”:0 Scientific
&. 9. Research
0.:, Publishing

Retraction Notice

Title of retracted article: ANFIS Controller for AGC in Restructured
Power System

Author(s): B. S. Solaiappan*, Kamaraj Nagappan

* Corresponding author. Email: baghya_shree@yahoo.com

Journal: Circuits and Systems

Year: 2016

Volume: 7

Number: 3

Pages (from - to): 145-155

DOl (to PDF): http://dx.doi.org/10.4236/cs.2016.73014

Retraction date: 2016-07-08

Retraction initiative (multiple responses allowed; mark with X):

O All authors

X Some of the authors:

I Editor with hints from Journal owner (publisher)
Institution:
Reader:
Other:

Retraction type (multiple responses allowed):
O Unreliable findings
Lab error Inconsistent data Analytical error Biased interpretation
Other:
Irreproducible results
Failure to disclose a major competing interest likely to influence interpretations or recommendations
Unethical research

|
|
O
O Fraud
Data fabrication Fake publication Other:
O Plagiarism [J Self plagiarism O] Overlap [0 Redundant publication *
[0 Copyright infringement [J Other legal concern:
[0 Editorial reasons
Handling error Unreliable review(s) Decision error Other:

X Other:

Results of publication (only one response allowed):
X are still valid.
1 were found to be overall invalid.

Author's conduct (only one response allowed):

1 honest error

[0 academic misconduct

X none (not applicable in this case — e.g. in case of editorial reasons)

*  Also called duplicate or repetitive publication. Definition: "Publishing or attempting to publish substantially the same
work more than once."



.0:0 Scientific
€. 9. Research
0.:. Publishing

History

Expression of Concern:

O vyes, date: yyyy-mm-dd
X no

Correction:
O yes, date: yyyy-mm-dd
X no

Comment:

The paper is withdrawn from "Circuits and Systems" due to personal reasons from the corresponding author of this
paper.

This article has been retracted to straighten the academic record. In making this decision the Editorial Board follows
COPE's Retraction Guidelines. The aim is to promote the circulation of scientific research by offering an ideal research
publication platform with due consideration of internationally accepted standards on publication ethics. The Editorial
Board would like to extend its sincere apologies for any inconvenience this retraction may have caused.

Editor guiding this retraction: Prof. Mehdi Anwar and Prof. Gyungho Lee (EiC of CS)


http://publicationethics.org/files/retraction%20guidelines.pdf

Circuits and Systems, 2016, 7, 145-155 ’0:0 Scientific
Published Online March 2016 in SciRes. http://www.scirp.org/journal/cs ‘Qto’ Research

. S 9
http://dx.doi.org/10.4236/cs.2016.73014

ANFIS Controller for AGC in Restructured
Power System

B. S. Solaiappan?*, Kamaraj Nagappan?

'Department of Electrical and Electronics Engineering, University College of Engin
Anna University, Chennai, India

2Department of Electrical and Electronics Engineering, Thiagarajar College
Email: ‘baghya_shree@yahoo.com, nkeee@tce.edu

Received 15 February 2016; accepted 26 March 2016; published 3

http://creativecommons.org/licenses/by/4.0/

Abstract

to aggressiveness in fre
ancillary services. For

IFIS controller is designed to improve the dynamics, such
settling time, reduce the steady state error of frequency
aintain the balance between generation and demand. Five
hermal-Gas power generations are considered here as a test
effects of the feasible contracts are treated as a set of new input
dynamical model. The key benefit of this strategy is its high insen-

1. Introduction

For a large interconnected power system, sudden load change causes the deviation of tie-line exchanges and the
frequency fluctuations. Hence AGC is extremely important for supplying electric power with good quality. Nowa-
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days, the electric power industry is moving towards an open market, which means the consumers have an op-
portunity to buy power at competitive price among various suppliers. Deregulation is the collection of unbun-
dled rules and economic incentives that governments set up to control and drive the electric power industry.
Power system under open market scenario consists of generation companies (GENCOs), distribution companies
(DISCOs), and transmission companies (TRANSCOs) and independent system operator (ISO). In deregulated
environment, each component has to be modeled differently because each component plays an important role.
There are crucial differences between the AGC operation in a vertically integrated industry (conventional case)
and Deregulated power industry (new case). In the restructured power system after deregulation, operation, si-
mulation and optimization have to be reformulated although basic approach to AGC has been kept the same. In
this case, a DISCO can contract individually with any GENCO for power and these transacti@ e made under
the supervision of 1SO. DISCO Participation Matrix concept is introduced to narrate the géntracts between
GENCOs and DISCOs. The information flow of the contracts is superimposed on theftkaditional AGE system.
With increasing size and complexity of the restructured power systems, signifi inti
bances in power system control and operation may take place. It is desirable t i
developed to achieve AGC goals and maintain reliability of the electric po i adec ate level. In

this paper, the five area deregulated power system is formulated for unequa Os and GEN-
COs and specifically focusing on the dynamics and trajectory sensitivi line power flows

The concept of a DISCO participation matrix (DPM) is propos alization and imple-
mentation of the contracts. The AGC is based on an error signal or (ACE) [1] which is a
linear combination of net-interchange and frequency errors.

ACE =Y (AR{ | o))
i
where b, is the frequency bias coefficient of thei are " area, AR s
the tie line power flow error between i area and " j area.
A lot of researchers have analysed about AG a dereg wer system over last decades. The conven-

tional control strategy used in industry is to take
[3] that the use of ACE as the control signal red :
state. These studies try to modify th i FC system [4] [5] to take into account the effect of bilateral
contracts on the dynamics [6] and ical transient response of the system under competitive
conditions. This paper propose i
zero steady state error [7]
[10] becomes challengi

frequency oscillations in an interconnected power system [9]
ntmg in the future competitive environment. Consequently advanced
trol schemes [11]-[13] are required to ensure the power system re-

liability. The conveRti controller may no longer be able to attenuate the large frequency os-
cillation due tg of the governor [7]. Conventional controller is simple for implementation but
takes more quency deviation [14] [15]. Fixed gain controllers are designed at nominal
operatin il to provide best control performance over a wide range of operating conditions

eep system performance near its optimum, it is desirable to track the operating con-
ameters to compute the control. Adaptive controllers with self-adjusting gain settings
LFC [19]-[21]. There has also been considerable research work attempting to propose
based on neural network [19]-[23] fuzzy system theory [15] and reinforcement learning
confirms that ANFIS approach has also been applied to hydrothermal system [25] [26].

during the earlier period in the area of AGC narrates interconnected two equal area thermal systems

been centred in the region of the design of governor secondary controllers, and design of governor primary control
loop. Apparently no literature has been discussed about AGC performance subjected to simultaneous small step
load perturbations in all area or the application of ANFIS technique to a multi-area power system. The escalation
in size and convolution of electric power systems along with increase in power demand has necessitated the use of
intelligent systems that combine knowledge, techniques and methodologies from various sources for the real-time
control of power systems.

In this paper, an effort has been made to apply hybrid Neuro-Fuzzy (HNF) controller for the automatic load
frequency control for the five area hydro-thermal-gas restructured power system in consideration with nonlin-
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earities. The simulations are carried out in presence of the GRC’s because ignoring GRC shows the way to non-
realistic results.

2. System Investigated

In this multi source generating system, there are five control areas (Figure 1) in which each area has different
combinations of GENCOs and DISCOs. Area 1 comprises of three GENCOs with thermal power system of re-
heat, hydro and gas turbines and two DISCOs, area 2 comprises of two GENCOs with hydro and thermal com-
bination and one DISCO, area 3 consists of two GENCQOs with gas and thermal (reheat turbine) combination and
two DISCOs, area 4 includes two GENCOs of hydro-thermal combination with one DISCO and area 5 has two

(DPM). The DPM for the n™ area power system is as follows:
Cpfll Cple

cpfy,  cpfy,

DPM = 2

Cpfnl Cpfnz

In DPM, the number of rows is equal to the number @f GENCOs and the fiumber of columns is equal to the
number of DISCOs in the system. Any entry of this rix is a fractjon of total load power contracted by a
DISCO towards a GENCO [24]. The sum of total entries

(i.e) icpfij =1.
j=1

©)

Figure 1. Schematic diagram of five control area restructured power system.
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i-1
For i,j=12-,N, and s=)'n; z;=)m;; s,=2=0. Where, n, and m, are the number of
k=1 k=1

GENCOs and DISCOs in area i. The gpfj; refer to generation participation factor and shows the participation as-
pect of GENCOi in total load following the requirement of DISCOj based on the possible contract.

In a power system having steam plants, power generation can change only at a specified maximum rate. The
structure for i area in the presence of nonlinearities is shown in Figure 2. A typical value of the generation rate
constraint (GRC) for thermal unit is 3%/min, i.e., GRC for the thermal system be APGt(t)<0.0005 p.u.MW/s.
Two limiters, bounded by +0.0005 are employed within the AGC of the thermal system to prevent the excessive
control action. Likewise, for hydro plant GRC of 270%/min. for raising generation and 360%/min. for lowering
generation has been deemed. Thus, for Raising, APGh(t)<0.045p.u.MW/s for Lowering
APGh(t) <0.06 p.u.MW/s .

The generation rate constraints for all the areas have been engaged keen on addi

limiting value of governor dead band is 0.06% [26]. One of the effects of
vious steady state speed regulation, R. Turbine-Governor Dead bands
connecting the piston to the camshaft [23]. Backlash is the nonline

3. ANFIS Controller

The Hybrid combination of neural and fuzzy is consider
The adaptive network simply transforms the neural ne
This proposed network works similar to adaptive netwo

twork for this real time problem.
rk architecture with classical feed forward topology.
imulator offTakagi-Sugeno’s fuzzy controllers. This

rameters using back propagation gradient desce
rameters respectively for the set of input and out

of them is governed by fuzzy i . e part of a rule defines a fuzzy subspace, while the resul-
tant part states the output inside 3

di
S APloci APdi
Genei D APl
lay- Afi
1 / 1 + A& ! !
1+sT, 1+sT, M- D+sM,
Governor  Rate Limiter ~ Turbine
| Backlash . Power System
. N
L [ - . N
R : G Disci 1)
Ry l k@n_c;n) APgni  APmni &“—" tZZI T;
¢gontroller = 7’ '
\r's 1 1 il
ol —
14T, [ / "l 1asT,
+
— - 2n/s +—
APtie,i,error + APtie,i,actual =
Wi

:
.

1

Figure 2. Control structure for i area with nonlinearities.
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corresponds to a single Sugeno-type fuzzy rule for calculating the firing strength. Layer 4 is the normalisation
layer and each neuron receives inputs from all neurons in the rule layer and calculates the normalised firing
strength as per the rule. Layer 5 is the defuzzification layer; each neuron in this layer is connected to the respec-
tive normalisation neuron, and also receives initial inputs, ACE and derivative of ACE.

The weighted average defuzzification method is employed here, it is framed by weighting each membership
function in the output by its respective maximum membership value. Layer 6 is represented by a single summa-
tion neuron, in which neuron calculates the sum of outputs of all defuzzification neurons and produces the over-
all ANFIS output (i.e.,) stabilising signal for maintaining ACE as zero. The Multi Layer Perceptron (MLP)
structure model of ANN is exercised for AGC of five unequal area Hydro-Thermal-Gas system.

ANFIS Controller Design

This ANFIS controller make use of Sugeno-type fuzzy inference system (FIS) contr@

practice. The procedure for designing ANFIS controller in MATLAB Si
1) Sketch the Simulink model with fuzzy controller and simulate it
training data while simulating the model.
2) The two inputs, i.e., ACE and d(ACE)/dt and the output sig inifg data.
3) Use anfisedit to generate the ANFIS. fis file.
4) Stack the training data composed in Step 2 and creat i embership function.
5) Train the collected data with generate FISuptoap
6) Save the FIS. This FIS file is the Neuro-Fuzzy enh

4, Simulation Results and Discussion

ities. The simulation study has been carried 0
Transactions and for the worst case, Contract vio

e cases, namely Poolco Transactions, Bilateral
results illustrate that ANFIS controller proves good

0 0 03 0 01 02 0 03
05 0 0O 02 0 01 01 O
0 03 O 0 025 01 0 O
025 02 04 O 0 0 0 O
0 03 01 025 O 0 0 O
AGPM =| 0 0 02 02 05 0 0 O
0 0 0O 03 015 0 0 O
0 03 O 0 0O 04 0 O
0 0 O 0 0 02 0 O
025 0 O 0 0 0 06 O
0 0 O 0 0 0 03 07

4.2. Case 2: Synthesis of Poolco and Bilateral Based Transactions

In this case, DISCOs have the liberty to deal with any of the GENCOs within or with other areas. The AGC as-
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signment accomplished through the following AGPM. The inconsistency based on this transaction is listed in
Table Al and Table A2.

0 0O 03 0 01 02 0 03

05 0 0 02 0 0101 O

0 03 O 0 025 01 0 O

025 02 04 O 0 0 0 O

0 025 01 025 O 0 0 O
AGPM =| 0 0O 02 02 05 0 0 O

0 0 0 035 015 0 0 O

0 025 0 0 0 04 0 0|

0 0 0 0 0

025 0 0 0

0 0 0 0

4.3. Case 3: Contract Violation

In this scenario, Disco may defy the contracts by demanding
excessive power is revealed as a located load of that area (

= z
= 0.05 = 0
— o
g o £ 005 1
<
% i E [
2-0.05 a -0.1 1
> >
Q Q
5 5
= -0.1 =, -0.15
o o
3] ]
= =
~ L n | -0.21 L u L
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Figure 4. Frequency deviation for 10% rise in load (a) Area 4 (b) Area 5.
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steady state stability for 10% rise in demand of discos in all the five areas which is shown in Figures 4-6. The
figures depicts that the characteristics are almost spikes free and all settled quickly with smooth nature and having

reduce overshoot and undershoot.

The Table 2 shows the comparison of GENCO power deviation for the three scenarios with theoretical and
the simulated values by (10). The simulated values are almost same as that of the theoretical value which means
that the proposed controller is a consistent and reliable one for AGC of deregulated power system. The results
thus obtained through simulation depicts that the proposed controller holds better performance for all possible

contracts and for wide range of load disturbances.

0.05

o
1=
W

]

o
=3
b

0.04

o
o
@

0.03
0.02 & |

0.02

o
=)

0.01
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e poper Deviation in 14 pu Mw

Tie-line power Deviation in 12 pu Mw
Tie-line power Deviation in 13 pu Mw

o
o

0

20 0

(=]
wn
=
oy

Tie-line power Deviation in 15 pu Mw

20

15 20
- Scenario
1 2 3

1 0.1 0.09 0.107

2 0.04 0.085 0.097

3 0.075 0.09 0.11

1 0.042 0.065 0.075

2 0.09 0.085 0.1

1 0.05 0.09 0.105
3 2 0.06 0.06 0.068

1 0.125 0.05 0.07
! 2 0.058 0.02 0.03

1 0.11 0.1 0.11
> 2 0.045 0.065 0.0825
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5. Conclusion

The various sources for generation are common for any real time grid in operation. It is a complex one to organ-
ize the different areas in a deregulated environment by means of frequency and tie line power flows. The con-
ventional controllers for AGC are capable of coordinating but with large overshoots and settling time in its fre-
quency and tie line power flows. As a result, an ANFIS controller is proposed for multi source generation for an
AGC. This controller achieves reliability over tracking frequency and tie line power deviations for a wide range
of load disturbances and system uncertainties for five interconnected areas. The proposed controller has proved
its robust performance with reduced overshoot, undershoot and settling time with large load demands and un-
certainities. The simulated result shows that ANFIS controller is best suitable for real time deregulated system
for any number of interconnected areas.
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Appendix

Table AL. Tie line power deviation with respect to response characteristics.

Overshoots (MW) Undershoot (MW) Settling time (secs)

Area Scenario Scenario Scenario

1 2 8 1 2 1 2 3
1-2 0.052 0.0266 0.048 —0.044 -0.019 6 8
1-3 0.0037 0.1393 0.1092 —-0.012 —0.006 7 4
1-4 0.052 0.6619 0.0523 —0.044 —0.085 9
1-5 0.0048 0.2393 0.112 —-0.014 —0.007 8
2-3 0.0053 0.691 0.232 —-0.016 —0.006 7

Table A2. Frequency deviation with respect to response characteristics.

Overshoots (MW) Undershoot (MW)
Area Scenario Scenario CotTrr? : E::Icz; 2
1 2 8 1

1 0.2386 0.1761 0.2146 —0.367

2 0.1092 0.0556 0.0414 —-0.07

3 0.3671 0.2856 0.2489 —0.246 0.15

4 0.1204 0.1932 0.3656 —0.008

5 0.0946 0.2969 0.4806
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