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ABSTRACT

This work presents the development of a new tuning method and performance of the fractional order PID
controller includes the integer order PID controller parameter. The tuning of the PID controller is mostly done
using Zeigler and Nichols tuning method. All the parameters of the controller, namely K, (Proportional gain),
Ki (integral gain), Ka (derivative gain) can be determined by using Zeigler and Nichols method. Fractional order
PID (FOPID) is a special kind of PID controller whose derivative and integral order are fractional rather than
integer. To design FOPID controller is to determine the two important parameters A (integrator order) and p
(derivative order). In this paper it is shown that the response and performance of FOPID controller is much
better than integer order PID controller for the same system.
Keywords: Fractional order PID controller, Zeigler-Nichols method, Astrom-Hagglund method, PID Controller
I. INTRODUCTION PID controller setting rules Zeigler and Nichol’s in
1942 proposed a method to set the PID controller
parameter Hagglund and Astrom in 1955 and

PID controller is a well-known controller which is

used in the most application. PID controller becomes chengching in 1999, introduced other technique. By

generalizing the derivative and integer orders, from
the the

fractional order PID control is obtained.

a most popular industrial controller due to its ) ) )
T . integer field to non-integer numbers,
simplicity and the ability to tune a few parameters

automatically. According to the Japan electric
measuring instrument manufacture’s association in
1989, PID controller is used in more than 90% of the

control loop. As an example for the application of PID

The performance of the PID controller can be

improved by making the use of fractional order

controller in industry, slow industrial process can be  go1yatives and integrals. This flexibility helps the

pointed, low percentage overshoot and small settling

time can be obtained by using this controller.

This controller provides feedback, it has ability to

eliminate steady state offsets through derivative action.

The derivative action in the control loop will improve
the damping and therefore by accelerating the
transient response, a lighter proportional gain can be
obtained during the past

half century, many

theoretical and industrial studies have been done in
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design more robust system. Before using the fractional
order controller in design an introduction to the
fractional calculus is required. The first time, calculus
generation to fractional, was proposed Leibniz and
Hopital for the first time after words, the systematic
studies in this field by many researchers such as
Liouville (1832), Holmgren (1864) and Riemann (1953)

were performed.
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I. CONVENTIONAL PID CONTROLLER

PID- most widely-used type of controller for
And exhibit

range of operating

industrial applications. robust

performance over a wide
conditions. The three main parameters involved are

Proportional (P), Integral (I) and Derivative (D).

Setnoint.
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Figure 1 Block-diagram of PID

The proportional part is responsible for following the
desired set-point, while the integral and derivative
part account for the accumulation of past errors and
the rate of change of error in the process respectively.
PID controller’s algorithms are mostly used in
feedback loops. PID controllers can be implemented
in many forms. It can be implemented as a stand-
alone controller or as part of Direct Digital Control
(DDC) package or even Distributed Control System
(DCS). A PID controller has three tuning parameters.
If these are adjusted in an ad hoc fashion, it may take

a while for satisfactory performance to be obtained.

Table 1 PID tuning method

Zeigler —Nichols Tuning method
Controller
K. T; Tq
Type
P Tfkp td - -
PI 09 *t/kpty; | 3.33¢t,4 -
PID 1.2 = Tfkp td th GStd

Also, each tuning technician will end up with a
different set of tuning parameters. There is plenty of
motivation then to develop an algorithmic approach
to controller tuning. The Ziegler-Nichols closed-loop
tuning technique was perhaps the first rigorous

method to tune PID controllers. The technique is not
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widely used today because the closed-loop behaviour

tends to be oscillatory and sensitive to uncertainty.

I. FRACTIONAL ORDER PI*D* CONTROLLER

One of the possibilities for improvements in the
quality and robustness of PID controllers is to use
fractional order controllers with noninteger
derivation and integration parts. The PI*D* controller
involving an integrator of order A and a differentiator

of order p.

The differential equation of the PI*D* controller is

given as follows:

u(t) = Kpe(t) + K;D?e(t) + KpDHe(t) (1)

FOPID

controller is obtained by means of the Laplace

The continuous transfer function of the

transformation, as given by:

Ge (S) =

Uis)

E[S] Kp + I{IS_)L + KDSH, (?\, n == O)

)

For designing a FOPID controller, 3 parameters (Kp,
Ki, Kd) and 2 orders (A, p) with nonintegers should

optimally determined for a given system.

IT. MATHEMATICAL MODELING AND ANALYSIS
OF FOPID

To obtain the K, (proportional gain), a constant of
integral term (Ki), the constant of derivative term Ka,
the fractional order of differentiator p and the
fractional order of integrator A. The method uses
classical Zeigler — Nichols tuning rule to obtain K, and
Ki. To obtain initial value of K4, then some fine tuning
has been done by using Astrom Hagglund method
described earlier. The fractional order A and p are

obtained to achieve specified phase margin.

Let @y, be the required phase margin and jw¢p be

the frequency of the critical point on the Nyquist
curve of G(s) at which arg (G(jmcp) = —180), then

the gain margin defined as
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p— 7. p— K
|G(jwep)| ‘

8m
(3)

In order to make the phase margin of the system equal
to @y, and |C(jwep)G(jwey) = 1|, the following
equation must be satisfied.

: 1 ; o
C(]mcp) = mel‘bpm = Kccos@pp, + jKesin®ppy,

(4)
Then we write C(jmcp) using equation
C(jmcp) =Kp + Kimc_;‘ cos G?\) +
Kq m,';p cos (% u) + [—Kimgf} sin (g}\) +
KdepSin(% !—1)]
©)

Considering equation (7) and (8) we can write

() =Kp+ Kimc';‘ cos (g?\) + Kdmgpcos (g u) —Kc(coscbpm] =0

(6)

Specify the raquired phase margin &,

!

Obtain the Kp and Ki by Ziegler - Nichol: method

AV

s

Bpecify the wutial value of Kby Astrom Hazglund method for
specified &,

L

Obtain the Valve of hand pby £ (b, wland £ (3, )

1l

Simulate the result and make the fina tuning of K; to achisve the

best result for f; (1, 1) and £ (3, )

!

value of Bg

!

| Fesult |

Figure 2 Flowchart for FOPID Algorithm

ITII. PROBLEM FORMULATION

g T . . . .
£0, 1) = —K; mc—lgl sin (E ?\) +Ky mgpsin (E ll) “Kq (Sincbpm) — olhe transfer function consider for the implementation

@)

The numerical solution for A and p can be obtained by

the equations (6) and (7)

Algorithm for tuning of P/ controller

of PID and FOPID controller is given as,

1
- s(s?+3s+2) 8)

To tune the PID controller, Zeigler Nichols closed

G(s)

loop tuning is used

Kp , Ki and Ka of the controller has been obtained are
3.6, 1.63 and 1.98. The PID controller obtain can be

given as Ci(s)

1.63
Ci(s) =3.6+——+198s
s ©)
By using classical Astrom- Hagglund method, the
value of the PID controller parameters have been

calculated for the specified phase margin (®pm) at 40°.

1.51
C,(s) =459+ —+ 3.48s
s (10)
The fractional order PID controller takes the value of
K5 and Ki from Zeigler and Nichols method. The value
of K4 have been obtained by using Astrom - Hagglund

Phase
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40° 3.6 1.63 3.75 1.39 0.79




method for specified Phase Margin. By using fine  Figure 3 Tuning of the System using Zigler - Nichols
tuning for Ka to achieve the best solution by the PID Controller

following equation with the specified phase margin.

Step Response for Astrom- Hagglund

T T
fi(hp) =Kp+ Kimc_;‘ cos (E?\) + Kdmgpcos (E u) —Kc(cos(bpm) =0 12t
(11) ol
f _ _)‘_ . s |_,l . s . _ &g.; 06|
2, ) = —Kjwgf sin (E?\) + Kgqwgpsin (E u) —K¢ (smtbpm) =0
(12) .
Using the above two equations can be solved by using % 5 0 15 20 5 e
Time (sec)
“fsolve” toolbox of the MATLAB to obtain the value of
A and p for the new value of Ka for the phase margin Figure 4 Tuning of the System using Astrom-
(®pm) at 40°. The proposed method values have been Hugglund PID Controller

compared with Zeigler and Nichols method and

Step Response for FOPID

Astrom - Hagglund method.

Table 2 Phase Margin with proposed FOPID el

Controller z
The P/*Dr controller obtained can be written as osf
Ci(s) = 3.6 +— 3+ 3.7550-7°
3 ' s 1.39 ' % s 10 15 20 5 30

Time (sec)

IV. RESULTS AND DISCUSSION
Figure 5 Tuning of the System using Fractional Order
PID Controller

Step Response of the System

MATLAB / SIMULINK is one of the most successful
software packages currently available. It is a powerful,

comprehensive and user friendly software for 187

Zigler-Nichols
Astrom-Hagglund
14+ ——FOPID

simulation studies. Especially, functions are then

interconnected to form a SIMULINK block diagram 12
that defines the system structure. The Step responses gu; \\/
of the system wusing Zigler-Nichols, Astrom - il
Hagglund and Fractional Order PID controllers are .l

given below.

L L I ! ! |
0 5 10 15 20 2% 30
Time (sec)

Step Response for Zigler-Nichols
1.8 4 ™ T

. ' ' ] Figure 6 Tuning of the System using Z-N, A-H and
tAr 1 FOPID Controller

121 B

1t Step response of the system gives valuable information

utput

“Hosr ] such as Maximum overshoot (Mp %), rise time (Tr),
Zj peak time (Tp) and settling time (Ts) as shown the
ol _ table:

% : 6 Time’%sec) 20 2 * Table 3 Comparative analysis of FOPID and Existing
Controllers
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Step Maximum | Rise Peak | Settling
response overshoot | time time time
Specification M; % Te(sec) | Tp(sec) | Ts(sec)
Z-N PID 1.76 3.3 1.0615 | 205
A-H PID 1.43 3 1.0524 10.2
FO PID 1.13 1.6 | 0.7674 48

From the Table 3 the proposed method gives much
better performance with respect to Z-N method and
Astrom-Hagglund method especially for Maximum
overshoot (Mp %),), rise time(T:), peak time(Tp) and
settling time(Ts).

V. CONCLUSION

A method for tuning of PID and fractional order PID
controller has been proposed. The presented method
is based on idea of using Zeigler-Nichols for Kyand Ki
while Astrom Hagglund method is wused for
determining Kafor the conventional PID. Similarly Kp
and Ki parameter for fractional order PID controller
have been computed from Zeigler and Nichols method
and the remaining parameter K¢, A and p have been
found from Astrom - Hagglund method. The
simulation result demonstrated that the fractional
order PID controller has better response than the
conventional PID controller. The comparison study of
the proposed method for tuning of fractional order
PID controller certainly will be very important.
FOPID controller provides stability region even when
an Integer order PID controller cannot provide any

stability region.
VIL.REFERENCES

[1] J.G. Zeigler and N.B. Nichols,” Optimum setting
for automatic controller’, ASME Trans., pp. 759-
768, 1942

[2] S.Manabe, “The non — integer integral and its
application to control systems,” ETJ] of Japan,
vol.6, no.3-4, pp.83-87, 1961 .4.

[3] K.J.Astrom, CC.Hang, P.Pearson and W.K Ho:” A
self tuning controller with PID structure.”
Inst.J.of Control, 38, pp. 401-417(1983)

International Journal of Scientific Research in Science, Engineering and Technology (www.ijsrset.com)

[4] K.J.Astrom and T. Haggland;” Automatic tuning

of PID controllers”, Instrument Society of

America (1988).
[5] G. Maione and P. Lino, “New Tuning Rules for
Fractional ~PIADu  controllers”,  Nonlinear

Dynamics, 2006.

[6] M. Zhuang and D P Atherton, “Automatic
tunning of Optimum PID controllers,” in IEEE
Proceeding- Control theory and Application , vol.
140, 1993,pp.216-224

[7] K.J.Astrom and T. Haggland, “PID Controllers:
Theory, Design and Tuning.” Research Triangle
Park, NC: International Society for Measurement
and Controls, 1995

[8] L.Petras, “The
Methods for their synthesis and application”,
J.Elect.Eng, vol.50, no.9-10, pp.284-288, 1999.

[9] L.Podlubny, systems and
PIADp- CONTROLLERS,” IEEE Trans. Automat.
Contr., vol.44, pp.208-214, Jan.1999.

[10] Podlubny,l.: “Fractional — order Systems and

fractional-order controllers:

“Fractional-order

fractional  order  controllers.”Inst.Exp.Phys.
Slovak Academy of Science N-1UEF-03-94,Kosice
[11] O. Lequin , M. Gevers, M.Mossberg, E.Bosmans
and L. Triest , “ Iterative Feedback tuning of PID
parameters : Comprision with classical tuning

rules,” Control engineering Practice, vol.
11,2003,pp. 1023-1033.

[12] YangQuan Chen , Ivo Petras and Dingyu Xue ,”
Fractional order Control — A Tutorial” American
Control Conference , June 10-12, 2009 , pp. 1397-
1411

[13] W. Jifeng, L. Yuankai,

Analysis and Applications for Fractional Order

“Frequncy domain

Control System”, IOP,Journal of Physics:Conf. 13,
pp-268- 273, 2005.

[14] K. Bettou, A. Charef, F. Mesquine, “A new design
method for fractional PIADu controller”, IJ-STA,
vol. 2, pp.414-429, 2008.

[15] B. Vinagre, 1. Podlubny, L Dorcak and V. Feliu,
“On fractional PID controllers: A frequency

domain approach”,JIFAC workshop on digital

[ o753 L



control. Past, present and future of PID control,
pp- 53-58, Terrasa, Spain, 2000.

[16] Subhransu Padhee, Abhinav Gautam, Yaduvir
Singh, and Gagandeep Kaur “A Novel
Evolutionary Tuning Method For Fractional
Order PID Controller”, International Journal of
soft computing and Engineering(IJSCE),Issue-
3,July 2011

[17] S.E. Hamamci “An algorithm for stabilization of
fractional order time delay systems using
fractional-order PID controllers”, IEEE Trans. On
Automatic Control, vol. 52,pp. 1964-1969, 2007

[18] R. S. Barbosa, J. A. Tenerio, Machado and Isabel.
M. Ferreira, “Tuning of PID controllers based
Bode’s Ideal transfer function, Nonlinear
Daynamics, vol. 38, pp.305 - 321, 2004.

[19] W. Jifeng, L. Yuankai, “Frequncy domain
Analysis and Applications for Fractional Order
Control System”, IOP,Journal of Physics:Conf. 13,
pp-268- 273, 2005.

[20] D. Xue, Y.Q. Chen, D. P. Atherton “Linear
Feedback Control Analysis and Design with
MATLAB”, Advance sin Design and Control,

Siam, 2007.
[21] Valerio, “Ninteger v. 2.3 Fractional control
toolbox for MatLab”,

http://web.ist.utl.pt/~duarte.valerio, 2005.

[22] K. Ogata, “Modern Control Engineering”,
Prentice Hall,New Jersey, 2002.

[23] Mohd Fua’ad Rahmat , Amir Mehdi Yazdani ,
Mohammad Ahmadi Movahed and Somaiyeh
Mahmoudzadeh ,” Temperature control of
continuous stirred tank reactor by means of two
different Intelligent Strategies” IJSSIS, Vol. 4.

International Journal of Scientific Research in Science, Engineering and Technology (www.ijsrset.com)

[ 676 L



