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Abstract− The paper presents that genetic algorithm can be used for tuning two degree of freedom Proportional Integral 

Derivative (2DOF – PID) controller. 3rd order plant is considered to be controlled using (2DOF – PID) controller, firstly 

3rd order plant has been tested without controller in closed loop system. Secondly the system response is tested with 

proportional controller then with conventional PID controller, Genetic Algorithm used in both cases in order to obtain 

optimum response and disturbance rejection. Finally, 2DOF – PID controller is considered for controlling the above plant 

in closed loop system. The transfer function of this controller is mathematically rearranged in order to have three 

parameters to be tuned using GA. Simulation results show that 2DOF – PID controller is an effective controller for tracking 

command signal and disturbance rejection. 
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I. INTRODUCTION 

Proportional – Integral – Derivative (PID) controllers are 

widely used as a core of industrial control applications. This 

popularity is mainly due to simplicity in determining its 

parameters and implementation in hardware and software. 

Despite this popularity, PID controllers cannot provide 

simultaneously shape the responses to both reference and 

disturbance signals. This is due to the fact that conventional 

PID controller has one closed loop transfer function, therefore, 

it is classified as 1DOF (one degree of freedom) controller 

[1]. 

As the PID controller is classified as 1DOF, therefore if the 

parameters of the PID are tuned to optimize the response of the 

control system to the command signal, the performance to the 

disturbance rejection will be deteriorated [1,2]. 

To solve this problem 2DOF PID controller has been 

considered in the literature. The dominant feature of the 2DOF 

PID controller is the two sets of parameters. One of these sets 

can be used to optimize the performance of the control system 

to the command signal, while the other sets can be used to 

optimize the performance against the disturbance [1, 2]. 

In [1-8], various structures of 2DOF PID controller were 

proposed and different tuning methods were applied in order to 

obtain good control performance both in command tracking and 

disturbance rejection characteristics. 

In this paper, Genetic Algorithm GA will be considered for 

tuning 2DOF PID controller parameters to achieve optimum 

control performance for a 3rd order plant from command 

tracking and disturbance rejection points of view.  

II. 2DOF PID CONTROLLER 

A good performance for both set-point tracking and disturbance 

rejection can be achieved by using 2DOF PID controller which 

is also known as ISA – PID controller. The structure contains a 

standard PID controller in the feedback loop and a pre – filter 

to the command signal as shown in figure (1) [1]. 
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FIG (1): 2DOF PID Control System 

Where R(s) is the command signal (reference input), E(s) is the 

error signal, D(s) is the disturbance and Y(s) is the system 

response. 

The input – output relations of the closed – loop system is given 

as [1,2]: 

𝑌(𝑠) =
𝑃(𝑠)(𝐶(𝑠) + 𝐶𝑓(𝑠)

1 + 𝑃(𝑠)𝐶(𝑠)
𝑅(𝑠) +

𝑃(𝑠)

1 + 𝑃(𝑠)𝐶(𝑠)
𝐷(𝑠)                        (1) 

Where: 

𝐶(𝑠) = 𝑘𝑝 (1 +
1

𝑇𝑖𝑠
+ 𝑇𝑑𝑠)                                                                        (2) 

Which represents conventional PID controller with 

proportional gain kp, integral coefficient (
𝑘𝑝

𝑇𝑖
) and derivative 

coefficient kpTd. 

and  

𝐶𝑓(𝑠) = 𝑘𝑝(𝛼 + 𝛽𝑇𝑑𝑠)                                                                               (3) 

Where α and β are a weighted parameters of feed forward 

controller, or a pre – filter. 

The discrete 2DOF PID controller can be obtained by mapping 

equations (2) and (3) from s-domain to z-domain using bilinear 

transformation, therefore: 

𝐶(𝑧) = 𝐶(𝑠)|
𝑠=

2
𝑇

𝑧−1
𝑧+1

                                                                                 (4) 

𝐶𝑓(𝑧) = 𝐶𝑓(𝑠)|
𝑠=

2
𝑇

𝑧−1
𝑧+1

                                                                              (5) 

Therefore, equation (4) will be 

𝐶(𝑧) = 𝑘𝑝 [
(1 +

2𝑇𝑑

𝑇
+

𝑇
2𝑇𝑖

) 𝑍2 + (
𝑇
𝑇𝑖

−
4𝑇𝑑

𝑇
) 𝑍 + (

𝑇
2𝑇𝑖

+
2𝑇𝑑

𝑇
− 1)

𝑍2 − 1
]     (6) 

 While, equation (5) will be 

𝐶𝑓(𝑧) = 𝑘𝑝 [
(𝛼 +

2𝛽𝑇𝑑

𝑇
) 𝑍 + (𝛼 −

2𝛽𝑇𝑑

𝑇
)

𝑍 + 1
]                                   (7) 

Equation (6) can be rearranged to the following form 

𝐶(𝑧) =
𝐿𝑍2 + 𝑀𝑍 + (𝐿 − 2)

𝑍2 − 1
                                                           (8) 

Where:    𝐿 = 𝑘𝑝 (1 +
2𝑇𝑑

𝑇
+

𝑇

2𝑇𝑖
) 

              𝑀 = 𝑘𝑝 (
𝑇

𝑇𝑖

−
4𝑇𝑑

𝑇
) 

and equation (7) can be modified to the following form 

𝐶𝑓(𝑧) = [
𝑁𝑍 + (𝑁 − 2)

𝑍 + 1
]                                                                                (9) 

Where: 𝑁 = −𝑘𝑝(𝛼 +
2𝛽𝑇𝑑

𝑇
) 

The discrete form of the 3rd order plant considered in this paper 

is: 

𝑃(𝑧) = (
0.0001436𝑧−1 + 0.0004951𝑧−2 + 0.000104𝑧−3

1 − 2.464𝑧−1 + 2.018𝑧−2 − 0.5488𝑧−3
)             (10) 

III. DISCRETE – TIME CONTROL SYSTEM 

Referring to equations (8 – 10) and fig (1), the set of LTI 

difference equations are shown below: 

𝑥(𝑛) = −𝑥(𝑛 − 1) + 𝑁𝑟(𝑛) + (𝑁 − 2)𝑟(𝑛 − 1)                                (11) 

𝑤(𝑛) = 𝑤(𝑛 − 2) + 𝐿𝑒(𝑛) + 𝑀𝑒(𝑛 − 1) + (𝐿 − 2)𝑒(𝑛 − 2)        (12) 

𝑣(𝑛) = 𝑥(𝑛) + 𝑤(𝑛)                                                                                     (13)    

𝑢(𝑛) = 𝑣(𝑛) + 𝑑(𝑛)                                                                                  (14) 

       𝑦(𝑛) = 2.99𝑦(𝑛 − 1) + 2.98𝑦(𝑛 − 2) − 0.99𝑦(𝑛 − 3)

+ 10−7(1.662𝑥(𝑛 − 1)

+ 6.633𝑥(𝑛 − 2

+ 1.654𝑥(𝑛 − 3))                                                   (15) 

|𝑒(𝑛)| = |𝑟(𝑛) − 𝑦(𝑛)|                                                                          (16) 

𝐼𝐴𝐸 = ∑|𝑒(𝑘)|                                                                                      (17)

𝑛

𝑘=0

 

Minimization of the IAE represents optimization of the system 

response to both reference signal 𝑟(𝑛) and the output 

disturbance rejection. To achieve this goal, there are three 

parameters must be tuned; these are L, M, and N. 

IV. GENETIC ALGORITHM 
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Genetic Algorithm is a stochastic global searching algorithm 

used to solve complicated problems by simulating the 

evolutionary course of natural selection and natural inheritance 

of biology circles. In genetic Algorithm, code space is used to 

replace problem space, fitness function is regarded as 

evaluating criterion, code population is regarded as evolution 

base, selection and genetic mechanism is actualized by genetic 

operation on individual bit chain of population. A repeated 

course is formed in this way. The individual of population 

evolves ceaselessly by recombining some important genes of 

code bit chain stochastically, and approaches to the optimal 

gradually till reaching the goal of solving the problem 

ultimately [9]. In spite of considering GA to be a robust 

optimization algorithm, it has some drawbacks. The main 

drawback is the GA cannot assure constant optimization 

response time, and it is unreasonable to use GA for on - line 

controls in real system  

V. OPTIMIZATION PROCESS 

In this section the methodology for tuning the optimization of 

2DOF – PID controller is described. 

Firstly, the plant in eq.(10) has been considered in closed – loop 

control system with proportional controller only. GA used to 

obtain the optimum gain for the proportional controller, in this 

situation the optimization process performed for tuning one 

parameter. 

1DOF – PID controller used for controlling the plant in closed 

loop control system, the optimization process in this case will 

has three parameters to be tuned. 

Finally, the set of difference equations (11 – 17) has been 

implemented as a Matlab function file in order to calculate the 

fitness function which is Integral Absolute Error (IAE). The 

task of GA algorithm is to minimize this fitness function by 

selecting the three unknowns L, M and N. 

VI. SIMULATION RESULTS 

Fig (2) shows the response of the closed loop system of the 3rd 

order plant without controller. From his figure it can be seen 

that the system response isn’t track the command signal and 

there is significant error. 

Genetic Algorithm has been used to determine the optimum 

gain needed to minimize the error between the command signal 

and the system response. 

Fig (3) shows that only adding gain to the system isn’t sufficient 

because this gain produces high peak overshoot (more than 

20%) and a hard oscillation. 

 

 

FIG (2): 3rd order plant without controller 

The results of optimization process using GA are summarized 

in table 1 

Table 1 

No. of Generation No. of evaluation Best fitness 

292 586000 41.4932 

 

 

FIG (3): Closed Loop control system with proportional 

controller. 
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According to the previous results and in order to overcome the 

challenges appear, 1 DOF – PID controller has been considered. 

The task of GA is to tune three parameters kp, ki & kd of the PID 

controller for obtaining the optimum response to the command 

signal. 

Fig (4) shows system response to the command signal. The 

result indicates that the response has very high peak overshoot 

and steady state error. 

The results of optimization process are summarized in table 2. 

Table 2 

No. of Generation No. of evaluation Best fitness 

1000 2002000 49.2411 

 

FIG (4): Closed Loop control system with 1DOF - PID 

controller. 

Now, conventional PID controller has been tested under the 

presence of output disturbance. Fig (5) shows the system 

response for unit step input and finite duration of output 

disturbance. From these results, it can be noticed that the 

control system has acceptable disturbance rejection but 

tracking of the command signal still has high peak overshoot.  

 

FIG (5): Disturbance rejection of closed loop control system 

with 1DOF PID Controller  

The optimization process results are summarized in table 3. 

Table 3 

No. of Generation No. of evaluation Best fitness 

1000 2002000 49.2411 

 

2DOF PID controller is considered in order to improve system 

response for tracking the command signal and disturbance 

rejection. Fig (6) shows simulation results of the system 

response to the command signal. 

 

FIG (6): Closed Loop control system with 2DOF - PID 

controller. 

The optimization process results are summarized in table 4. 

Table 4 

No. of Generation No. of evaluation Best fitness 

235 472000 32.2484 
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FIG (7): Disturbance rejection of closed loop control system 

with 2DOF PID Controller 

2DOF PID controller is also considered for controlling the plant 

to achieve both command signal tracking and output 

disturbance rejection. 

Fig (7) shows simulation results of this situation, it is clear from 

these results that the using of 2DOF PID controller improved 

the performance of the control system for tracking command 

signal and output disturbance rejection. 

The results of optimization process are summarized in table 5. 

Table 5 

No. of Generation No. of evaluation Best fitness 

291 584000 12.4443 

 

Table 6 shows the performance summary of different 

controllers. 

Table 6 

Type of 

Controller 

Fitness function (IAE) 

Command 

Signal 

Disturbance 

Rejection 

Proportional Kp 41.4932 --------- 

1DOF PID 49.2411 27.8699 

2DOF PID 32.2484 12.4443 

 

VII. CONCLUSIONS 

In this paper genetic algorithm has been used as an optimization 

tools for tuning different controller structures for controlling 3rd 

order plant. Proportional, conventional PID and 2DOF – PID 

controllers are considered for controlling the above plant. The 

parameters of these controllers are tuned using genetic 

algorithm and from simulation results it can be seen that only 

2DOF – PID controller able to make the system to keep track 

of the command signal as well as reject the output disturbance. 
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