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ABSTRACT: The industrial application for controlling of single capacity tank is widely used in almost all process 
industries and most commonly used in chemical industries. Controlling of single capacity tank by using PID controller 
is presented in this paper. In this paper, Ziegler Nichols method is used for setting the parameters of PID controller. 
Simulation is done by using identification toolbox of MATLAB to check the performance of system. As the system is 
nonlinear, initially it becomes essential to linearise the process model and then PID controller is designed for the 
system. The best fit simulation results of actual process are 83.17, which are much encouraging.     
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I. INTRODUCTION 
 

Three Mode Controller (PID) is one of the most powerful but complex controller mode operations which combines 
proportional, Integral and derivative modes together. The PID Controller is invented in 1910 and the Ziegler-Nichols 
(Z-N) tuning method in 1942[1]. Now days PID is widely used in various industries. By using PID we get output within 
minimum error and overshoot. Liquid level control plays important role in large scale industries like chemical and 
petrochemical industries. Nonlinear system PID controller is more beneficial than PI controller. PID controller offers 
simplest solutions for the real world problems. In level control applications, PID controls the level of liquid according 
to given set point and it is able to accept new set point value at the run time. For developing the control system it is 
necessary to develop mathematical model of the process. This paper considers designing PID controller for single 
capacity tank system using MATLAB software. 
 The organization of paper is as follows: Section II describes all related work done earlier. The mathematical 
model of single tank level control is given in Section III. In section IV the designing of PID controller, its mathematical 
representation and PID controller parameters using ZN method are presented. Experimental results are described in 
section V. Section VI deals with the conclusion. 

II. RELATED WORK 
 

In process industries, level control mechanism is extensively used. In process applications, it is required to pump the 
water into the tank and there are various methods used to tune the PID controller to find appropriate values of the 
parameters.  
Our system objective is to design PID controller to maintain the level in tank. The model considered to develop the 
system is as shown in figure 1. 
1. Mostafa A. Fellani et. al. has used PID, P, PI controller to control the liquid level. They did the simulation using 

MATLAB, and the response of each controller is compared with PID by finding Rise time, settling time, steady 
state error and overshoot [6]. 
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2. Miral Changela, Ankit Kumar in their paper stated that the liquid level in tank and flow between the tanks is more 
important in the process modelling. PID controller, fuzzy controller and the performance of both are compared 
for their systems [7].   

3. S. Janarthanan [8] et. al. used PID controller and fractional order PID controller in their work. They have designed 
the system for conical tank system. They presented different tunning methods to find the parameters of PID.  

4. Anca Maxim[9], et. al. used model based controller to multivariable process. IMC controller is used for MIMO 
system. The PID and IMC controller were tested in two experiments consisting in set points tracking and 
disturbance rejection.  

5. Hur Abbas [12], et. al. in their work they presented working model of coupled tanks. A non linear model of SISO 
system is developed and simulation is carried out using MATLAB. Performance of sliding mode control and PID 
controller is compared.  

III. MATHAMATICAL MODEL OF SYSTEM  
 

Figure 1 show the liquid level system which contains following parameters. 
Process Parameters: 
A = Cross sectional area of tank (cm2 ) 
a = Cross sectional area of outlet (cm2 ) 
h = Water level (cm) 
K = Sensitivity of Pump 
V = Voltage to pump 
R1 = Valve Settings 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.1. Single tank system 

 
Modelling Process: 

൥
Time	Rate	of	

Change	
of	Mass	into	the	system

൩ = 	 ቂ Rate	of	
Mass	in	ϐlowቃ −	ቂ

Rate	of	
Mass	Out	ϐlowቃ 

 

A
dh
dt = 	−aඥ2gh + 	KV 
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Now, we should linearise the model around steady state operating point. Here the nonlinearity arises because of the 
term √h  
By Taylors series of expansion method around steady state hs is given by 
 

h
ଵ
ଶ	 = 	hୱ

ଵ
ଶ	 + 	

1
2 hୱ

ିଵ
ଶ	 (		h − hୱ		) 	+⋯ 

For single tank  
dh
dt = 	−

a
Aඥ2g 	ቈhୱ

ଵ
ଶ	 + 	

1
2 hୱ

ିଵ
ଶ	 (		h− hୱ		)቉ + 	

KV
A  

Let,  

T = 	
A
a 	
ඨ

2hୱ
g  

 
dh
dt = 	f	(h, V) 

 
Linear approximation of this equation can be obtained by Taylors series of expansion and truncating after first order 
system. The reference point for linearization is the normal steady state operating point (hୱ	,	Vୱ, ) 
 

f	(h, V) = 	f൫hୱ	,	Vୱ	,൯ + 	
∂f
∂h 	

(h −	hୱ	) + 	
∂f
∂h 	

(V−	Vୱ	) … … … (1) 
 
But steady state corresponds to   f (hୱ	,	Vୱ, ) = 0 and deviation variables arises out of Taylors series of expansion.  

h′ = h −	hୱ      And      V′ = V −	Vୱ 
 

dh′

dt = 	
d
dt (h −	hୱ) = ൬

∂f
∂h h′)ฬhୱ	൰ + 	൬

∂f
∂V V′)ฬVୱ 	൰… … … (2) 

Let,  
a = 	 ቀப୤

பh
ቚhୱ	ቁ  and c = ቀப୤

ப୚
ቚVୱ	ቁ 

Now,  

a = 	 ൬
∂f
∂h

ฬhୱ	൰ = 	
∂
∂h
ቀ	−

a
Aඥ2ghቁ = 	

−a
A 	ඨ

g
2hୱ

 

and 

c = 	 ൬
∂f
∂V

ฬVୱ	൰ = 	
∂
∂V 	

KV
A = 	

K
A 

 
d
dt 	

(h − hୱ) = 	
−a
A 	ඨ

g
2hୱ

	(h −	hୱ	) + 	
K
A 	

(V −	Vୱ) … … … (3) 

Above equation can be written as 
dx
dt 	= 	

−a
A 	ඨ

g
2hୱ

	x + 	
K
A u 

But  
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T = 	
A
a 	
ඨ

2hୱ
g  

So we can write above equation as  
dx
dt 	= 	

−1
T 	x + 	

K
A u 

Thus we get the state model  
ẋ = 	Ax + 	Bu̇  

 

ẋ = 	 ൤
−1
T
൨ x + 	 ൤

K
A
൨ u … … … (4)

̇
 

And Output 
y = Cx + Du 

y = Kୡx + 0 … … … (5) 
Equation (4) and (5) are the state model equations. 
 

IV. DESIGN OF PID CONTROLLER   
Process Parameters  
A = 66.242 cm2  
a= 3.14 cm2  
g = 981 cm 
K = 5.054 
V = Voltage  

					h	ୱ = 1.4 

T = 	୅
ୟ
	ටଶ୦౩

୥
 = 1.127 

 

ẋ = 	 ൤
−1
T
൨ x + 	 ൤

K
A
൨ u 

 
ẋ = 	 [−0.886]x + 	 [0.076]u … … … (6) 

 
y = [0.5]x … … … (7) 

Obtain Transfer function from state space 
G(s) = 	c[IS− A]ିଵ. B + D 

 

G(s) =
0.038

S + 0.886 
 

Ziegler Nichols Method is used for controller setting which is based on adjusting closed loop until steady state 
oscillations occur [3].  By Using Z-N Method  

 

G(s) =
0.038K୮

S + 0.886 + 0.038K୮
 

And  
Wୡ୮ = 0.886 
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Following are the parameters of PID controller 
 

K୮ = 13.98, 		T୧ = 7.088, Tୢ = 1.772	 

V. EXPERIMENTAL RESULTS 
 
 
 
 
 
 
 
 

Fig.2. Simulink model of system 
 

The Simulink model of single tank water level control system using PID controller for obtaining the step response is 
mentioned in figure 2. Here the Z-N method is used find the PID parameters. Transfer function in this system 
represents the mathematical model of single tank system. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.3 Simulation of step input  
 

Simulation results of liquid level control system with PID controller are shown in figure 3. Transfer function of a 
system is obtained after modelling of liquid system. 

 
 
 
 
 
 
 
 
 
 
 
 
 

        Fig.4. PID Controller parameters   Fig.5. Performance with PID controller 
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Figure 4 shows tunned and block parameters of PID controller. The performance parameters like rise time, settling time, 
overshoot, gain margin and closed loop stability etc were also mentioned in figure 4.  
Figure 5 represents the graphical representation of performance parameters of PID controller. PID controller gives good 
control over the process.  

 
 
 

 
 

 
 
 
 
 
 
 
 
 

 
Fig.6.Step response of system 

 
For single tank system inlet flow rate is 80 LPH and step input given 90 LPH. The figure 6, Shows step input response 
of actual level system.  

 
 
 

Fig.7.Simulated model output 
 

Best fit graph of designed system is shown in figure 7. This is obtained by using MATLAB identification tool box. 
The obtained best fit results are obtained from practical values.  

VI. CONCLUSION  
 
This paper presents a level controlling of single capacity tank by using PID controller. The system is linearise 

around a steady state and state space model is obtained. Z-N method is used to set the PID setting. Simulation was 
conducted within MATLAB environment. The block parameters and tuned parameters are approximately same. Hence 
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it may be concluded that the PID controller is the most effective controller that eliminates the offset of the proportional 
mode and still provides fast response. This system gave us 83.17 % best fit.  
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