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Abstract: Temperature Measurement is one of the major controlling parameter in Industries like Level, Flow, Pressure 

etc. One of such Temperature processes is taken in this paper and Modelling of the Process has been carried out and 

Transfer function of the Single Input Single Output (SISO) system. For the particular temperature process controller 

transfer function has been determined and control parameters such as Proportional Gain, Integral Time and Derivative 

time are identified. They are numerous methods of developing a Proportional Integral and Derivative (PID) Controller, 

amongst them some methods are adopted in this paper and Comparisons of Time Domain specifications of those 

controllers has been carried out and Performance Index metrics such as Integral Absolute Error (IAE), Integral Square 

Error (ISE), Integral Time Absolute Error (ITAE), Mean Square Error (MSE) of those controllers are also compared. 

The Results are obtained from above comparisons and the optimum controller has been identified.  
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I. INTRODUCTION 

Proportional Integral and Derivative (PID) Controllers are 

widely used in Process and Control Industries because of 

their simple design, easy to use and robustness 

characteristics. Ziegler and Nicoles introduced a PID 

controller during 1940s, it is the basic controller that is 

used in Industries and Research purposes till now. Some 

of the PID Controllers are mentioned in this paper with 

their characteristics. PID Controller is designed by 

obtaining the basic transfer function of a process. In this 

paper, the Transfer function of the Temperature process is 

determined. Using the Process Transfer function, the dead 

time, Gain, Time constant are calculated and hence by 

using those parameters controller parameters such as 

Proportional Gain, Integral Time, Derivative Time are 

determined and the Transfer function of the PID 

Controller has been obtained [1]. 

If Gc(S) is the Transfer function of PID Controller then, 
 

…..    (1) 
 

Where,  

KP  is the Proportional Gain  

KI is the Integral Gain 

KD is the Derivative Gain  

The characteristics of PID Controller is that 

 It can predict the future errors also and hence can 

provide better performance. 

 It reduces offset which is  a drawback of Proportional 

Controller. 

 It has less overshoot compared to Proportional 

Integral Controller. 

 It has faster response than Proportional Integral 

Controller. 
 

The main d isadvantage of a PID Controller is that they can 

only be used along with Proportional or Proportional 

Integral Controller. 
 

This paper consists of the following sections: 

Experimental Setup of the Temperature Process. In that, 

Determination of Process transfer function and  

identification of parameters such as Time constant, Dead  

 
 

time, Gain are done. Tuning methods of various PID 

Controllers. In that, ZN-II PID Controller, CHR PID 

Controller, TL PID Controller, IMC PID Controller, 

Damped Oscillat ion PID Controller, Modified ZN PID 

Controllers are used. 
 

Minimum Error Criteria Tuning method. In that, the 

Performance Index metrics such as Integral Absolute Error 

(IAE), Integral Square Error (ISE), Integral Time Absolute 

Error (ITAE), Mean Square Error (MSE) methods are 

adopted. 
 

Comparison and Result. In that, the comparisons of Time 

domain specification of the PID Controllers mentioned 

above are compared and Performance indices of error 

criteria are also compared. The result is obtained by those 

comparisons. 
 

Analysis of Robustness. In that, the Process Control 

performance for the 20% decrease or increase in the Gain, 

Time constant, Dead time is determined and Transfer 

Function for the analysis is also obtained. 

Conclusion. The Best Controller for the Process has been 

determined and characteristics are studied. 
 

II. EXPERIMENTAL S ETUP OF 

TEMPERATURE PROCESS  

The Temperature Process consists of a heating tank 

system, with Solid Switch Relay (SSR). It has Rota meter 

to measure the Flow of the liquid(water). The type of 

control used here is SCADA. The temperature is sensed or 

detected by using a RTD PT 100. A transmitter which 

converts the process signal into 4-20 mA range output is 

used here. The Output detected is fed back to the 

controller and it is converted in terms of temperature rise 

or fall. Hence, the process can be controlled.  
 

The following are the specifications for the Temperature 

Process: 
 

Rota meter: 6-60 LPH 

Process Tank: SS304, Capacity 0.5 lit, insulated 

Type of Control: SCADA 
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Control Unit : Dig ital indicating controller with RS 485  

Communicat ion 
 

Communicat ion: USB port using RS 485-USB converter 
 

Temperature Sensor: Type RTD, PT 100 
 

Heating Control: Proportional power controller(SSR), 

input 4-20mA D.C., Capacity 20 A 
 

Overall d imensions: 400w*400D*330H mm 
 

A step input is applied to solid state relay (SSR) and 

temperature of RTD (PT 100) is recorded in excel format. 

Stored data is used to plot open loop step response in 

MATLAB. 

 
Fig.1 Experimental Setup for Heating Tank[2]. 

 

A. Determination of Process Transfer Function 

The Process Transfer Function has been determined by the 

Experimental Process mentioned above. The Experiment 

is carried out and the response is taken until the steady 

state is reached without the use of the controller. The 

response of that process without controller will be a curve 

with some dead time and steady state time. By  that, Gain 

of the process can be determined which is the ratio of 

output to the input, Time Constant can be calculated which 

is the time difference from dead time to steady state and 

Dead time (i.e) the time period for which the output is not 

responding to the input is also determined. 
 

The Transfer Function of the Process will be of the form: 

 

Where, 

kpis steady state gain of system, 

is time constant of system 

tdis dead time of system. 
 

Hence, we obtain the First Order Plus Dead Time 

(FOPTD) Transfer Function form the above Temperature 

Process as, 
 

 …                                             (2) 

 

Where,  

is the Process Transfer function. 

(Water flow through Rota meter is kept at 40 LPH) [1] 

 

B. Block Diagram of Closed Loop System With Controller 

The Block Diagram of the Closed Loop system with 

Controller is shown in Fig.2 

 
Fig.2A single loop controller configuration [1] 

Where, 

R is the input of the Plant.  

Gc(S) is the Controller Transfer Function and  

G(S) is the Process Transfer Function. 

Y is the Desired Output obtained. 
 

III. TUNING METHODS OF VARIOUS PID 

CONTROLLERS  

PID controller transfer function is: 

….                                       (2) 

Where  

kc= proportional gain  

TI= Integral t ime 

TD= derivative time  
 

A. Closed Loop Ziegler-Nichols Method 

This method is a trial and error tuning method based on 

sustained oscillations that was first proposed by Ziegler 

and Nichols(1942) [14]. This method that is probably the 

most known and the most widely used method for tuning 

of PID controllers is  also known as online or continuous 

cycling or ult imate gain tuning method. Having the 

ultimate gain and frequency (Ku and Pu) can be obtained, 

the controller parameters can be obtained. A ¼decay ratio 

has considered as design criterion for this method [4]. 

Proportional, integral and derivative constants are 

KC=3.948 KI=0.456 KD=8.5425 
 

The disadvantages of this technique are: 

 It is time consuming because a trial and error 

procedure must be performed 

 It forces the process into a condition of marginal 

stability that may lead to unstable operation or a 

hazardous situation due to set point changes or 

external d isturbances. 

 This method is not applicable fo r processes that are 

open loop unstable. 

 Some simple processes do not have ultimate gain such 

as first order and second order processes without dead 

time [15]. 
 

B. Modified Ziegler-Nichols Methods 

For some control loops the measure of oscillation, provide 

by ¼ decay ratio and the corresponding large overshoots 

for set point changes are undesirable therefore more 

conservative methods are often preferable such as 

modified Z-N settings [4]. 
 

Proportional, integral and derivative constants are 

KC=2.1714 KI=0.25 KD=12.528 
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C. Tyreus – Luyben Method 

The Tyreus-Luyben procedure is quite similar to the 

Ziegler–Nichols method but the final controller settings 

are different. Also this method only proposes settings for 

PI and PID controllers. These settings that are based on 

ultimate gain and Like Z-N method this method is time  

consuming and forces the system to marg in if instability 

[4]. 
 

Proportional, integral and derivative constants are 

KC=2.05625 KI=0.054 KD=5.6485 
 

D. Damped Oscillation Method 

This method is used for solving problem of marginal 

stability. The process is  characterized by finding the gain 

at which the process has a damping ratio of ¼. And the 

frequency of oscillat ion at this  point, then similar the 

Ziegler-Nichols method these two parameters are used for 

finding the controller settings [4]. 

Gd  = Proportional gain at decay ratio of ¼  

Pd= Period of oscillat ion. 

Proportional, integral and derivative constants are 

KC=3.201 KI=0.665 KD=6.156 
 

E. The C-H-R Method 

This method that has proposed by Chien, Hrones and 

Reswich is a modification of open loop Ziegler and 

Nichols method. They proposed to use “quickest response 

without overshoot” or “quickest response with 20% 

overshoot” as design criterion. They also made the 

important observation that tuning for set point responses 

and load disturbance responses are different.  

 

To tune the controller according to the CHR method the 

parameters of first order plus dead time model are 

determined in the same manner of the Z-N method [4,1]. 

Proportional, integral and derivative constants are 

KC=3.6803 KI=0.306 KD=11.04 

 

F. Internal Model Control (IMC) 

Morari and his co-workers have developed an important 

new control system strategy that is called Internal Model 

Control or IMC. The IMC approach has two important 

advantages: 
 

 It explicitly takes into account mode luncertainty and 

 It allows the designer to trade-off control system 

performance against control system robustness to 

process changes and modelling erro rs [4]. 

Proportional, integral and derivative constants are 

KC=3.084 KI=0.071 KD=1.723 
 

IV. MINIMUM ERROR INTEGRAL CRITERIA 

TUNING METHODS  

The shape of the complete closed loop response, from time 

t=0, until steady state has been reached, could be used for 

the formulation of a dynamic performance criterion. 

Unlike the simple criteria of this category are based on the 

entire response of the process. 

The most often used are, 

Integral of the Absolute Error (IAE) where  

IAE= 0
∞
| e(t ) |.dt  

Integral of the Square Error (ISE) where  

IS E= 0
∞
e

2
(t).dt 

 

Integral of the Time-Weighted Absolute Error (ITAE) 

where 

ITAE=0
∞

t |e(t)| .dt 
 

Integral of the Time-Weighted Square Error or Mean 

Square Error (MSE) where  

MS E=0
∞
t.e

2
(t).dt 

 

Where e(t) = Ysp(t) – Y(t) is the deviation (error) of the 

response from the desired set point. 

 

V. COMPARISON AND RES ULT 

The Result of this paper is obtained by Comparing the 

Time Domain Specifications of the six PID Controllers 

mentioned above and Performance Index criteria IAE, 

ISE, ITAE, MSE. The time domain Specifications involve 

Settling time, Rise time, Peak time, Peak Overshoot. The 

Controller which has minimum Settling Time and Peak 

Overshoot and less Error will be considered as the Best 

Controller. 
  

From the curves and controller time domain specifications 

the proposed controller for this method should be Chien, 

Hrones and Reswich method (C-H-R). From the 

performance index, ISE controller for Tyres Luyben 

method should be a suitable choice. 
 

A. Comparison of PID Controllers (Time Domain) 
 

 
 

 

B. Time domain specifications Comparisons 

TABLE 1: The Comparisons of different PID controllers  

tuning methods are plotted below. 
 

 
 

C. Performance index metrics Comparison 

TABLE 2: The Comparison of different PID Controllers 

ITAE, IAE, ISE, MSE performance index are given 

below. 
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VI. ANALYS IS OF ROBUS TNESS  

The ability of the process to maintain stability though the 

parameters such as Gain, Time Constant, Dead time 

changed with 20% increase or decrease is known as 

Robustness. In this process, Gain k=2.2, Dead time td=6 

sec and Time Constant ῑ = 40.484 sec. Let, these 

parameters be deviated as  much as 20% from their values 

due to model uncertainty and external d isturbance. Let, 

there is 20% increase in dead time and 20% decrease in 

gain and time constant. Therefore, new model is: 

 

 

VII. CONCLUS ION 

The PID Controller is tuned by sending Proportional band, 

Integral Time and Derivative time which are further 

converted into Proportional Gain (Kp), Integral Gain (Ki), 

Derivative Gain (Kd).By those values the Response is 

obtained using simulation done by MATLAB. The various 

results presented prove the betterness of Chien, Hrones 

and Reswich (CHR) tuned PID controller than remaining 

five methods. The responses obtained for the model 

validated reflect the effectiveness of CHR PID controller 

in terms of time domain specification. The performance 

indexmetrices of Chien, Hrones and Reswich (CHR) ISE 

error criteria is less than the other error criteria of 

remain ing PID controllers. From the real t ime responses, 

the CHR method PID controller is suitable for th is Heating 

tank system. The features of CHR illustrated in the work 

by considering the problem of designing a control system 

for a plantof a first order system with time delay and 

obtaining the possible results. The future scope of this 

work is aimed at providing a self-tuning PID controller 

with proposed algorithm so as to solve the complex issues 

for real t ime problems. 
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