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Abstract—Some methods are available to optimize problems
such as Particle Swarm Optimization (PSO) -which is a
computational method- by having a population of candidate
solutions. In this paper we presented four PID, FPID, TID and
ITID controllers and applied each one on four different error
functions in an AVR system by means of PSO algorithm. This
performance led us to a specific conclusion and also a
comprehensive result was drawn out of the system’s response and
diagrams. According to rising time, settling time and overshoot
percentage, we gathered a presentation that helps everyone to
find the best controller easily while working with different error
functions.
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I. INTRODUCTION

During the past decades while the world was becoming
more industrial and modern, the need for modern controllers
became more essential. As the old controllers were not
suitable for new systems, therefore engineers tried to find new
methods to reduce the instability of systems in order to reduce
cost and time and in the other hand to increase the efficiency.
To achieve this goal, research in the field of control increased,
insofar as we see some great advances in control methods such
as modern control, fuzzy control, neural control and adaptive
control.  The three basic controllers were Proportional,
Integral and Derivative, that the combination of these
controllers could result new ones for new purposes. Although
PI controller made advances, it was not efficient in some
fields. So a new controller (PID) was designed. PID controller
is one of the common samples of feedback control algorithm
which is used in many control processes like. DC motor speed,
pressure control and etc. It is formed of three proportional,
integral and derivative controllers that each of them do
specific operations. The PID controller transfer function is:

C(s):Kp+£+de (1)
S
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As K, increases the system speed increases too, and steady
state error decreases approximately by zero. (Ess # 0)

In presence of K, steady state error becomes zero (Ess = 0)
and overshoot adds a bit to transient response. The derivative
controller weakens the fluctuations of transient response and
brings the step response to ideal [1]. The Fractional Order
PID, after PID controllers, was designed to enhance the
operations. Afterwards Podlubny improved the PID controller
to Fractional Order PID (FOPID) in 1999.

Considering the transfer function:

C(s):Kp+%+de“ 2)
brings us to appoint that in addition to three parameters of PID
controller (K, Kj, Kq) there are two other parameters (A and p)
which are in fractional order to create a new method [2], [3].
One of the feedback system controllers introduced for PID
controller is Tilted Integral Derivative controller (Lune, 1994).
In this controller the proportional component was replaced by
tilted component that enhances the operation of transfer
function than in PID. The TID is another commonly used
fractional calculus based controller [4], [5], [6].I-TI controller
has a better phase lead characteristic than TI and it consumes
less energy and decreases the error, and also it increases
system speed [7].

IL.

A lot of definitions of fractional operators are available in
the Literature. Riemann—Liouville definition which is
mentioned below is a commonly used definition of the
fractional integration

FRACTIONAL ORDER OPERATOR
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Fig. 1. Conventional Tilted Integral Derivative. [8]

while the fractional derivative definition is

D’ f(t)=D"[D7 f(1)] 4)
where
() = j:x“*le**dx ®)

is the Gamma function, a is the order of the integration, m is
an integer number, and y = m—.

The Laplace transform method can be employed to analyze
the system and synthesize the controller in the frequency
domain. Under zero initial conditions, the Laplace transform
of the fractional integral given by Riemann-Liouville for
order a is:

LD (1) =5""F(s) (6)

where F(s) is the normal Laplace transformation f (t) [7].

III.

Particle Swarm Optimization (PSO) is an algorithm to
optimize a non-linear and multi-dimensional problem which
makes better solutions in case of minimal parameterization
requirement. James Kennedy and Russell Ebhart in 1995
introduced the algorithm and its idea of “Particle Swarm
Optimization”. Creating a swarm of particles is the basic
concept of the algorithm moving in the space around them (the
problem space) searching for their goal, the place which best
suits their needs given by a fitness function [9].

PARTICLE SWARM OPTIMIZATION

Xy (t+1) = v, () + b7 (p, (1) = x, (1))
X (t+1) = x, () +v, (1+1)

()
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IV. LINEARIZED MODEL OF AN AVR SYSTEM

The main role of an AVR is to keep the terminal voltage
magnitude of synchronous generator at a specific level. An
AVR system which meant to be simple consists of four main
components, namely amplifier, exciter, generator and sensor.
These four components must be linearized because of their
mathematical modeling and transfer function, which takes into
account the time constant and rejects the saturation or other
nonlinearities. The transfer function of these four components
is represented as below and the block diagram is presented in
Fig. 2.

Amplifier Model

The amplifier model is known by a gain Ka and a time
constant Ta and the transfer function is:

Ve (s) _ K,
Ve(s)
The range of 10 to 400, are the common values of K4 and

the amplifier time constant is in the range of 0.02 to 0.1 s,
which is very small.

®)

I+7,s

Exciter Model

Here is the transfer function of a modern exciter
which is represented by a gain Kg and a single time
constant Tg.

1+0.1s

k,
k,+"+k,s
5

1+0.4s

1
1+0.01s

Fig. 2. Block Diagram of an AVR System with a PSO-PID Controller

Ve (s) _ K,

Ve (s) )

I+7.s

The range of 10 to 400, are the common values of Kg and
the amplifier time constant is in the range of 0.5 to 0.1 s.

e Generator Model
The transfer function of a generator terminal voltage
which related it to its field voltage, in the linearized

model is as below, by a gain Kg and a time constant Te.

Vt(s) — KG (10)
Vi(s)
These constants are depended on load. Kg may vary

among 0.7 to 1.0, and Tg can vary in the range of 1.0 and 2.0 s
from full load to no load.
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o Sensor Model

The sensor is presented by a simple transfer function as
below

7G6) Ky

Vi(s) l41gs (12)

Tris ranging from 0.001 to 0.06 s, which is very small [10].

V. ESTIMATING THE PERFORMANCE OF CONTROLLERS

The four controllers’ (PID, FPID, TID and ITID) method
design is using integrated absolute error (IAE), integrated

N

Controller > AVR

v

J(0) PSO

Fig. 2. Control Parameter Optimization Diagram. [2]

absolute time-weighted-error, integral of squared-error (ISE),
and integrated of time-weighted-squared-error (ITSE). The

IAE, IATE, ISE and ISTE formulas are as below:

IAE = j:| e(t)| dt

TABLE L. RANGE OF PARAMETERS
Controller Min. Value Max. Value
Parameters
K, -2 8
K 0 3.5
Ky 0 1.5

JATE = j:r le(t)| dt (13)
ISE = j:’ & (t)dt

ISTE = j: te’ (t)dt

The optimization block diagram consisted of controllers,
system and PSO is presented in Fig. 3 and the range of the
parameters used in whole system is presented in Table. 1.

VI. RESULTS

After applying the four PID, FPID, TID and ITID
controllers on AVR System using four error functions (IAE,
IATE, ISE and ISTE) by PSO algorithm we collected and
presented the whole responses in four diagrams and four tables
(tables II to IV and figures 4 to 7) in order to determine the
difference clearly and then a conclusion is extracted from
diagrams which guide us to know which controller is suitable
for each error function.

TABLE II. RESULTS FOR IAE
Controllers K, Ki Ka n A n d.o. T Ts My(%) IAE
PID 0.8402 | 3.5 | 0.3315 - - 0.1988 1.2109 1.3035 0.3198
FPID -2 3.5 1.5718 -1 07 | 04 0.2408 NaN 1.3061 0.6801
TID 8 3.5 1.1869 | 5 - 0.1936 2.0010 4.0029 0.2849
ITID 0.0879 | 3.5 | 0.1487 - - 0.2 0.5102 0.8138 1.0681 0.3312
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Fig. 4. IAE Diagram Fig. 5. IATE Diagram

TABLE IIL RESULTS FOR IATE

Controllers Kp Ki Ka n A n d.o. Tr Ts M, (%) IATE
PID 0.1321 | 3.5 0.1575 - - - - 0.5004 | 0.8634 0.0918 0.0750
FPID - 3.5 0.4095 - | 0.7 | 0.65 - 0.0742 NaN 57.4987 1.1879

1.0185
TID 1.7153 | 3.5 0.4670 | 5 - - - 0.3146 | 1.1017 10.3094 0.1768
ITID 0.6130 | 3.5 0.2586 - - - 0.2 0.2191 1.3575 2.0207 0.1895

5
Time(sec) Time(sec)

Fig. 6. ISE Diagram Fig. 7. ISTE Diagram
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TABLE 1V. RESULTS FOR ISE

Controllers K, Ki Ka n N n d.o. T, Ts My(%) ISE
PID 3.2035 | 3.5 1.4678 - - - - 0.0665 | 2.8700 44.1612 0.1187
FPID -2 35 1.397 - 0.7 0.4 - 0.3196 NaN 3.3034 0.2549
TID 8 35 1.0318 5 - - - 0.1707 | 2.4935 10.3315 0.1504
ITID 22263 | 3.5 1.362 - - - 0.2 0.0668 | 2.6828 45.4967 1.1361

TABLE V. RESULTS FOR ISTE

Controllers K, Ki Ka n A n d.o. T T;s My(%) ISTE
PID 0.4117 3.5 0.2166 - - - - 0.3548 2.2676 7.0539 0.0334
FPID 2 35 | 07342 | - 05 | 05 - 15267 | NaN 0 0.2885
TID 8 3.5 1.1511 5 - - - 01872 2.1548 3.6337 0.1686
ITID 0.0993 3.5 0.1143 - - - 0.6 0.4901 0.8532 1.3475 0.0303
In some situations, the conclusion made from minimum the expected range. So the four energy diagrams (figures 8
cost is not enough and we should take a look at energy to 11) are presented.

diagrams in order to find if the energy usage is not above
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Fig. 8. IAE Energy Diagram Fig. 9. IATE Energy Diagram
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Fig. 10. ISE Energy Diagram

VIL

As discussed earlier in this paper we tried to gather a
complete overview of common controllers and also presented
their error diagrams, energy diagrams and each one’s vital
information in separated tables in order to give the reader a
brief view to select the appropriate controller for each error
function. According to Fig.4 and the min cost from Table.Il, it
is obvious that TID controller is showing a better result for
IAE error function and also Fig.5 and Table.Ill, lead us to
select PID controller for IATE error function. Results from
Fig.6 and Table.IV show the PID controller as the appropriate
one for ISE error function and meanwhile ITID controller is
better for ISTE error function according to Fig.7 and Table.V.
As seen in figures 8 to 11 energy diagrams are not changing
much which means that there is no anxiety about energy
consumption.

CONCLUSION

REFERENCES

Karl-Erik Arzén, “A Simple Event-Based PID Controller,” Proc. 14th
IFAC World Congress, pp 1-6, Vol 18, 1999.

K. Bettou., A. Charef, “Improvement of Control Performances Using
Fractional PID Controllers,” K. Elissa, “Title of paper if known,”
unpublished. pp 1-7, 5th International Symposium on Hydrocarbons &
Chemistry (ISHCS), Sidi Fredj, Algiers, May the 23rd to 25th, 2010.

(1]

871

25

20

[10]

Time(sec)

Fig. 11. ISTE Energy Diagram

Choucha abdelghanil, Chaib Lakhdar, Arif Salem, Bougrine Med
Djameleddine, Mokrani Lakhdar, “Robust design of fractional order
PID sliding mode based power system stabilizer in a power system via a
new metaheuristic Bat algorithm,” Recent Advances in Sliding Modes
(RASM), 2015 International Workshop, pp 1-5, April 2015.

Lurie, Boris J., “Three Parameter Tunable Tilt-Integral-Derivative (TID)
Controller,” US-PATENT-5,371,670, US-PATENT-APPL-SN-023253,
NASA-CASE-NPO-18492-1-CU, NASA, United States, 13p in English,
Dec 06, 1994

M. Shahiri T., A. Ranjbar N., R. Ghaderi, S. H. Hosseinnia, S. Momani,
“Control and Synchronization of Chaotic Fractional-Order Coullet
System via Active Controller,” Nonlinear Sciecnces, Chaotic Dynamics,
pp 1-6, June 2012

Ozan Tokatli, Volkan Patoglu, “Generalized Vitual Environment Models
for Haptic Rendering,” TrC-IFToMM Symposium on Theory of
Machines and Mechanisms, Izmir, Turkey, pp 1-7, June 2015.

Mostafa Asadollahi, Amir Rikhtegar Ghiasi, Hassan Dehghani,
“Excitation Control of Synchronous Generator Using a Novel
Fractional-Order Controller,” IEEE, IET Journals, Transmission and
Distribution, pp 1-6, June 2015.

Karanjkar D. S., Chatterji. S., Venkateswaran P.R., “Trends in
Fractional Order Controllers,” International Journal of Emerging
Technology and Advanced Engineering,Vol. 2, Issue 3, March 2012.
Riccardo Poli, James Kennedy, Tim Blackwell, “Particle Swarm
Optimization,” Springer, Swarm Intelligence, Vol 1, Issue 1, pp 33-57,
June 2007.

Zwe-Lee Gaing, “A Particle Swarm Optimization Approach for
Optimum Design of PID Controller in AVR System,” IEEE
Transactions on Energy Coversion, Vol. 19, No. 2, pp 384-391, June
2004.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


