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ABSTRACT-This paper suggests an idea to design an adaptive PID controller for Non-linear liquid tank 
System and is implemented in PLC. Online estimation of linear parameters (Time constant and Gain) 
brings an exact model of the process to take perfect control action. Based on these estimated values, the 
controller parameters will be well tuned by internal model control. Internal model control is an 
unremarkably used technique and provides well tuned controller in order to have a good controlling 
process. PLC with its ability to have both continues control for PID Control and digital control for fault 
diagnosis which ascertains faults in the system and provides alerts about the status of the entire process. 
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I. INTRODUCTION 
  Industrial control systems have galore features as such as non linear, time delay, and time invariant etc, these 
features causes difficulties in obtaining the exact model. The cone is a well known system, which is having high 
non linearity, due to the variation of the area with respect to height. This non linearity makes requirement of 
adaptive PID controller to minimize the error between the desired and actual response. Normally process 
industries employ PID controller algorithms as it is simple and provides ease of access. The normal PID 
controller fails to stabilize the system if the process has non linearity and a time delay [1], because non linearity 
limits the performance of PID [2]. The normal PID controller produces an oscillation when the set point has 
sudden changes. But non linear (adaptive) PI provides better control action than ZNPI [3] 
Intelligent control has some special characteristics which include adaptation, planning and learning like basic 
features of human intelligence. The adaptive controller plays a vital role in nonlinear process. 
  Control engineers have used many adaptive algorithms for the PID controller. Among the various controllers, 
gain scheduling is the most famous algorithm which is used to tune the parameters depending upon the various 
operating conditions. Combination of adaptive algorithm and learning algorithm afford a variable gain 
scheduling for different functioning situation [4]. The gain scheduled PID controller is used for modeling and 
control extremely non linear system like inserting spherical two tank system, conical tank, etc,,. [5]. Fuzzy PID 
provides better response than PID controller. The fuzzy controller used to regulate the tuning parameters of PID 
like proportional, integral and derivative gains depends on the process dynamics. The highlight of that paper is 
the relative rate observer which is used for scaling the parameter regulator [6]. 
   In many of the nonlinear process, obtaining accurate model is an extremely difficult task. Neural network 
plays a vital role to obtain the mathematical model of the nonlinear process. The online updating neural PID 
controller is used in nonlinear system to overcome the model problem [7]. Modeling the unknown system is 
comfortable by estimation of parameters [13]. Internal model control used for online tuning of PID based on 
estimated values of parameters that provides excellent control action [14], [15]. Internal model control based 
PID tuning is effective and simple to design in industrial process applications [16]. The pattern based adaptive 
algorithm is used in tuning the controller parameters of PID and store the parameters concordant to different 
operating environment implemented on PLC [8]. 
       PLC stands for programmable logical controller which is having the sequential programming. The noise 
interference is a major problem in manufacturing industries. The computers don’t have a capacity to withstand 
various noises like temperature, vibration etc. So it fails to operate in the correct manner. But PLC’s can 
withstand these conditions. In industrial automation, it is necessary to reduce the human interaction with the 
process due to automation and security requirements, which can be assured by implementing PLC’s [10]. A 
fuzzy PID controller has been implemented in PLC for controlling the first order plus dead time process [6]. The 
adaptive algorithm implemented by PLC brings the system to stability and non chafing of noise in industries [9]. 
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II. MATHEMATICAL MODEL 
Non-linear liquid tank system exhibits non-linear relationship between its height and Flow rates due their 

variations in cross-section area. The Mass balance equation of the conical tank states that, the change in volume 
equal to the difference between the inflow rate and the outflow rate of the tank which has non-linear relationship 

[11].  ௗయௗ௧ ൌ ିೡ√
π൬ RమయHమ൰                                                                                                                                           (1) 

 

III. STRUCTURE OF ADAPTIVE PID 

 

 

Fig. 1. Structure of adaptive PID 

 

Uc-controller input 
Yc-controller output 
The adaptive PID controller, which updates by tuning algorithm on tuning parameters. The PID conroller is the 
combination of proportional integral and derivative controller. These gains values provide the controller output 
to take controlling action on the plant. PID is the most beneficial controller, only on the linear system has no 
changes in process dynamics. 
Nonlinear system should have different controlling action depends on the dynamics of the process and is 
provided by the adaptive PID controller. The tuning algorithm makes PID controller as the adaptive PID 
controller along changing the parameters of the controller. 

IV. ON-LINE ESTIMATION OF LINEAR PARAMETERS 
Let us consider the transfer function of the first order system as linear function whose parameters are the gain 
(K) and time constant (τ) , which have to be estimated ݕ ൌ ܵ߬ܭ  1                                                                                                                                                                                                       ሺ2ሻ 

The Discrete model of the first order system in terms of difference equations is given by equation (6) with 
sampling time (ts)  

ሺ݊ሻݕ ൌ ሺ݊ሻݑ݇  ሺ݊ݕ െ 1ሻ߬ݏݐቀ߬ݏݐ  1ቁ                                                                                                                                                                          ሺ3ሻ 

Lets us consider the discrete model for the past sample data ݊ ՜ ሺ݊ െ 1ሻ Equation (3) can be altered as shown 

in (4) 

ሺ݊ݕ െ 1ሻ ൌ ሺ݊ݑ݇ െ 1ሻ  ሺ݊ݕ െ 2ሻ߬ݏݐቀ߬ݏݐ  1ቁ                                                                                                                                                          ሺ4ሻ 

On Solving Equation (3) and (4), the linear parameters are estimated in instant as follows, 

݇ሺ݊ሻ ൌ ݇ሺ݊ሻݕሺ݊ሻ െܶሺ݊ሻሺݕሺ݊ െ 1ሻ െ ሺ݊ሻݑሺ݊ሻሻݕ                                                                                                                                                    ሺ5ሻ 

ܶሺ݊ሻ ൌ ሺ݊ݕሺ݊ሻݑ െ 1ሻ െ ሺ݊ݑሺ݊ሻݕ െ 1ሻݑሺ݊ሻ൫ݕሺ݊ െ 1ሻ െ ሺ݊ݕ െ 2ሻ൯ െ ሺ݊ݑ െ 1ሻሺݕሺ݊ െ 1ሻ െ  ሺ݊ሻሻ                                                                                                                           ሺ6ሻݕ
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Where, K (n)is the gain of the model and T (n) is the normalized time constant. From equation (5) and (6), it is 
evident that the parameters can be determined by using only five instants of the input and output data. This 
makes the estimation algorithm simple and can be programmed in a PLC effectively. 

V. VALIDATION OF ONLINE ESTIMATION USING LINEAR SYSTEM 
The Efficiency of the proposed algorithm was validated by considering a known first order transfer function that 
gain and time constant values are fixed as follows,  ݕሺݏሻݑሺݏሻ ൌ 12.82.5ܵ  1 

Gain (k) =12.8  and Time constant (߬ሻ=2.5 
  These parameters are constant for entire process. The output and input samples taken from the process for a 
sampling time period ts. 
 
 

 

Fig. 2. Randomly input given to the process and output response of the process 

From these samples, process gain and time constant can be estimated by the equations (5) and (6)  
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Fig. 3. Estimated values of gain (k) and Time constant (߬ሻ 

VI. ON-LINE ESTIMATION OF LINEAR PARAMETERS FOR NON LINEAR SYSTEM 
              FIN-75lph and Area of conical tank  

ܣ ൌ 3.14 ൬ܴ כ ܪ݄ ൰ଶ ሺ13ሻ 

ݐ݄݀݀ ൌ ൫ݑ െ ݒ݇ כ  ܣ/ሺ݄ሻ൯ݐݎݍݏ

 

Fig. 4. Output response of conical tank 

0 2 4 6
0

5

10

15

Time (sec)

G
a

in
 (

k)

0 2 4 6
0

1

2

3

Time (sec)

T
im

e
 c

o
n

st
a

n
t

0 50 100 150 200
0

5

10

15

20

Time (sec)

H
e

ig
h

t (
cM

)

Kesavan.E et al. / International Journal of Engineering and Technology (IJET)

ISSN : 0975-4024 Vol 5 No 2 Apr-May 2013 913



 

Fig. 5. Estimated values of gain (k) and Time constant (߬ሻ 

VII. MODEL VALIDATION FOR NON LINEAR SYSTEM 
Model validation is used to ensure correct modeling of the process. Modeling the system is based on estimated 
values of process which is used to tune PID controller. So is estimating gain and time constant should be correct 
for perfect controlling action. ݕሺݏሻݑሺݏሻ ൌ ݏ߬݇  1 

ሺ݊ሻݕ ൌ ሺ݊ሻݑ݇  ሺ݊ݕ െ 1ሻܶሺ݊ሻሺܶሺ݊ሻ  1ሻ                                                                                                                                                                   ሺ7ሻ 

The estimated values of gain and time constant substituted in equation (7). The process input is given to this 
model and compare with response of real time system. 
 
 

 

Fig. 6. Comparison of process and model output response 

This response shows that the Model is exactly same as a process which indicates estimated values are perfect. 

VIII. TUNING ALGORITHM 
Internal model control plays critical role for set point tracking and disturbance rejection by tuning of PID 
controller [12].  
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Fig. 7. Structure of IMC 

The transfer function of the model is ܩ כ ሺܵሻ ൌ ܭ ሾܶכ כ ܵ  1ሿ                                                                                                                                                                               ሺ8ሻ 

The equation for PID is ܿܭ ቂ݁ሺݐሻ  ଵ்  ݁ሺݐሻ  ܶ݀ ௗሺ௧ሻௗ௧ ቃ                                                                                                                     ሺ9ሻ 

ܿܭ ൌ ܭܶ כ ݈݁݉ , ܶ݅ ൌ ,ܶ ܶ݀ ൌ 0 

IX. SIMULATION OF ESTMATION AND TUNING BY PLC 
   The model is developed based on estimated values of gain and time constant. By using these values IMC 
tuned the PID controller is controlled the process of level maintain in conical tank. All the above algorithms 
have been implemented by PLC. 

X. FAULT DIAGNOSIS 
Faults in the system makes controller ineffective, even we have an adaptive algorithm. To overcome this issue 
the fault diagnosis will be used. Faults can be classified in two types, signal faults and equipment faults.  These 
faults can be diagnosed by logical and sequential diagnosis models that are used to identify the signal and 
equipment faults in the system [17]. PLC is the easy device to have good fault diagnosis in system.  
Setpoint-7Cm 

 

Fig. 8. Level control and fault diagnosis using PLC 
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Fig. 9. Alarm table for fault diagnosis 

XI. CONCLUSION 
The adaptive PID has been implemented on PLC and is used to control the level of conical tank. The online 
modeling and tuning leaded non linear to linear system. The estimation of gain and time constant has been used 
to model the system exactly. By using these estimated values IMC is tuned the PID controller for the required 
response. Finally correct tuned PID controller controlled the level of the tank according to desired height. So 
that adaptive PID is the best controller for conical tank. 

REFERENCES 
[1] R.Monojmajunath, S.Janakiraman,” Fuzzy adaptive PID for flow control system based on OPC”, UCA special issue on Computational 

science - new dimension & Perspectives, NCCSE, 2011. 
[2] IsinErenoglu, Ibrahim Eksin, EnjinEsil, MujdeGuzelkaya,”An intelligent hybrid fuzzy PID controller”  
[3] R.Anandanatarajan, M,Chidambaram, T.Jayasingh,”Limiotation of a PI controller for first-order non linear process with dead 

time”,ISA transaction,vol.45(2), pp.185-199, 2012.  
[4] NafizAydin HIZAL, “Gain scheduling adaptive control”, Tr. J. of engineering and environmental science (23),1999.  
[5] D.Dhineshkumar, B.Menakshipriya, “Design and implementation of non linearsytem using gain scheduled PI controller”, Procedia 

engineering.38, pp.3105-3112, 2012.  
[6] OnurKarasakal, EnginYesil, MujdeG.U.Zelkaya, Ibrahim Eksin,”Implemetation of new self-tuning Fuzzy PID controller on 

PLC”,Turk J of electrical of electrical engineering, vol.13,(2),TUBITAK, 2005.  
[7] Ho Pham Huy ANH, Nguyen ThanhNamz, ”A new approach of the online tuning gain scheduling non linear PID Controller using 

Neural network”   
[8] Juan Pablo Segovia, Daniel Sbarbaro, Eric Ceballos, ”An adaptive pattern based non linear PID controller”, ISA Transaction.43, 

pp.271-281, 2004.  
[9] RamazanBayindir, YucelCentinceviz, “A water pumping control system with aprogrammable logic controller(PLC) and industrial 

wireless modules for industrial plants-An experimental set up”,ISA Transactions.40, pp.321-328, 2011.  
[10] Wang Hong, “Design of PLC-based hydraulic systems for work piece turnover”, Procedia Engoneering.15, pp.122-126, 2011.  
[11] S.Anand, V.Aswin, S.Rakeshkumar, “Simple tuned adaptive PI Controller for conical tank process”.  
[12] Ankitporwal, VipinVyas, “Internal model control and IMC based PID controller”, A Thesis submitted in partial fulfillment of the 

requirement for the degree of B.tech, pp.12-13, 2009-2010.  
[13] Tor Steiner Schei, “Automatic tuning of PID controllers based on transfer function estimation”,Automatica, vol.30(12), pp.1983-

1989,1994.  
[14] J.ArputhaVijayaSelvi, T.K.Radhakrishnan, S.Sundaram, “Performance assessment of PID and IMC tuning methods for a mixing 

process with time delay”, ISA Transaction.47,pp.391-397,2007.   
[15] R.Vilanova, “IMC based robust PID design: Tuning guidelines and automatic tuning” ,Journal process control.18, pp.61-70, 2008  
[16] Dazi Li, FanyouZeng, Qibing Jin, Lideng Pan, “Applications of an IMC based PID controller tuniong strategy in atmospheric and   

vaccum distillation units” ,Non linear analysis: Real word applications.10, pp.2729-2739, 2009.  
[17] W.Hu, A.G.Starr, A.Y.T.Leung, “Two diagnosis model for PLC controlled flexible manufacturing systems”  ,International journal of 

machine tool & manufacture.39, pp.1979-1991, 1999. 

Kesavan.E et al. / International Journal of Engineering and Technology (IJET)

ISSN : 0975-4024 Vol 5 No 2 Apr-May 2013 916


	PLC Based Adaptive PID Control of NonLinear Liquid Tank System usingOnline Estimation of Linear Parameters byDifference Equations
	ABSTRACT
	Keywords
	I. INTRODUCTION
	II. MATHEMATICAL MODEL
	III. STRUCTURE OF ADAPTIVE PID
	IV. ON-LINE ESTIMATION OF LINEAR PARAMETERS
	V. VALIDATION OF ONLINE ESTIMATION USING LINEAR SYSTEM
	VI. ON-LINE ESTIMATION OF LINEAR PARAMETERS FOR NON LINEAR SYSTEM
	VII. MODEL VALIDATION FOR NON LINEAR SYSTEM
	VIII. TUNING ALGORITHM
	IX. SIMULATION OF ESTMATION AND TUNING BY PLC
	X. FAULT DIAGNOSIS
	XI. CONCLUSION
	REFERENCES




