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Design and Development of Fuzzy Logic Controller
for Liquid Flow Control
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Abstract- Thepurpose of this paper is to design a simulatiotesysof fuzzy logic controller for Hydro-Electric
Power Dam Control busing simulation package which is Fuzzy Logic Teslband Simulink in MATLAB
software. By doing sommodification of this paper, the design will be vargeful for the system relates to
liquid level control thatvidely use in industry nowadayi this paper, we used the liquid level in tankd aise
MATLAB to design a Fuzzy Controllhe control of liquid level and flow between taniksa basic problem
in the procesmdustries Measuring the flow of liquids is a criticaked in many industrial plants. Designers
can realize lowedevelopment costs, superior features, and bettdr goduct performance by using fuzzy
logic. Fuzzy Logic controller has better stabiligmall overshoot, and fast response. The papeemesuzzy
Logic Controller (FLC) method for safe reservoimtml of dams through spillway gates and it presétC
method for turbine valve to control the water fldlrough turbine for hydro power generation. Thushibws
overall effectivecontrol and operation of the mechanical equipments hydro electric power generation project
with FLC and its usefulness. Damontrol system takes information about water legateopening ratios, gate
operation as parameters and contspiiway in case of flooding. In this design twein parameters: water level
and flow rate and two output parameters: releabe wantrol and drainalve control are used.

Keywords —Fuzzy logic controller, Fuzzy logic Toolbx, Flow and Level Control, Valve Control, Simulink System Model,
Hydro-Eletric Power Plant

I.INTRODUCTION

Many of control technique very often face compliynamic systems with nonlinear or time-variable
behavior. This is the reason that the oké&uzzy logic took hold mainly in control engine®s. FLC regulator has a
very good result for complex nonlinear dynamic psses. Fuzzy logic control (FLC) can be appliedcfontrol of
liquid flow and level in such processes. The futagic based modeling of eeservoir operation is a simple
approach, which operates on an 'if-then’ principldwere 'if is a vector of fuzzy explanatory variabler premises
such as the presengservoir pool elevation, the inflow, the demandg @aime of the year. The 'then’ ia fuzzy
consequence such as release from the reservoierPeambe controlled by controlling flow through turbinaech
dams aremaintained safely through controlling spillway gatdhe control system keeps the reservoir wates
in prescribed range. Thnlinearities occur in reservoir water level fl@mdthese nonlinearities are unexpected.
The aim of this fuzzy logic based control system isattjustthe dam lake level to the desired set points in the
shortest time possible by adjusting the opennespithiivay gates. Thelevelopment of a hydro-electric power dam
control system based on fuzzy logic with two inputgater level and flow rate, and two outputs twatpor
variables: Drain valve and Control valve used ireservoir plant of Hydro-Electric Power Dam to riton the
system. To control the water release, the controéads the water level and flow rate after eveayn@ing period.
But the level of water in the Damust be controlled, and the flow between lakesst be regulated. These
simulations in the fluid system with two tanks needensor to measure the water level and control it

Il. RELATED WORK
In[1], the author mentioned that an encode the yfugets, fuzzy rules and procedures. The task is to
design and display the simulation of the fuzzy ¢ogontroller for water level tank control and ttresult of
the simulation will be display by using Rule Viewerhich is part of the graphical user interface (Btdlols
in Fuzzy Logic Toolbox in MATLAB programmed. Themilation will display the animation of the watenka
level that controlled based on the rules of fuzeyssThe purpose is to find the best way to getréiselt as
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close as the requirement for stability of the lesehtrol for the water tank. The author summarites Fuzzy
Logic Controller provides the accurate control bé tliquid level in any industrial application.

In[2], the author described the coupled tank systeshwas supplied with a photovoltaic generatdre author
also mentioned controlling variables in apgocess is very important so as to achieve thereteiutput .A
nonlinear control of an induction motor (IM) sumi with a photovoltaic generator assure the level control
of two coupled tanks. Simulation results were gitehighlight the performance of the proposed admirethod
for load disturbances and parameter variation. dilmlation results indicate that the proposed robsichemes
work very well and are robust to change in therameters of the system as well as toniahces acting
on the global system.

In[3], the author have been done the comparatiudysbf Fuzzy Logic controller and conventional PID
controller for flowing fluids. In that paper, perfoance analysis of the conventional Pl corgrodind fuzzy
logic controller has been done by the use of Ma#lal Simulink and in the end comparison of varitoe
domain parameters is done to prove that the fuagicl controller has small overshoot and fast aasp as
compared to PID controller. The author provided tha response of the PID controller is oscillatetyich can
damage the system. But the response of the fuzgy émntroller is free from these dangerous ogdaiies in the
transient period. Hence, it is concluded that teventional PID controller could not be used fae tontrol of
non-linear processes like fluid flows. So, the m®gd fuzzy logic based controller design can beetemble
choice for that.

In[4], the author explained that fuzzy logic methedrery useful for such problem solving approacbhsas
small hydro power generation. The rule base and lmeship functions have a great influence on the
performance and efficient of the plant. The preséundy intends to contribute for the improvementuazy logic
application through use of MATLAB FIS editor or maah calculations for hydro power generation.An aéint
and accurate method based on fuzzy control is pegpdéor the hydro power generation and reservaratng
system in dams for safe and efficient performafite author also mentioned that this work can bersd to
develop a method for relating fuzzy logic-linguistiariables with various efficient control of othemewable
energy generation in future.

In[5], the author designed that the constructiorHgtiro-Electric Power Dam Control System using Ruzz
Logic. In this design two input parameters: watrel and flow rate and two output parameters: sedealve
control and drain valve control are used. This pegal system uses a simplified algorithmic designmagrh with
wide range of input and output membership functioiffse proposed simplified algorithmic design isified
using MATLAB simulation and results are found iregment to the calculated values according to thendiani
Model of the Fuzzy Logic Control System. Both thesign model and simulation results are same. Thigied
system can be extended for any number of inputsoampluts. The drain valve control output can bézet
further for land irrigation according to the neediavater release control valve for electric genenat

[11.BASIC STRUCTUREOFTHE PROPOSEHYDRO-ELECTRICPOWERDAM
Fig. 1 shows the main parts of the proposed hytirctiéc powerplant. Water in upper lake pass through the
penstock. The water travel through a large pipéedgbenstock. Controllers are used to adjust ddm lavel
in set point only within shortest time by adjustinglve openness. Sensors are used to detect veatelrdnd
flow rate. In this paper, ultrasonic sensors weae&ed. An ultrasonic sensor transmits ultrasevages into
the air and detects reflected waves from an ob)&etter release control valve generates electridibe force
of water spins the turbine. Inside the generatoat treates an electric field and producing eleitri Water
on releasing from the dam gets to the blades of ttbine all the way through the penstock. Its eloggnd
thickness determines the efficiency of the dam.UReqg power related water level and flow rate. Tdreater
the vertical distance between the upper and loaleed, the more is the generation of electricityt&dlow out
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of the penstock flows into the lower lake. The draialve control can be utilized further for landigation

according to the need.
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Figure.2: Flow chart of controller system

A. Output Power

The power available is proportional to the prodafchead and flow rate. The general formula for any

hydro system’s power output is:

P=1pgQH
P—inecnarcean puwer prouuced at the turbine shasti@y
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1| =hydraulic efficiency of the turbine

p=density of water (1000kg/n

g=acceleration due to gravity (9.81R)/s

Q=volume flow rate passing through the turbine {n/s
H=effective pressure head of water across thertarfm)

B. Liquid Tank System
The parameters of the system #re parameters of the coupled tanks apparatushvidicsed to implement
the proposed control schemes. It is important tdewstand the mathematics of how the coupled tap&es

behaves. It is also important part of control syst@nalysis. A schematic diagram for single targtesy is shown
in figure 3.

G —f—

Water in

Water out

Cout

Figure.3: Schematic Diagram for the Liquid-Tankt8ys
¢ Model Equations
The system model is determined by relating the ftpwinto the tank to the flow g leaving through the
valve at the bottom tank. The rate of flow of wateough the tank is according to Bernoulli Equatio
d Adh
EVOI = dt = qin _qout = qin _aCd Zgh
A is cross-sectional area of the tank and h ishisight of the liquid in the tank(m). In this egoata is the cross
sectional area of the orifice (m)i8 the discharge coefficient of the valve. g isvifetional constant (m#s
This equation is derived from the general Bernadluation used to estimate flow through an underfiate:
Q=a L,G/2gh
Where: Q=discharge
G=discharge coefficient
a=gate opening
L=gate width
g=gravitational constant
h=level

C. Operation

This system was designed and displayed the siroalafithe fuzzy logic controller for water levehtacontrol
and the result of the simulations were displayedubing Rule Viewer in Fuzzy Logic Tool box in MATIBA
programmed. A controller for this system was tattee water error level (desired water level- alctueter level)
as an input and the rate at which the outlet v@dvepening and closing as an output. Input of tbatroller
applied a continuous square wave for creating nantis disturbance. Another input to the controtiemes
from feedback. The controller takes the action etiog to the error generated. This error and it$vdéve is
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applied to the controller which then takes the ssagy action and decides the position of the vallieh gives
the desired flow of the liquid into the tank. Thesftioning of the valve is decided by the rulestisri in the
Fuzzy Logic Controller Rule Editor. Water level flne schematic diagram which is driven by the simkili
model changes with differing input in the rule vien For instant when the liquid level in the taslabove
the set point and the rate is negative then theewebsed slowly.

IV. FUZZY LOGIC CONTROLLER
Fuzzy Logic Controller is an attractive choice wimecise mathematical formulations are not possiliher
advantages are:
1 It can work with less precise inputs.
2 It doesn’t need fast processors.
3 It needs less data storage in the form of memherhictions and rules than conventional look up
table for nonlinear controllers.
4 Itis more robust than other non-linear controllers
There are three principal elements ao fuzzy logic controller:
a. Fuzzification module (Fuzzifier)
b. Rule base and Inference engine
c. Defuzzification module (Defuzzifier)

HYDRO-POWERDAM

Figure.4: Block Diagram of Hydro-Electric Power Déumazy control system

The algorithm designed for this system consistawaf fuzzy input variables. Five triangular membership
functions are equally determined over a scale rafged.55m to 0.55m for the water level and -0.3¢m) to

0.2(m3s1) for flow rate inputs. Two outputs of this propdssystem are: (release) control valve and drainage
valve. The control valves for release and drainagput variables consist of five membership funwioclosed
fast, closed slow, no change, opened slow, operstd f

A. FIS Editor

Fuzzy Controller has two Inputs. One is Level d tiguid in the tank defined as “level” and theatlone is
rate of change of liquid in the tank denoted ag™eBoth these Inputs are applied to the Rule ddifccording
to the Rules written in the Rule Editor the cortotakes the action and governs the opening of\thkre
which is the Output of the controller and are deddity “control valve and drain valve”. It may beeam as:
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XX e /XX

Water level Power Control valve
. (mandani)

Flow rate Drain valve

Figure.5: Mamdani type Fuzzy Controller

B. Membership Function Editor

« Fuzzy Set characterizing the Input:

Use triangular membership function typesthe input. The five membership functions, “Alodanger”,
“Danger”, “Below danger”, “Low” and “Very Low” are used tchew the various ranges of input fuzzy variable
“WATER LEVEL” in a plot consisting of four regionas shown in Fig.6.

A
Above Panger  Danger Below Danger Low Very Low
1 Region 1 Region 2 Region 3 Region 4
0.5
O |-
>
-0.55 -0.275 0 0.275 0.55

Figure.6: Membership Functions of Input Variableté/d_evel

The membership function has a triangular shipe five membership functions, “Very Slow”, “Slow”,
“Normal”, “Fast” and “Very Fast” are used to shohetvarious ranges of input fuzzy variable “FLOW R&
in a plot consisting of four regions as shown ig.H.
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A
Very slow Slow Normal Fast Very fast
1 Region 1 Region 2 Region 3 Region 4
0.5
0 >
Ll
-0.2 -0.1 0 0.1 0.2

Figure.7: Membership Functions of Input VariableWIRate

* Fuzzy Set Characterizing the Output:

Use triangular membership function types for thgpou First, set the range (and the Display Range)

(-20 20), to cover the output range. Initially, tlohosed fast membership function will have the
parameters (-20 -18 -16), trebosed low membership function will be (-12 -10 -8), for tm® change
membership function will be (-2 0 2), the openaalvsmembership function will be (4 6 8), the operiast

membership function will be (16 18 20).

A

Closed fast

Closed slow

No change Opened slow Opened fast

-2

1
0.5
0 »
-
0 -16  -12 -8 -2 24 8 16 20

Figure.8: Triangular Membership Functions of Outgatiable for Drain Valve & Control Valve

C. Fuzzy Rule
Number of active rules smNn

where m = maximum number of overlapped fuzzg setd n= number of inputs.
For this design, m =5 and n = 2, so the total remalp active rules are 25.The total number of ridesqual tahe
product of number of functions accompanied by thgui variables in their working range . The two utp
variables described here consisted of five b@ship functions. Thus, 5 x 5 = 25 rules were ireguwhich

are shown in Table 1 and 2.

Tablel:Total Number of Rules for Control Valve

low Rate| Very Slow | Slow Normal Fast Very Fas
Water le
Above Danger | Closed Closed | Closed | Closed Open
Fast Fast Fast Fast Slow
Danger Closed Closed | Closed No No
Fast Fast Fast Change | Change
Below Danger | Open No Closed | Closed Closed
Slow Chang' | Slow Slow Slow
Low Opened Opened | Opened | Opened | Opened
Fast Fast Fast Fast Fast
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Very Low Opened Opened | Opened | Opened | Opened
Fast Fast Fast Fast Fast

Table2:Total Number of Rules for Drain Valve

\H%vi?t\e Very Slow Slow Normal Fast Very Fast
Water l€
Above Closed Closed Closed Open Open
Danger Fast Fast Fast Slow Slow
Danger Open Open Open No No
Slow Slow Slow Change Change
Below No No Closed Closed Opened
Danger Change Change Slow Slow Fast
Low Opened Opened | Opened| Opened Opened
Fast Fast Fast Fast Fast
Very Low Opened Opened | Opened| Opened Opened
Fast Fast Fast Fast Fast

D. Manual calculation for Control Valve and Draialve
Fuzzy conditions:
Definitions of Water Level (m) -Input(1): AEL.1 -0.55 0),D(-0.55 -0.275 0),BD(-0.275 0 0.2Lf)
0.275 0.55),VL(0 0.55 1.1)
Definitions of Flow rate (m3/sec) -Input(2):VS(-0-8.2 0),S(-0.2 -0.1 0),N(-0.1 0 0.1),F(0 0.1
0.2),VF(0 0.2 0.4)
Now let us consider following condition:
Water Level (0.2m): BD (0.75) & L (0.25)
Flow rate (0.18m3/sec): F(0.4)&VF(0.6)
Strength of rule : [0.75" 0.4] = 0.4
Strength of rule 5: [0.75" 0.6] = 0.6
Strength of rule 7: [0.25 2 0.4] = 0.25
Strength of rule 8: [0.25 * 0.6] = 0.28bw, C.O.G. S ui*u(i) / i
Output for Control Valve: Hence, C.0.G. =
(0.4*0.25+0.6*0.25+0.25*1+0.25*1) / (0.4+0.6+0.252B): C.0.G. = 50.0%— Output.
Output for Drain Valve: Hence, C.0.G. =
(0.4*0.25+0.6*1+0.25*1+0.25*1) / (0.4+0.6+0.25+0)2E.0.G. = 80.0%— Output.

Rule Viewer
The Rule Viewer also shows how the shapeesfain membership functions influences the oVersult.

Rulesshown in Rule Editor provide inference mechanismtsgyand producing the control signal as output.In
this paper total number of active rulgistained is equal to 25 rules (Sg) as shown in Fig. Theules are based
on “Mamdani Inference Method”. The simulation résuhre obtained using a 25 rule FLC. Rules showRute

Editor provide the control strategy.
A. Response of Fuzzy Logic Controller using Rule Viewer
When the value of the level is 0.2 and the rat@ 18 then the value of control valve and drain

valve are 10.3 ,15.8 opened.
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Figure.9:Fuzzy Logic Controller Using Rule Editor fControl Valve & Drain Valve
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Figure.10:Fuzzy Logic Controller Using Rule Viewer Control Valve & Drain Valve

V.SIMULATION TEST
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Figure.2ZBimulink model by using Fuzzy Logic Contro

The controllers designedre simulated using the MATLAB/Simulink sofame. The parameters of the
system arethe parameters of ¢hcoupled tanks apparatus which is used to implg the proposed control
schemes. A simulink model of Exy Logic Controller for liquid level control:

VI. SIMULATION RESULTS

Different numbers of rules ¢h used in the system will give the different ressld the analysis for results
will be conducted. Besides thathis system will be also tested by using ddf@rtypes of methods and
membership functions. It can Iseen from these responses that the output conveéogés desired value in all
two cases. Therefore, it can bencluded that the proposed control schemes arestrdabudisturbances acting on
the system and stabilizes the wdwrels to the desired level.

The figure shows the response of the filogic controller to the step input. Then the figwsleows the input an
output response simultaneously of the ft logic controller. Yellow line shows the input anahlp line showsthe
output. Figure shows thEerformance response of Fuzzy logic controller eespely

25 AGG 24 |80 PSS MGG BAS

O A o e or 00 Op Sy - | ® - IENIE [FEREL TP PR
(a) (b)
Figure.12:(a)Performance for Fuzzy Logic Controller (b) Siatidn Result Using Fuzzy Logic Control
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VII. CONCLUSION

In this paper, reservoir of water in dam is coémlbyefficiently and accurately. The result shows thetzf/
logic controller is useful imapplications of nonlinear static characteristicd as allows the user apply their
knowledge of the problem and transfer it to an eppate systenenvironment, which is close to the human way of
thinking (liquid level tank control)The FLC on a level contrg@roblem with promising results can be applied to
an entirelydifferent industrial level controlling apparatusorFthe optimization of thenembership function
simulation evolution algorithm isised. The fuzzy logic based control, optimized dimulation algorithm
provides effective and accurakernative for human operator.
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