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ABSTRACT 

Highly oscillation in industrial processes is completely undesirable, 

and controller tuning has to solve this problem. PI-PD is a controller 

type of the PID family which is suggested to overcome this problem 

with improved performance regarding the spike characteristics 

associated with certain types of controllers. This work has proven that 

using the PI-PD controller is capable of solving the problems of the 

highly oscillated third order process. A highly oscillated third order  

process of 57% maximum overshoot and 75 seconds settling time is controlled using a PI-PD 

controller (through simulation). The controller is tuned by minimizing the sum square error 

(ISE) of the control system using a software package. The MATLAB optimization toolbox is 

used assuming that the tuning problem is with functional constraints. The overshoot, 

undershoot and settling time are used to investigate the performance of the closed loop 

control system. The performance of the control system using an PI-PD controller using the 

present tuning technique is compared with that using the ITAE standard forms tuning 

technique. 
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I. INTRODUCTION 

Highly oscillating time response is present in various industrial processes. The PID controller 

is used, conventionally, for better performance of the control system. The PI-PD controller is 

considered, one of the new generation of PID controllers, after researches and some 

applications are required to explore its effectiveness compared with conventional PID 

controllers. This controller is used in wide range in industry. Kuo and Li (1999) presented 

genetic algorithm –based fuzzy PI-PD controller for an automotive active suspension system 

to cope with different road conditions.
[1]

 Kaya (1999) introduced a model-based controller 

design enabling a tighter control for integrating processes. He used ISTE standard forms.
[2]

 

Kaya (2003) introduced a model-based PI-PD controller design. He used ISE standard forms 

for controller tuning comparing with several methods used in controlling integrating 

processes.
[3]

 Roy, Iqbal and Atherton (2004) proposed the PI-PD tuning used with open-loop 

unstable sampled-data control systems incorporating first and second order plants taken from 

industry.
[4]

 Ryu and Ryu (2005) dissected a feedback control model for the transmission 

control protocol (TCP)/active queue management (AQM) dynamics. They submitted an PI-PD 

controller to overcome the reactive control behavior of existing AQM proposals.
[5]

 Kaya, 

Derek and Atherton (2006) introduced a simple approach to tune a PI-PD controller for the 

control of integrating and unstable processes
[6]

 Mohan and Ghosh (2008) offered mathematical 

models for fuzzy PI/PD controllers employing two skewed fuzzy sets derived by symmetrical 

fuzzy sets.
[7]

 Tan (2009) introduced a graphical method for the computation of all stabilizing 

PI-PD controllers by plotting the stability boundary locus in the parameter plane.
[8]

 Charan, 

Reddy and Babu (2010) introduced a scheme for tuning of fuzzy PI-PD controller based on 

fuzzy logic. They made a comparison for the performance of conventional fuzzy logic 

controller and the PI-PD controller.
[9]

 Prasad and Mugada (2011) obtained a control system 

model to simulate pipeline element by analyzing kinetic feature and physical properties of 

fluid in the pipeline. They designed a PI-PD-Smith predictor and used the ITAE criterion to 

tune the position controller.
[10]

 Palmeira, Magalhaes, Conteate and Ferreira (2012) explained 

the potential of a fuzzy PI + PD control system compared to classical PID applied to a mobile 

robot.
[11]

 Sundaram and Padhy (2013) introduced a PI-PD controller for active queue 

management able to control present congestion reactively. They used the ISTE objective 

function to tune the controller.
[12]

 Ali (2014) presented a design of robust PI-PD position 

controller for an unstable magnetic levitation ball system. He used the particle swarm 

optimization method to tune the PI-PD controller.
[13]

 Hassaan (2014) tuned a PI-PD controller 

used with a high oscillating second order system, which reduces the maximum percentage 
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overshoot, the maximum percentage undershoot to zero, and also reduces the settling time of 

the response.
[14]

 

 

II. PROPOSED ALGORITHM 

2.1 The Process 

The process is a third order process having the following forward transfer function in a unity 

feedback system as shown in Fig.1: 

Gp(s) = [Kipω
2
n/(s

3
+2ζωns

2
+ω

2
ns+Kipω

2
n)]         (1) 

 

 

Figure 1: Block diagram of third order process simulator. 

where 

 Kip integral gain (Ki) of the process (in this prescribed third order process Ki = 0.5) 

 ωn natural frequency (ωn = 0.447 rad/s) 

 ζ damping ratio (ζ=1.34) 

 

The third order process under consideration has the time response to step input voltage of 

1.66 V shown in Fig.2 as simulated by MATLAB. 

 
Figure 2: Step response of the studied third order process. 

 

It has the time based specifications 

 Maximum percentage overshoot: 57 % 

 Maximum percentage undershoot: 18 % 

 Settling time: 75s 

U(s) 

- 

Second order process Integrator 

C(s) 
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2.2 The Controller 

A [proportional + integral] (PI) - [proportional + derivative] (PD) controller type is used in 

this research. 

 

The parts of the controller used in this study are connected in series. The input to the PD part 

is the output of the controlled system, and the PI controller part is connected in series. The 

output of the PD part is subtracted from the second summing point as shown in Fig.3.
[6,15]

 The 

output signal of the second summing point is the control signal acting on the controlled third 

order process. 

 

 

Figure 3: PI-PD controller-based control sytem. 

 

2.3 Control System Transfer Function 

The process output, C(s) is related to its input U(s) through the process transfer function, 

Gp(s). That is:  

C(s) = Gp(s) U(s)  

 

The mathematical model of the control system in the s-domain is: 

U(s) = GPIE(s)-GPDC(s) = (Kpc1+Ki/s)[R(s)-C(s)]-(Kpc2+Kds)C(s) 

U(s) = [( Kpc1+Ki/s)R(s)]-[( Kpc1+ Ki/s+ Kpc2+ Kds)C(s)]      (2) 

C(s) = Gp(s)U(s) 

U(s) = [1/Gp(s)][C(s)]            (3) 

 

Using Eqs.2 and 3:  

[1/Gp(s)][C(s)]=[( Kpc1+Ki/s)R(s)]-[( Kpc1+ Ki/s+ Kpc2+ Kds)C(s)] 

{[1/Gp(s)]+( Kpc1+ Ki/s+ Kpc2+ Kds)}C(s) = ( Kpc1+Ki/s)R(s) 

M(s) = C(s) / R(s) = ( Kpc1+Ki/s) / {[1/Gp(s)]+( Kpc1+ Ki/s+ Kpc2+ Kds)}    (4) 

 

GPD 
C(s) 

GPI 
GP(s) 

R(s) 
C(s) + 

- 

E(s) 

PI 

Controller 
U(s) 

- 

+ 

C(s) 

PD 

Controller 

PI-PD 

Controller 

Process 
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Combining Eqs.1 and 4 the closed loop transfer function of the control system M(s) becomes: 

M(s) = [ b0 s
4
 + b1 s

3
+ b2 s

2
+ b3 s+ b4 ] / [a0 s

4
 + a1 s

3
+ a2 s

2
+ a3 s+ a4]     (5) 

 

Where 

 b0 = 0, b1 = 0, b2 = 0, b3 = (KipKpc1 ωn
2
), b4 = (KipKi ωn

2
). 

a0 = 1, a1 = (2ζωn), a2 = (ωn
2
+ KdKipωn

2
), a3 = (Kpc1Kip ωn

2
+ KipKpc2 ωn

2
 + Kipωn

2
),     

a4 = (KiKipωn
2
). 

 Ki ... Integral gain of the PI controller 

 Ki p ... Integral gain of the prescribed third order process (Ki p =0.5) 

 Kd ... Derivative gain of the PD controller 

 Kpc1 ... proportional gain of the PD controller 

 Kpc2 ... proportional gain of the PI controller  

 

The controller has 4 parameters to be identified to control the third order process and produce 

the desired performance, Ki, Kd, Kpc1, and Kpc2. 

 

2.4 Control System Step Response 

A system with a voltage reference input was selected for the simulation in Matlab-Simulink 

platform. The step input value was assumed to be 1.66 V. 

 

III. CONTROLLER TUNNING 

The sum of square of error (ISE) is used an objective function, F of the optimization process. 

Thus: 

F = ∫ [c(t) – css]
2 

dt          (6) 

 where css = steady state response of the system  

 

MATLAB is used to minimize the optimization objective function. The performance of the 

control system is judged using three time-based specifications: 

a) Maximum percentage overshoot, OSmax 

b) Maximum percentage undershoot, USmax 

Settling time, Ts 

 

3.1 Tuning Results 

The MATLAB block "Check Step Response Characteristics" is used to minimize the 

optimization objective function given by Eq.6 with functional constraints.
[16,17,18,20]
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The tuned parameters of the PI-PD controller using the technique proposed in this work is: 

Kpc1 = 0.0713 

Kpc2 = 5.83 

Ki = 0.93 

Kd = 15.35 

 

To investigate the performance of the control system using the tuned PI-PD controller, its step 

time response is compared with an un-tuned PI-PD controller having the parameters: 

Kpc1 = 34.5577 

Kpc2 = 0.0022 

Ki = 1.1054 

Kd = 51.9558 

 

The step response of the control system incorporating the tuned and un-tuned PI-PD controller 

and a third order process is shown in Fig.4. 

 

 

Figure 4: Step response of the studied third order process with tuned and un-tuned PI-

PD controller. 

 

IV.COMPARISON WITH STANDARD FORMS TUNING 

The control system in terms of its transfer function is a fourth order one. The optimal 

characteristic equation of such a system with a first-order numerator is given using an ITAE 

criterion by
[20]

: 

s
4
+ (2.41 ω0 ) s

3
 + (4.93 ω0

2
) s

2 
+ (5.14ω0

2
) s + ω0

4
       (7) 

Comparing Eq.7 with the corresponding one in Eq.5 we get 3 equations in Ki, Kpc1, Kpc2, and 

Kd 
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i.e. 4 unknowns and 3 equations. To be able to get the controller parameters using this tuning 

technique, one of the parameters has to be assumed. It was reasonable from the equations to 

assign Kpc1 (it was taken as 0.0713 as obtained in the present tuning technique using the ISE 

criterion).
[21]

 The tuned controller parameters using the ITAE standard forms are calculated as: 

Kpc1 = 0.0713 (assumed value) 

Kpc2 = 6.2447 

Ki = 0.611 

Kd = 22.526 

 

The time response of the control system using this standard forms tuning technique is shown 

in Fig.5: 

 

Figure 5: Step response of the PI-PD controlled third order process. 

 

The time-based specifications of the control system incorporating the PI-PD controller and the 

third order process are compared in Table 1. 

 

Table 1: Time-based specifications of the PI-PD controlled third order process. 

 OSmax (%) USmax (%) Ts (s) 

Un-tuned PI-PD controller 15.5 22 17 

Other un-tuned PI-PD controller 9  10.5  16 

Tuned PI-PD controller using ITAE  0  0  29 

The tuned PI-PD controller with present tuning technique 0.5  2  50 

 

V.CONCLUSION 

 It was possible to suppress completely the higher oscillations in processes through using 

the PI-PD controller. 
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 It was conceivable to overcome the set-point kick problem associated with the standard 

PID. 

 It was possible to reduce the maximum percentage overshoot and maximum percentage 

undershoot using the PI-PD controller. 

 It was possible to reduce the settling time to only 14 s using the tuned PI-PD controller 

prescribed in this research compared with 24.8 s using the ITAE standard form. 

 Tuning the controller using the MATLAB block "Check Step Response Characteristics" 

produced a time response of the closed loop system having 0.105 % maximum percentage 

overshoot compared with 15.7 % when using an un-tuned controller. 

 The performance of the closed loop control system can be improved further if other types 

of objective functions are tried. This is the purpose of future work going on. 
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