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ABSTRACT: The three tank plant is a bench mark widely used for demonstration purposes in control engineering. It is 
a highly nonlinear system. In this paper, an attempt is made to model the system in state space  and  then linearise the 
model using small signal linearization and Taylor series expansion. Since this is a multiple input multiple output system 
,decoupling of control loops is done in order to cancel the effect of inter action between control loops. Then PI and PID 
controllers are designed  to control the levels of tanks and comparison of their performances are done. Results of 
comparison show that PID controllers performs better than PID for three tank system. 
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I.INTRODUCTION 

Liquid level control has a very large application domain in industry, three-tank (3T) system is the most representative 
didactical equipment widely used as a benchmark system for system modeling, identification, control, fault detection 
and diagnosis, as well as for fault-tolerant control. The system exhibits typical characteristics of a strong nonlinearity 
with different possibilities of disturbance, which makes the system useful to serve as a test environment for algorithms 
concerning state estimation, parameter identification, and control of hybrid systems[1,2]. This is a multi input multi 
output system. It is similar to many plants in industry, such as waste. water treatment plants or  refineries. In this paper, 
a linear model of the non linear three tank bench mark system is proposed[3]. The non linear.model is analytically 
linearised using perturbation theory[4]. Then the obtained linear state space model is converted into transfer matrix 
using MATLAB[5]. The control objective is to keep the levels of two tanks T1 and T2 at the desired set points by 
adjusting the flow rates of pumps(u1 and u2) to the tanks. Before designing the controllers, decoupling of the inter 
acting three tank system is performed[6,7]. Decoupling makes set point changes to affect only the desired controlled 
variables in an interacting system, where there are more than one controlled and manipulated variables.. Firstly, a 
classical PI controller is implemented in the feedback control loop so as to achieve the control objectives[8]. PI 
controller exhibits larger overshoot and higher error coefficients. Then a PID controller is designed and the response 
exhibits lesser over shoot and lesser error coefficients compared to PI controller. Even though the servo response of 
both the controllers are good  , regulatory responses of both the controllers are poor, and have a high settling time. 
 

II. DESCRIPTION OF THE PLANT 
 

The three-tank plant consists of three cylindersT1, T2, and T3 with the same cross-section A. These cylinders are 
connected serially to each other by cross-section Sn  pipes. Figure 2 shows the plant’s full structure. The right-hand 
side of tank T2 has a single outflow valve (through which Q20 flows) that also has a circular cross-section Sn. The 
liquid flowing out from the system is collected in areservoir located under the three tanks—this reservoir supplies 
pumps 1 and 2 with liquid, which eventually returns to the system (pumps 1 and 2 represent the input flows of tanks T1 
and T2)[5].In this closed system, the liquid that enters the reservoir from the tanks returns to the tanks via the pumps. 
However, these pumps switch off automatically when the liquid level of T1 or T2 exceeds a given upper limit. In 
addition to the outflow valve at T2, the system has five more valves. Two of them connect two consecutive tanks (one 
for the T1 to T3 connection, through which Q13 flows, and the other for the T3 to T2 connection, corresponding to the 
Q32  and can be manually adjusted to close the link between them. The other three are leak valves located at the bottom 
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of each tank that can be used to manually drain the tanks. Pump flow rates correspond to process input signals; the 
liquid levels in tanks T1 and T2 are the output signals. System users can manage all these signals for control purposes 
 

 
Fig. 1. Description of the plant 

 
III. MATHEMATICAL MODELLING OF THE     PRACTICAL    SYSTEM 

 

 
Fig 2: Plant Model 

 
Applying the Mass balance equation[3] , the Three tank system can be represented as 

        S ௗ௅భ
ௗ்

 qଵଷ                               (1)	ଵ-ݍ	= 

        S ௗ௅భ
ௗ௧

 ଶ଴                      (2)ݍ- ଷଶݍ + ଶݍ= 

        S ௗ௅య
ௗ௧

 ଷଶ                             (3)ݍ - ଵଷݍ= 

Where , qij represents the water flow rate from tank I to tank j 

. i=1,2,3 

According to Torricelli’s rule 

                qij = i Sp sign(Li – Lj)ඥ2݃Iܮi− LjI 

The outflow rate,  

ଶ଴ݍ              = ଶܮ௣ඥ2݃ݏଶߤ  

The full system model is obtained as, 

ଵݔ̇ = ଵݔ)ଵsignܥ− − xଷ)ඥݔܫଵ − ܫଷݔ + ௎భ
ୗ ଶݔ̇                       (4)                  = ଷݔ)ଷsignܥ − xଶ)ඥݔܫଷ − –ܫଶݔ Cଶ	sign(xଶ)ඥݔܫଶܫ + ௎మ

ୗ
                        

(5) 

ଷ̇ݔ = ଵݔ)ଵsignܥ − xଷ)ඥݔܫଵ − ܫଷݔ 	− Cଷ	sign	(xଷ − xଶ)ඥݔܫଷ −  (6)           ܫଶݔ

             Y1= x1, y2=x2, y3=x3 
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                 Xi(t) is the liquid level in tank i. 

              Ci = (1/S) iSpඥ2݃ 

 
TABLE I: PARAMETERS USED FOR SIMULATION 

 
 

PARAMETER VALUE 

S,Area of                                                                                       
tanks 

0.0154 m2 

Sn, Area of pipes 5x10-5 m2 

q1max, q2max (input 
flow    rates) 

100 ml/s 

Limax, xi, level in 
tanks,i=1,2,3 

0.62 m 

C1, C3, C2 0.0072,   0.0097 
The operating points 

x10, x20,  x30 

0.60, 0.40, 0.25 

 
After performing small signal linearization and substituting the parameter values, the transfer matrix of the 
mathematical model is obtained as, 
    The transfer function from input 1 to output 1: H11  
                                                                               2: H2 1 
    The transfer function from input 2 to output 1: H12  
                                                                               2: H22  
 

IV. INTER ACTION AND DECOUPLING OF CONTROL LOOPS 
 

One of the most challenging aspects of the control of MIMO systems is the inter action between different inputs and 
outputs. Each input will have an effect on every output of the system. ie, the outputs are coupled. When the MIMO 
system is such that each input only affects one particular output, the system is decoupled. When there are strongly inter 
acting loops, special new elements called decouplers are introduced in the control system to cancel the inter action 
effects between inter acting control loops[9].  

                                                          
                                                         Fig.3:Block Diagram of a Process with inter action 
 

In order to keep y1 constant, we introduce a dynamic element with a transfer function ܦଵ = − ுభమ(ௌ)
ுభభ(ௌ) 

                                                                                                                   Similarly        ܦଶ = − ுమభ(ௌ)
ுమమ(ௌ) 
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Substituting the values of H11, H12, H21, H22 for three tank system, we get D1 and D2. 

 

V. DESIGN OF PI CONTROLLER FOR THREE TANK SYSTEM 
 

This control mode results from the combination of proportional mode and integral mode.The main advantage of this 
composite control mode is that the one-to-one correspondence of proportional control mode is available and the integral 
mode eliminates the inherent offset.The analytic expression for PI controller is  
݌                        = 	 ݇௣݁௣ + ݇௣݇௜ ∫ ௘೛݀ݐ +p(0) 

 
VI. DESIGN OF PID CONTROLLER FOR THREE TANK SYSTEM 

 
The PID control algorithm remains the most popular approach for industrial process control despite continual advances 
in control theory. This is not only due to the simple structure which is conceptually easy to understand and, which 
makes manual tuning possible, but also to the fact that the algorithm provides adequate performance in the vast 
majority of applications. The equations of proportional mode, integral mode and derivative mode are combined to have 
an analytic expression for PID mode[11]. 
݌                     = 	 ݇௣݁௣ + ݇௣݇௜ ∫ ௘೛݀ݐ + ݇௣݇ௗ೏೐೛	೏೟

+p(0) 

 
VII. RESULTS AND DISCUSSION 

 

 The response of the system to closed loop tuned PI controller is shown below. 

 
Fig.4: Response Of PI controller 

 
Figure 5& 6 show the servo and regulatory responses of three tank system with PI controller tuned using Zeigler 
Nichols closed loop tuning method. 
 

                                                       
Fig.5 :Servo response of PI controller 
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Fig 6 :Regulatory  response of PI controller 

The responses show that the system effectively tracks the set point changes.  when a disturbance is applied to the 
system it rejects the disturbance and come back to the set point after some delay. But the over shoot in the system under 
such situations is very high 
The response of three tank system with PID controller tuned using Zeigler Nichols closed loop tuning method is given 
below in figure 7 
 

 
Fig.7 :Response of the system to PID controller 

The servo and regulatory responses of closed loop tuned PID controllers are shown below which indicates that the 
system tracks the set point changes accurately .But the settling time is high. The regulatory response shows that the 
system rejects the disturbance effectively but,the over shoot is very high 
 

 
Fig 8 :Servo response of PID controller 

                                                 
Fig.9 :Regulatory  response of PID controller 
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The comparison of responses of PI and PID controllers for a three tank system which are tuned using Zeigler Nichols 
closed loop tuning method is shown below. 
 

                                                 
Fig.10 :Comparison of Responses 

 
TABLE II: PERFORMANCE COMPARISON FOR LEVEL h1 

 
Sl No. Controller ISE IAE 
1 PI 125.5 61.24 
2 PID 17.85 48.97 

 
TABLE III: TIME DOMAIN PERFORMANCE COMPARISON  

 
Sl No. Controller ISE IAE 
1 PI 185 112.7 
2 PID 28.07 99 

 
The responses indicate that both the PI and PID controllers track the set point accurately with some delay. But the over 
shoot in the case of PID is less than that in PI. 
 The tables IIand III shows the performance indices of the controllers for the 3 tank system. 
 The table shows that the values of error coefficients are lesser for PID than PI. From the above time domain analysis 
and performance indices comparison, we came to know that PID is a better controller for the three tank system than PI.  
 

VII. CONCLUSION 
 

This paper evaluates the performance of a conventional PI and PID with decouplers  to control the levels of two tanks 
in a coupled three tank system.. After comparing the results, we conclude that, PID controller is the one which gives 
quick response with lesser overshoot  than  PI controller.But disturbance rejuction is slow in both controllers. 
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