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Abstract: This paper presents design methodology for PID controller using Exact Model Matching (EMM) approach 

and multiobjective optimization with GA. The main objective is to design such a controller that can mimic both static 

and dynamic behaviour of user defined linear model. Here, we use software based approach in MATLAB environment 

for designing linear PID and also optimizing it using multiobjective optimization based on Genetic Algorithm (GA). 
Simulation results confirm the usefulness of multi-objective optimization based GA approach for designing linear PID 

controller to have better servo-regulator trade-off. 
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I. INTRODUCTION 

 

Model matching control is an important part of robust 

control system and first proposed in [9]. The main aim of 

the EMM controller is to design a closed loop transfer 

function model that exactly follows the reference plant 
model [7-8]. In, EMM, the desired closed loop plant has 

same static and dynamic behaviour as that of reference 

closed loop plant. The procedure of model matching 

controller design for SISO delay system is given in [13]. 

The model matching with delay system is presented in 

[11]. 

 

 
Fig 1 Block diagram of the model matching problem 

 

In today‟s industrial process, the mostly used controller is 
PID controller. They are very simple and reliable but they 

can be applied only on linear plant model. Since, PID 

controllers have many advantages; researchers have 

developed design technique for non-linear controller also 

[12].   
 

In this paper, linear closed loop PID controller is designed 

with EMM approach. The EMM approach imitates the 

desired plant transfer function with the reference plant 

model. A MATLAB function is created which automates 

to get the PID controller gain in MATLAB environment 

within the desired frequency range. 
 

In the approach presented in this paper the PID controller 

design using EMM is carried out first, than the  

 

 

performance as regards the time domain specification, 

including robustness are compared with another design 

using multiobjective optimization with GA. 

 
The remaining paper is organised as follows: Problem 

statement is described in Section-II, section-III gives 

overview on PID controller, exact model matching design 

equations are given in section-IV, section-V gives 

overview on genetic algorithm and its process, section-VI 

provides simulation and comparison and finally, section-

VII gives conclusion of the paper. 

 

II. PROBLEM STATEMENT  

 

In this paper, a process control with time delay i.e. First 

Order plus Time Delay (FOPTD) plant transfer function 
model is considered. 
 

General form of FOPTD plant model is given as: 

P s =
Kpg  e

−hs

1 + τc s
                                     (1) 

 

where, Kpg = process gain, 

  h     = time delay,  

τc    = time constant.  
 

Process control plant model must be expressed as rational 
function; and for this reason we are using Padé approx. 

method to approximate FOPTD plant model. The 

approximation of the delay element e−hs  is given as: 

e−hs ≈
1 −

h

2
s

1 +
h

2
s

                                          (2) 

 

The above approximation is made to make the controller 

proper. Now, by putting the approximation of delay term 

in plant model, the transfer function becomes: 
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P s ≈
K

1 + τs
×

1 −
h

2
s

1 +
h

2
s

                            (3) 

 

For above configuration, the unity feedback controller is 

having following form: 

KPID  s =
KDs2 + KPs1 + KI

s
                      (4) 

 
where, KP, KI and KD are controller gains. Thus, above 

controller contains three degree of freedom and considered 

as parallel PID controller form. 

 

In this paper, software based on the MATLAB 

environment is developed to obtain a linear PID controller 

which would mimic user defined static and dynamic 

performance. Also, we are using multi-objective 

optimization based on GA technique to minimize the 
fitness function. Here, fitness function is considered as a 

multi-objective function, since we have to deal with the 

trade off between servo-regulator modes. To maintain a 

servo and regulator trade-off, we are minimizing Integral 

Squared Error (ISE), to get a better set-point tracking and 

peak of the sensitivity function (Ms), which results in 

better robustness. 

 

III. PID CONTROLLER 

 

A PID closed loop feedback controller is mainly employed 

in industrial process control system. PID controller 
commonly calculates the error between process model 

value and desired set-point value. PID controller is mainly 

used to reduce this error value over time by using 

adjustable PID constants i.e. KP, KI and KD. 

 

 
Fig 2. Block diagram of PID controller 

 

The parallel form of PID controller in Laplace from is 

given as follows: 
 

𝐺𝑃𝐼𝐷  𝑠 =
𝐾𝐷𝑠2 + 𝐾𝑃𝑠1 + 𝐾𝐼

𝑠
                            (5) 

 
where,  

KP  =  Proportional gain 

KI   =  Integral gain 

KD =  Derivative gain 

IV. EXACT MODEL MATCHING DESIGN 

EQUATIONS 

 

Consider a closed loop control system having PID 

controller, KPID(s) with plant G(s) in series path and 

having unity feedback [1]. Design equations are as 

follows: 
 

The transfer function of plant model is given as follows: 

𝐺 𝑗𝜔 =
𝐺1 + 𝐺2𝑗

𝐺3 + 𝐺4𝑗
                                     (6) 

 

The PID controller is given by: 

𝐺𝑃𝐼𝐷 𝑗𝜔 =
𝐾𝐷(𝑗𝜔)2 + 𝐾𝑃(𝑗𝜔)1 + 𝐾𝐼

(𝑗𝜔)
              (7) 

 

The desired user defined reference plant model is given as: 

𝐻 𝑗𝜔 =
𝐻1 + 𝐻2𝑗

𝐻3 + 𝐻4𝑗
 =

𝑌1

𝑌2

                              (8) 

 

And the designed closed loop system 

𝐺𝑃 =
𝐺 ∗ 𝐺𝑃𝐼𝐷

1 + 𝐺 ∗ 𝐺𝑃𝐼𝐷

 =
𝑋1

𝑋2

                             (9) 

 

The EMM objective function is given by: 

𝐽𝐶 =   𝐺𝑃 − 𝐻 2𝑑𝜔
𝜔2

𝜔1

                             (10) 

 

Now, put Eqs. (8) and (9) in Eq. (10), we get: 

𝐽𝐶 =   
𝑋1

𝑋2

−
𝑌1

𝑌2

  
2

𝑑𝜔
𝜔2

𝜔1

                        (11) 

     

     Under optimal condition,  
𝑋1

𝑋2
=

𝑌1

𝑌2
 Or, X1Y2 - X2Y1=0 

but our objective is to find a closed loop solution so 

instead of minimizing Eq. (11) we are minimizing below 

objective function. 

𝐽𝐶 =   𝑋1𝑌2 − 𝑌1𝑋2   2𝑑𝜔
𝜔2

𝜔1

              (12) 

 

Putting Eqs. (6)-(9) in eq. (12) we get, 

𝐽𝐶 =  {(−𝐾𝑃𝜔𝑄 + 𝐾𝐼𝑃 − 𝐾𝐷𝜔2𝑃 + 𝑅)2
𝜔2

𝜔1

+  𝐾𝑃𝜔𝑃 +   𝐾𝐼𝑄 − 𝐾𝐷𝜔2𝑄
+ 𝑆)2  𝑑𝜔                                (13) 

 

where, 

P = G1H3 - G2H4 - G1H1 + G2H2      (14) 
Q = G2H3 + G1H4 - G2H1 - G1H2      (15) 

R = ω*(G4H1 + G3H2)      (16) 

S = ω*(G4 H2 - G3H1)      (17) 

 

Now taking derivative of JC with respect to PID controller 

gain, and equating the results to 0, the results obtained are 

as follows: 

  
𝐴0 −𝐴2

−𝐴2 𝐴4
    

𝐾𝐼

 𝐾𝐷
 =   

−𝐵  
𝐶

                     (18) 

 

𝐾𝑃 =
𝐷

𝐴2

                                             (19) 
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where, 

𝐴𝑥 =  𝜔𝑥 ∗  𝑃2 + 𝑄2 𝑑𝜔,   = 0,2,4
𝜔2

𝜔1

     (20) 

𝐵 =   𝑃𝑅 + 𝑄𝑆 𝑑𝜔
𝜔2

𝜔1

                              (21) 

𝐶 =  𝜔2 ∗  𝑃𝑅 + 𝑄𝑆 𝑑𝜔
𝜔2

𝜔1

                      (22) 

𝐷 =  𝜔 ∗  𝑃𝑅 + 𝑄𝑆 𝑑𝜔
𝜔2

𝜔1

                          (23) 

 

Therefore, by solving above equations we can directly get 

PID controller gains in minimum time as compared to 

other tuning techniques. 
 

V. GENETIC ALGORITHMS (GAS) 

 

A. Introduction 

Genetic Algorithm (GA) is a computational method that 

uses random search technique that imitates the process of 

natural selection and evolution. It is very useful 

optimization technique used to minimize or maximize the 

objective function.   
 

GA is generally used as search and optimization technique 

in which some ideas are hired which are used artificially to 

develop algorithms that are robust in nature and require 

minimum problem information. The GA algorithm is 

motivated by natural evolution and selection and is having 

many advantages over classical techniques like broad 
applicability and ease of use [14]. 

  

B. GAs Process 

 

 
Fig. 3 Genetic Algorithm Outline 

 

 Genetic Algorithm (GA) process include following steps: 
 

Step1: Initialize population. 

Step2: Calculate the function to be minimized /maximised. 

Step3: If terminations conditions are satisfied then stop the 

program else go to step 4.  

Step4: In this step good strings are selected from the 

population and eliminate bad strings. 

Step5: Implement the crossover over the reproduced 

strings. Select two parent strings from good string and 

crossover to get new strings. 

Step6:  Execute mutation on the string produced in above 

step to create a better string. 

Step7: Increase the generation size by 1 then go to step-2 

and repeat till optimal solutions are not obtained or 

generation size not exceeded. 

 

C. GA Operators  

There are three main operator of GAs and these operators 
are usually run for a pre-specified no of generation or until 

a best fitness value is found [14].  

 

These operators are: 

a) Reproduction operators: reproduction or selection 

basically select good strings and remove bad string from 

the population. It makes duplicates of good string so that 

there are plenty of good strings available for crossover 

operation. 

b) Crossover operators: this operator creates new 

strings in the population. In this two strings are picked 
which commonly known as parent string at random from 

the mating pool and it exchange some portion of string 

from one another to create new string from parent string. 

c) Mutation operator: This operator also creates new 

strings in the population by altering it locally to create 

better string than the previous one. This is done so that the 

algorithm converges to the optimum value. 

 

VI. TUNING OF LINEAR PID CONTROLLER  

 

A. Software Based Approach 

The EMM technique described above is automated by 
using a software based function which is developed in the 

MATLAB software [1]. The new MATLAB function 

which will automate the above mentioned design 

equations is given as: 

 

[KP, KI, KD] = PID_GAIN(W1, W2, SS, GP, H)     (24) 

 

where, KP, KI and KD are PID controller gains. The inputs 

of the MATLAB function are: (1) Wg1 is lower frequency 

of interest; (2) Wg2 is upper frequency of interest; (3) Sh is 

the step size for the integration; (4) GP is the given plant‟s 
transfer function; (5) H is the reference plant model whose 

static and dynamic behavior is to be matched [1].   

 

B. IMC Tuning 

Tuned parameter values of IMC based PID controller for 

the FOPDT plant/process model are given in Table I. 

 

Table I tuning parameter values of IMC based PID 

controller 

 

Tuning 

parameter 

Kp KI KD 

λ 2𝜏 + 𝜃

𝑘(𝜃 + 2𝜆)
 

 

𝐾𝐶

 𝜏 +
𝜃

2
 
 𝐾𝐶 ∗ (

𝜏𝜃

𝜃 + 2𝜏
) 
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As shown in Table I, Kp, KI and KD are depending upon 

the parameter „λ‟. Hence, tuning of IMC based PID 

controller is easier as we have to tune only one parameter 

to get the desired output [15]. 

 

C. Proposed Tuning Method: Multi-objective GA based 

Linear PID controller Design 

In this proposed tuning method we are using multi-

objective optimization based on GA approach to find out 

the various gains of the PID controller like KP which is 

proportional gain, KI which is Integral gain and KD which 
is derivative gain. There are various Integral error criteria 

like ISE, IAE, IATE, etc. which can be used to minimize 

the fitness function to get the desired response.   

 

Here, in present approach we are using two factors in 

minimizing the fitness function. Firstly to have a better 

performance we are minimizing ISE and secondly for 

better robustness we are minimizing MS which is the peak 

of the sensitivity function. Both these factors are 

simultaneously minimized so that we can have better 

performance and robustness of the system. And after 
minimizing the multiobjective fitness function we get the 

optimal value of the various gains of the PID controller 

which make the unity feedback control system to have 

better trade-off between robustness and performances. 

 

VII. SIMULATION AND COMPARISON 

 

In this section, the simulation study of software based 

approach and proposed multiobjective optimization 

technique based on GA for the FOPTD process model, 

which is widely used in process control industries/plants. 

The simulations are carried out in MATLAB/SIMULINK 
and different performance/robustness specification and 

time domain specification matrices have been calculated 

and compared. 

 
In this paper we are using FOPTD plant process model 

which is taken from [13]. 

𝐺𝑃 𝑠 =
𝑒−5𝑠

1 + 10𝑠
                                   (25) 

 

And for desired transfer function following form is taken: 

H s =
e−5s

1 + 20s
                                     (26) 

 

Now, the delay is approximated using padé approximation 

which is given by: 

e−5s ≈
1 −

5

2
s

1 +
5

2
s

                                     (27) 

By putting Eq. (27) in Eqs. (25) and (26) we get: 

GP s ≈
1

1 + 10s
×

1 −
5

2
s

1 +
5

2
s

                       (28) 

and, 

H s ≈
1

1 + 20s
×

1 −
5

2
s

1 +
5

2
s

                       (29)
 

 

The developed MATLAB function in Eq. (24) is run with 

Wg1 = 0, Wg2 = 0.025 and Sh = 0.001. Results of tuning 

rules is calculated and compared and are tabulated in 

Table I, Table II and Table III. 

 

 
Fig 4 Output step responses of Plant Model for different 

tuning rules with disturbance at Input of the Plant 

 
Table I Comparisons of various gains of PID controller 

 

Model Tuning KP KI KD 

 

e−5s

1 + 10s
 

Proposed GA 1.57407  0.0925  2.314
8  

IMC  1  0.08  2  

Software Based

 

0.42  0.04  0.30  

 

Table II Comparison of Time Domain Specification 
 

 

Model 

 

Tuning 
Rise Time 

(sec) 

Settling 

Time  (sec) 

 

e−5s

1 + 10s
 

Proposed 

GA 

12.8461  174.5153  

IMC  17.1833  179.7673  

Software 

Based

 

44.1984  213.3376  

 

 

 

Table III Comparisons of various types of Integral Error Performance  

 

Model Tuning ISE IAE ITAE 

SP  LD  SP  LD  SP  LD  

 

e−5s

1 + 10s
 

Proposed GA 8.357  3.133  11.45  10.81  91.81  1501  

IMC 8.931  3.84  12.63  12.5  120.7  1757  

Software Based

 

15.23  10.3  25  24.93  528.5  3748  

0 50 100 150 200 250
0

0.5
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VIII. CONCLUSION 

 

In this paper, multiobjective based GA optimization has 

been used for designing of an closed loop linear PID 

controller for FOPTD plant model and the result obtained 

have been compared with the controller design based on 

model matching. 

 
The design using multiobjective with GA gives better 

results in terms of the time domain specification and 

robustness but the value of PID gains are better in 

software based approach. Both these are compared and 

tabulated for both tuning methodology and it is seen that 

the multiobjective based GA approach gives better 

performance and robustness as compared to software 

based approach using exact model matching. 
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