width M odulation

Open loop control is implemented for the alum dgsgstem. Pulse width modulation is used by moshefopen
loop control systems. The relationship betweendily cycle and controlled variable is used for saohtrol [6].
Pulsewidth modulation is a commonly used technifuecontrolling the electrical devices. The conteaition is
derived by controlling the average value of voltége to the pump. The power supplied to the pumyaised by
the duty cycle. Power supplied to the load is iaseal by keeping the switch in on position for aglqeriod
compared to the off period andthe power supplietthédoad is decreased by keeping the switch ipaosition for a
long period compared to the on period. Duty cyslexpressed in percentage, 100% being fully onC8adeing
fully off. The alum flow rate through the pump iedided by the duty cycle. The switching frequenhgsen is
1000 Hz. The Pulse width modulation (PWM) controtietput is depicted in Figure 1. IC L298 is usedltive the
pump for the desired flow rate. IC L298 acts asvidch between supply and the load. The pump isedriby 9 V
DC.
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Figl: PWM Controller output

Calculation of Dosage Flow Rate

Table1: Alum flow rate reguirement

S| Alum Dosage required for Liquid Alum Dosage required for Liquid Alum Dosage required fo  Liquid Alum Flow

Nc; 0.001 cubic meter of raw 0.001 cubic meter of raw water (cubic 0.00333 cubig meter of raw water Rate(cubic meter pe
water(kg) meter) (cubic meter) second)

1 0.0094 0.0000282 9.3908610” 9.3906X 107

2 0.011 0.000033 1.098910° 1.0989% 10°

3 0.0108 0.0000324 1.0788210° 1.07892% 10°

4 0.008 0.000024 7.99210° 7.992X 107

5 0.0104 0.0000312 1.0388610° 1.03896X 10°

The alum dosage required to treat 0.001 cubic mwedsrfound using Jar Test [8]. The Jar test wasatsg to find

the alum dosages for many samples. These datafeermto the artificial intelligence network ttecide the

required alum dosage for the raw water [9]. The weater flow rate is fixed at 3.3810°m*/sec. The amount of
alum required for the water treatment process lisu@ted using artificial intelligence. Alum dosageprepared by
dissolving 3 kg of alum into 3102 m® of distilled water. Table 1 shows the dosing floate for different alum
dosages. Only five cases of alum dosage requirearerghown in table. Simple arithmetic calculatians used to
find the flow rate using LabVIEW.

Experimental Analysis

The manipulated variable in the dosage controlesyss duty cycle of the pulse width modulation. Ebximent was
conducted to find the flow rate of the pump foriwas duty cycles and the results were tabulatehlite 2. The
minimum flow rate is 2.3% 10'm’/sec and the maximum flow rate is 2.1348)°m?/sec. The minimum and the
maximum flow rates are obtained at 41% and 100% dytles respectively. The data collected from the
experiment are used for the development of intefitgcontroller.
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Table2: Flow rate of Alum for various Duty Cycles

Flow Rate Flow Rate Flow Rate
Duty cycle (%) (Cubic metre/ second Duty cycle (%) (Cubic metre/ second Duty cycle (%) (Cubic metre/ second

41 0.000000237 61 0.0000008197 81 0. 0000015442
42 0.0000002463 62 0.0000008475 82 0. 000001562%
43 0.0000002564 63 0.0000008772 83 0. 0000015679
44 0.0000002717 64 0.0000009091 84 0. 0000015748
45 0. 0000002941 65 0.0000009434 85 0. 0000015803
46 0. 0000003185 66 0.0000009804 86 0.0000016
47 0.0000003546 67 0.0000010204 87 0.0000016297
48 0.0000003788 68 0.0000010638 88 0.0000016524
49 0.0000004065 69 0.0000011111 89 0.0000017241
50 0. 000000431 70 0.0000011628 90 0.0000017409
51 0.0000004673 71 0.0000011905 91 0.0000017754
52 0. 000000495 72 0.0000012195 92 0.0000018215
53 0.0000005319 73 0.00000125 93 0.0000018389
54 0.0000005682 74 0.0000012821 94 0.0000018776
55 0.0000006024 75 0.0000013158 95 0.0000019054
56 0.0000006494 76 0.0000013514 96 0.000001947
57 0.0000006849 77 0.0000013889 97 0.0000019701
58 0.0000007246 78 0.0000014286 98 0.0000020559
59 0.0000007576 79 0.0000014706 99 0.0000020359
60 0.0000007937 80 0. 0000015152 100 0.0000021349

Flow rate is measured using a standard jar. Thepsswitched on with any one duty cycle and thecpss fluid is
allowed to fill the standard jar. The time takenfitbone liter of process fluid in the standard ja found using a
timer. The same procedure is continued to findflthe rate of each duty cycle. This method givesftbes rate unit
as liter per second which is converted to the 8laubic meter per second.
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Fig2: Implementation of Intelligent Dosing Control System using LabVIEW

Development of Intelligent Controller

Neural network is suitable for predictive contr8l [LO].Here neural network is used as an intelligemtroller.
Sixty data are used in neural network developmemtgss. Among the sixty data 70% of data is usedr#ining,
15% data is used for testing and 15% of data aeel fier validation. The network is trained with leberg-
marquardtbackpropagation algorithm [11, 12]. Sithie research concentrates on the static steatdy retsponse of
dosage control, feed forward [13, 14] neural nekwsrchosen.

The network is developed using nftool availableMATLAB. Real time control is implemented with thelp of
LabVIEW. Neural network developed by the MATLABIis/oked by LabVIEW MATLAB script. Neural network
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is used to decide the duty cycle of the PWM coterdil5]. The input to the neural network conteolls the flow
rate of alum, based on the alum flow rate it prisdibe required duty cycle for the PWM controll€he predicted
duty cycle is the input to PWM controller. Thus /M controller controls the dosing pump with tresided flow
rate. The real time implementation is shown in Eigure 2. The dosing pump is interfaced with thé\WVHEEW
through NI myDAQ which is an USB based data actjarsicard.

RESULTSAND DISCUSSION

The position of the dosing tank from the coagulatiwocess tank is the major constraint in the depigcess. The
flow rate of the pump varies depending on the distabetween the dosing tank and the coagulatiocepsotank.
Based on various trials the optimum distance batwire dosing tank and the coagulation processitaftund. The
minimum and the maximum flow rates are also thestraimts considered for the optimum distance betwtee

dosing tank and the coagulation tank. The taskrgteethe intelligent controller is to decide dugclke of the PWM

controller. The intelligent controller is able teedict the duty cycle of PWM controller accurately.
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Fig 3: Actual VersusPredicted Duty Cycle

Figure 3 shows the actual and the predicted dutjesyfor various flow rates. The flow rate conteolls able to
predict the duty cycle very accurately. The rootangesquare error for the actual and the predictey dycle is
0.064 and the correlation coefficient is 0.999. ¢tehoth the actual and the predicted duty cyclesbmost same.

CONCLUSION

A small scale dosing system normally uses a dgsimgp or metering pump for controlling the dosadee @ilosage
rate must be set by the operator. The proposetliget® controller ensures the online monitoringdazontrol of
alum dosage for the laboratory based water treatplant. The intelligent steady state feed forweodtroller is
developed and tested with the existing laborat@seld water treatment plant. The steady state peaftge of the
control system is only considered because of tieeneous time required for the treatment. The alusade is fixed
based on the inlet raw water quality.The plantnigifaced with LabVIEW for the dosage control. Tfasility
enables the automatic control of alum dosage.
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