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Abstract: This paper presents the design of State Feedback Controller to implement it at Coupled Two Tank
Liquid Level System. The liquid level in the coupled tank is controlled by using feedback as required and also to
understand the habit and effectiveness of Integral Control State Feedback Controller. The design was
implemented using second order system in the coupled tank. The State Feedback Controller is designed using
Ackermann’s formula based on pole placement method. The Ackermann's method, besides being useful for
single-input systems, may also find application to control a multi-input system through a single input. A state
feedback control is linear combinations of state variables. State feedback focuses on time-domain features of the
system responses. The necessary and sufficient condition to be satisfied by the system for arbitrary pole
placement is the system be completely state controllable.
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. Introduction

Coupled tank liquid level system consists of double tank mounted on a reservoir for liquid storage. At
the centre of the double tank, there placed a baffle to divide it into two different small tanks. At the base of each
tank, there have a flow valve connected to reservoir. Each of the small tanks has water pump to pump water
from reservoir. Capacitance sensor is used to detect the level of the water. To measure the liquid level a scale is
placed in front of the tank. This equipment finds wide applications in the food processing and chemical
industries.

The level of the liquid return to the reservoir is controlled using state feedback control system. State
feedback will control the water pump so that liquid in tank 2 is maintained as required. The classical method is
applicable to the linear time-invariant systems. It is generally restricted to single-input-single-output systems as
this approach becomes highly cumbersome for use in multiple-input-multiple-output systems. Also the classical
method reveals only the system output for a given input and provides no information regarding the internal
states of the system. There may be situations, where the output of a system is stable and yet some of the system
elements may have a tendency to exceed their specified rating. To overcome the above drawbacks a new
approach called state variable approach is introduced which gives the information about the states of the system
variables along with the output. MATLAB has been used as graphic user interface and as simulation
respectively.

Il.  Problem Statement

Nowadays, the world economy is down and hence many of the countries are facing the same problem.
So to overcome this problem, many factories must cut cost in term of workforce to maintain the same price or to
reduce the price of their product. The thing that can overtake human responsibility is a computer. But the
computer cannot work itself without human to set the suitable program for it, so the program that have been
used here is the controller.

All equipment in this world need to be operated automatically without human attendant. To implement
this, we must use a controller with a medium to control it so that the machine or equipment can run
automatically. Normally PID and Fuzzy Logic controllers are widely used to control many of the instrument or
machine, but in this project the controller that have been used is Integral Control State Feedback Controller.

In real time, the liquid level in tank 2 will be controlled by the Integral Control State Feedback
Controller. This plant system is in second order system and the Integral Control State Feedback Controller will
be derived directly from the plant using pole placement method. We cannot manipulate anything of the
controller value by using pole placement method.
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I11.  Coupled Two Tank Liquid System

The control of liquid level in tanks and flow between tanks is a basic problem in the process industries.
In vital industries like Petro-chemical, Paper making and Water treatment industries have the coupled tanks
processes of chemical or mixing treatment in the tanks, the level of fluid in the tanks and interacting between
tanks must be controlled. It is essential for control system engineers to understand how coupled tank control
systems work and how the level control problem is solved. The problem of level control in coupled tank
processes are interacting characteristic and system dynamics. The new variable is the flow rate Q. of fluid out of
Tank 2 through valve C. Figure 1 shows the general block diagram of coupled two tank liquid system.
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Figure 1. Block Diagram of Coupled two tank liquid system
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IV. Modeling of Coupled Two Tank Liquid System
When two tanks are joined together the coupled tank system is formed as shown in figure 2. In the
coupled tank the system states are the level H; in tank 1 and the level H2 in tank 2.1f the control input is the
pump flow rate Q1, then the variable to be controlled would normally be the second state the level H2, with
disturbances caused by variations in the rate of flow out of the system by valve B. It is necessary to build a
model for each of the tank levels.
For Tank 1 the flow balance equation is
_2 dH,
Qi—0Qp = T
where, new variable is the flow rate Q, of fluid from tank 1 to tank 2 through valve B.
For Tank 2 the flow balance equation is
Qb Qc - dt

Tank Cross-Sectional
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Figure 2. Coupled two tank liquid system
The system model comes from the nonlinear equations and the two flow balances through the valves.
The system non linearity is again a square root law if the valves are ideal orifices.

dH,
Qi — Capap29(Hy — Hy) = AF
dH,
Capapy/29(Hy — Hy) — Cycac/29H, = AF
Equations describe the coupled tanks system dynamics in its non-linear form with ideal equations for
the valves. The square root law is only an approximation in general applications. To design the control systems

for the coupled tanks the equations are linearised by considering small variations gi, hl and h2. The variations
are measured with respect to the normal operating levels.
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V. Mathematical Modeling of the System
The state variable model for the two tank liquid level system is

e )k

The required time constants corresponds to the Eigen value location  s;=-5, s,=-20. The corresponding
characteristic equation is

(s+5)(s+20)=s® +255+100 =0

Step 1 : To check whether the system is completely controllable
Controllability matrix M = [B AB]

S N

1 —
Therefore M =
0 1

M| =1

The determinant of matrix M is not zero, therefore Rank =2 and rank =order of the system. So the system is
completely controllable is verified.

Step2 : Find (SI—A)

oomfs L2

s+l -1
-1 s+2
(s1-A)=s*+3s+1=0

Comparing the above equation with general equation s? +a;s+a, = O the values are
a,=3and a,=1

Step 3 : To covert the system in state controllable form. T=MW where *T’ is a transformation matrix that
transforms the system equation into the state controllable canonical form and it is used to find out the feedback

gain matrix K.

W= a, 1] |31

{10/ 10
1 -1/,|13 1 2 1
T=MW= * =

0 1 10 10
Step 4 : The desired characteristic equation is (S + 5) (s+20)=s”+255+100=0
Comparing with general equation > +a,S+a, =0 Weget o, =25and a, =100

Step 5: The feedback gain matrix K is obtained as
K= [0(2 —a, o _al]T-l
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K=[100-1 25-3]T"

T_1_0 1
1 =2

K =99 22]{O : }

1 -2
K=[22 55]

Therefore the required feedback control law is

h
u=-KX=[22 55]{” = —22h, -55h,

2

VI. Simulation Results
Simulation studies are performed by using MATLAB-SIMULINK to verify the proposed two tank
system level process with integral control State feedback controller.
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Figure 3. Open loop response without disturbance
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Figure 4. Open loop response with disturbance
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Figure 5. Closed loop response without disturbance
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Figure 6. Closed loop response with disturbance

25 T T T T T T T T 35 T T T T T T T T T
—H1
ab —H
o
251 et
_ 151 i =
; e
38 . S 15+ q
\ |
0.5 i
05 T
0 I I I I I I I r r 0 r r I I I I I I I
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
Time (sec) Time (sec)
Figure 7 . Open loop response without disturbance Figure 8. Open loop response with Servo disturbance
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Figure 11. Closed Loop response with servo and regulatory disturbances

VII. Conclusion
System designed with state feedback control system can perform well in servo and regulatory
conditions. If the state variables are used for feedback then the system can be optimized for satisfying a desired
performance index. The limitations in state feedback method are that all the state variables are measurable and
are available for feedback and also the cost associated with placing all closed-loop poles.
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