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Abstract: The performance of the Automatic Voltage Reguléi¢R) and the Power System Stability (PSS) methody be
degraded stability of the power system. This papesents an Adaptive Neural Fuzzy Inference Sys{&§1S) algorithm for
stability of the power system, we use an Adaptiegwdrk based Fuzzy Interference System architeearended to response
with multivariable systems. By using a hybrid léaghmethod, the suggested ANFIS can setting strectiagram input - output
based on both human knowledge and stipulated iopttut data pairs. Simulation results present thevergence of the
algorithm is improved.
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1. Introduction This paper refers to a controller using Adaptiveufdé
Fuzzy Inference Systems to replace the power system
In power systems, the electromechanical oscillastioithe stabilizer (PSS). This is one control algorithnused widely
generators may adversely affect. Thus, using theepo in the field of automatic control which is effeaivor the
system stabilizer PSS controllers is necessamwilltdamp nonlinear of plants. Adaptive Neural Fuzzy Inferenc
the electromechanical oscillations in power systeifise Systems algorithm is used for power system operatibich
plants of linear models at each operating pointdifferent. ~ excitation system of the generator will be autoozly
The proposed PSS based primarily on a transfetibmand adjusted to limit disturbance. In there, reseassliés set for
a linear model of the plant has been widely use@[B]. controller parameters is very important, it deter@si the
However, the feature of the power systems has dynanperformance characteristics of the system generator
and highly nonlinear. Therefore, the performanc®$86 can The remainder of the paper is organized as follows.
degrade under variations of the nonlinear charisties of Section Il describes Mathematical model of the esysto
the plant. synchronize generators. In section Ill, The AdaptNeural
In recent years researchers used neural - fuzhpniggees Fuzzy Inference Systems (ANFIS) in Small-signalbitsy
to control complex systems utilizing solely the utyoutput for Power System is presented. Section IV presents
data sets. Meanwhile, fuzzy control technique nepui simulation results. The conclusions are given ctise V.
human knowledge and experience to set the IF — THHE¢.
This deficiency can be overcome by combining tharake :
networks and fuzzy logic, the proposed ANFIS With2' Mathema!:lcaj Model of the %/Stem to
rule-based of controllers has shown promising teg\8, 6]. Synchronlze Generators
The viewpoint proposed here which is Adaptive Neura
Fuzzy Inference Systems is used to solve the pmable
mentioned above. We use ANFIS replace the conwvegitio
control method to solve the performance concernsthis
study, a first step is taken towards systematidyaizausing

For small-signal stability analysis, dynamic modgliis
required for the major components of the poweresystit
includes the synchronous generator, excitation esyst
automatic voltage regulator (AVR), etc. The moded\sn in
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Fi li d to obtain the li ized dynanmicieh [13]. K
igure 1 is used to obtain the linearized dyna [13] AE,, = 1+SAT (-AU,) @)
A
Ex Line Es
Infinite bus Therefore, the model synthesis of linear systenssiteen
Z=R+jX derived from power system disturbances as Figure 2.
Figure 1. Single machine connected to a large system thréxagismission Field Circuit
lines K. "ﬁTJ‘b‘
The governing dynamic equations of the system [@] a 1+sF,
shown as in (1). L.
K
AT, = KA+ KAy,
_ K
Ay, = ﬁ[AEm - K,Ad ]|
AE, = KA+ KAy 1)
pAw, = i(ATm - KA - Kphw,)
2H -
pPAd = w,Aw, . 1
B 2Hs + K_
Where AV, N
KS is synchronizing torque coefficient in pu torfrae A
KD is damping torque coefficient in pu torque/pesg L Voltage . I
deviation 1+57, |ransducer o
H is inertia constant in (MW-Sec/MVA) f
Aw is speed deviation inpu=(w — )/ w,
AO is rotor angle deviation in elec. rad v
ay, is rated speed in elec. rad/87zf, E ﬂfﬂ
The coefficients K1 ->K6 depend on the parametéthe
gl’ld and the power system VOItage' Figure 2. Block diagram representation with Exciter and AVR.
K :ATeil
YT, 3. The Adaptive Neural Fuzzy Inference
= N Wato + Locd ) ~ MW o Ll Systems (ANFIS) In Small-Signal
Sability for Power System
AT,
K,= Ag[/e } The Adaptive Neural Fuzzy Inference Systems isnd kif
fd l5=g, neural network which is based on Takagi—Sugeno yfuzz

) o L. inference system. Since it integrates both newaborks and
TN, Wago t Lagd ) = MY st Lol o) +ﬁds' 0 fuzzy logic principles, it has ability to captuteetadvantages
f of both in a single framework. Its inference system

L 1 corresponds to a set of fuzzy IF-THEN rules that @apable

,=—% : . of learning to approximate nonlinear functions [16Ence,
Lagu| 17 (Lage/ L @) + My L ANFIS is regarded to be a universal estimator.[8]

In this section, we propose a class of adaptiveveorks

K = mL. which are functionally equivalent to fuzzy inferengystems.
‘TLL The proposed architecture this is called ANFISnhditag for

fd —adu

Adaptive Neural Fuzzy Inference Systems. We desdnitw
u u , to analyse the parameter set in order to applyhyteid
KSZU%Z[_Ra”lJ' X q“ﬁ:[_ Ro+ % learning rule. Besides, we demonstrate how to appéy
Stone-Weierstrass theorem to ANFIS will be simetifi4, 5]
} Fuzzy if-then rules and how the radial basis florcti
network relate to this kind of simplified ANFIS
For simplicity, we assume the fuzzy inference systeder
consideration has two inputs=Aw and y=APe and one
output f. Suppose that the rule base includes taeyf if-then

=Ysor_ Yo | - ppo ¥ Lass
Ks Uto[ Ra”b*')%’}]*'um[ Ro= X me e
On the other hand, excitation system is used SThi&lnis

synthesized in the form of small disturbance inliteeature [7,
9, 11]:
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rules of Takagi and Sugeno’s type [6, 10].
In this study using 5 set of fuzzy rule, such as:

Rulel:if x is A and yis B, then f, = px+qy+¥1

Rule2:if x is A, and yis B,,then f, = p,x+q,y +r,
Rule3:if x is A, and yis By, then f, = p;x+q,y+r,
Rule 4:if x is A, and yis B,,then f, = p,x+q,y+1,
Rule5:if x is A; and y is B, then f; = p;x+q,y +7;.

For the training of the network, there is a forwpeds and a
backward pass. We now look at each layer in tumtlie
forward pass. The forward pass propagates the wgator
through the network layer by layer. In the bacldyaass, the
error is sent back through the network in a simif@nner to
back-propagation.

Then the fuzzy reasoning is illustrated in Figurégd the
corresponding equivalent ANFIS architecture issrrayure4.

Al [g
"""" W
/\ ? \ Si=px+qy+n
X l Y
A B

W

fr= P+ gy +r,

<\,
L= DX+ gy + 1

f =D X+ gy +is

Figure 3. Fuzzy reasoning

The node functions in the same layer are of theesam

function family as described below:
- Layer 1: Every node in this layer is a squareenaith a
node function.

O/ =u, (x) )

Wherei =1+2, j=1+5 x is the input to node i and\ is
the linguistic label (small , large, etc.); asstamiawith this
node function. In other word®, is the membership function
of A, and it specifies the degree to which the giveatisfies

the quantifier A .

103

Figure 4. ANFIS architecture

In this study we choose (3) to be bell-shaped mi#iximum
equal to 1 and minimum equal to 0, such as (4)(&hd

Hy, (x) = Hy, (Aa)) =

1+Aa)—c,.j 4
4y
g, () = 11, (AR) =——,
B; = Hy, )=
1+AP€_C"j ®)
9

Where{a;, by, Gj} is the parameter set. As the values of
these parameters change, the Bell-shaped functiang
accordingly, thus exhibiting various forms of memstép
functions on linguistic label AB;. Parameters in this layer are
referred to as premise parameters.

- Layer 2: Every node in this layer is a circle adabeled Il
which multiplies the incoming signals and sendspheduct
out, as in (6).

W = Hy, (x)‘ﬂAj (Y) =Hy, (Aa))‘luB] (APe) (6)

W= Hy (Aw)‘ﬂs, (APE)

Wy = Hy, (Aa)).,uB AR,)

2

Wi = Hy, (Aw)-ﬂg APe)

(
(
w, =y, (A®).p1y, (AP,
ws = 1, (A®@).u5 (AP,)

Each node output represents the firing strengthrofe, (In
fact, other T-norm operators that perform geneedliAND
can be used as the node function in this layer).

- Layer 3: Every node in this layer is a circle adabeled N.
The i-th node calculates the ratio of the i-th 'uléiring
strength to the sum of all rules’ firing strengths,in (7):

W, = ) %

oW w, Fwy +wy, +w
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For convenience, outputs of this layer will be edll Table 1. Synchronous Machine Parameters
normalized firing strengths

Symbol  Parameters Value

- Layer 4 Every node i in this layer is a squawde with a R, Stator winding resistance at’ts 0.0077 pu
node function: R, Rotor winding resistance at 4% 0.126 pu
. . Xd Direct axis synchronous reactance 1.0494 pu
O; =w,f; =w, (p_/.x t4q;y+ V_/) (8) Xq Quadrature axis synchronous reactance 0.648 pu
X'd Direct axis transient reactance 0.2887 pu
Where \I_Vj is the output of Iayer 3, and {pj, qj, rJ} is the x'd Direct axis over transient reactance 0.191 pu
parameter set. Parameters in this layer will berrefl to as  *€ S S GRS 0.1244 pu
consequent parameters. Xq Quadrature ax!s synchronqus reactance 0.648 pu
x"q Quadrature axis over transient reactance 0.197 pu
014 _ wlﬁ =, (p.X+q.y+ ”1) Tdo i?:éﬁitéogp\év;ngilgiittlme constant when stat 6.88 s
0; =w, f, =w, (sz +q,y+ ”2) Cosp Rated power factor 0.85
. — _ H The coefficient of inertia 15
O =Wy fy =Wy (psx+ g,y +1) ) S Rated capacity 1.0 pu
0: =w,f, =W, (p4x +q,y+ r4) P Rated power 0.85 pu
. _ . Q Rated power 0.85 pu
O5 =Wy f5 = Ws (psX +qs5y +75) Ut Rated voltage 1.0 pu
It Rated current 1.0 pu
- Layer 5 The single node in this layer is a cirolede W Rated angular speed of rotor 1.0
labeled E that computes the overall output asuh@sation of f Rated frequency 50 Hz

all incoming signals, i.e, as in (10): (ou = Per unit, Hz = Hertz, s = second.)

5
O =f=Upps =2 W, f, (10) - With PSS-2A and excitation system is shown irurégp.
J=1
Where x, yis the input: x=Aw and y=APe; Output = |.Ad

signal is in layer 5 is the output, shown in Figure 4.
Hybrid Learning Algorithm
From the proposed ANFIS architecture in Figuretdsi
observed that given the values of premise paramjethe
overall output can be expressed as a linear cortibirseof the
consequent parameters. More precisely, the outpi§ure 4
can be rewritten as in (11).

Figure 5. PSS-2A and excitation system

W,

f= W, +W, +W, +W, +W, A The IEEE Type-ST1A dynamic equation [9] with PSS-2
is shown as in (12):
+ Wa
2
W, +W,+W,+W,+W - _ 1
I W ’ Ew= T_[ KA(Vref +Voss™ VD - Efd:| (12)
+ > S5 (11) A
Wi+ W, +W; +W, +W; . o . N
- With ANFFIS and excitation system is shown inuFig 6.
+ Wa fi The IEEE Type-ST1A dynamic equation with ANFIS is
W+ W, +W;+W, +W; shown as in (13):
+ Ws y2
W, W, + W+ W, + W, ~
't’-":”_=_'
4. Simulation Results = o

In this section the ANFIS system is simulated using 1+ 5T,
Matlab-Simulink [12].

In power system analysis, the parameters are ysuall
convenient to user a per unit system to normalizgem
variables. The simulation parameters are selectédllawing Figure 6. ANFIS and excitation system

Table 1 in literature [14].
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. 1
Ew= T_[ KA(Vref +Vaneis ™ Vl) - Efd:| (13)

A

The simulation results:

At the time t=0s, the generator is connected withgower
system. We compare the performances of three differ
approaches: 1) the power systems using traditidivdR. 2)

1.003

1.002

1.001

W (pu)

The power systems using PSS algorithm. 3) The power 099

systems using ANFIS algorithm. Figure 7 and Figdishow
simulation results of the characteristics of ratpeed. Figure
8 gives rotor speed using ANFIS algorithm has fiattd in
2.2 seconds (from Os to 2.2s) and stable withpu.

Rotor speed Wr(pu)

E .......... Wlth AVR
L m———— With PSS2A
{| ——— With ANFIS

w (pu)

Time(s)

Figure 7. The characteristic of angular speed of rotor, thenerator is
connected into the power system at time t=0s

Rator speed Wr(pu)

.......... With AVRE -4
_____ With PSS24A
——— With ANFIS

Figure 8. The characteristic of angular speed of rotor zoarfrigure 7

Figure 8 also gives power systems using ANFIS élyor
works better than AVR and PSS algorithm.

At time t = 8s, we add connected load 300MV to powe
system. Figure 9 show that simulation results oé& th
characteristics of rotor speed under three differaathods.
Figure 9 show that the rotor speed has fluctuate@.23
seconds (from 8s to 10.23s) and stable witiipu. Figure 9
also show that the performance of the power sysisimng
ANFIS algorithm is superior to another two methods.

0.998

0.997

0.996

Rotor speed Wr(pu)

v : - ) - .......... With AVR
________ g ATE - winpss2a
: : — With ANFIS
7 8 9 10 11 12 13 14 15

Figure 9. The characteristic of angular speed of rotor, tbad power of

300MW is connected into the power system after 8isne

Figure 10, Figure 11 and Figure 12 give the sinmtat
results of the characteristic of available powedamthree
different methods.

Figure 11 shows power of the power system using ISNF
algorithm has fluctuated in 2.3 seconds (from &3s) and

stable with Pe=0.85pu at time t = Os the generatwonnected
to power system.

AVAILABLE POWER Pe (pu)

25

__.i _________ E.........i _________ E ............... With AVR. H

----- With PSS2A
— With ANFIS ||

With PSS2A

1 2 3 4 5 6 7
Time(s)

Figure 10. The characteristic of angular speed of power, gjeaerator is
connected into the power system at time t=0

AVAILABLE POWER Pe (pu)

{pu)

Pe

085 Hf--+F-5

e With AVR
o= With PSS2A
i | = with ANFIS

0.5

______________ Wwith pssza G|
With ANFIS
I H H H H H
1 15 2 25 3 35
Time(s)

Figure 11. The characteristic of angular speed of power, gle@erator is
connected into the power system zoom in Figure 10
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AVAILABLE POWER Pe (pu)

IR With AVR
V| =mm-- With PSS2A
| | = With ANFIS

) SRR, R e N S SO e N
H With AVR H H H

Pe (pu)

Wwith PS52A

0.85

With{ANFIS |

T 8 9 10 11 12 13 14 15
Time(s)

Figure 12. The characteristic of angular speed of power, lteel power of
300MW is connected into the power system after &sne

After 8 seconds, we connect a load of 300MW inte th

power system. Figure 12 illustrates power of thegrosystem
using ANFIS algorithm has fluctuated in 2.23 sem(fdom
8s to 10.23s) and stable with Pe=0.85pu.

Through the results in Figure 10, Figure 11, Figle we
see that the power system stability using ANFI®@&tllym can
achieve better results than AVR and PSS methods.

5. Conclusion

In this paper, an ANFIS algorithm has been presefae
stability control of the power system. The maintdbutions
of the paper are that we use ANFIS algorithm ferpghoblem
of small signal stability in power system which anbing
damping of system oscillations via generator exoitecontrol.
This study provides an alternative algorithm fowpo system
stabilizer PSS to reduce the response time ofdtwe speed,
the response time of output power of the generatu
reinforcing the power stability in the power syst&imulation
results show that the ANFIS algorithm can achiewedte
results than PSS and AVR methods.
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