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Abstract: To enhance the stability of the power system and the system damping 1s improved, supplementary
damping controller is required connected with a power system in the form of PSS and POD. In order to achieve

better performance and optimal response of the controller, proposed a technique a new optimization is known
Dolphin Echolocation Optimization (DEO) algorithm. Echo 18 sonar similar used by the dolphin for navigation
and hunting. This ability in dolphin made her development of a new optimization method. Therefore, the
process for tumng optimal individual and coordinated design of (PSS and UPFC-POD) using (DEO) algorithm
gave the best damping resulting compare with (PSO) algorithm.
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INTRODUCTION

The main objective of the electric power system is
generate and transfer the active and reactive power
required from the different types of loads linked to the
power system. The ability of synchronous generators in
the power system to stay synchronism after small
disorders defined as small signal stability that is a branch
from a phase angle related to mstability problem. Its
depend on the ability to maintain a balance between the
mechamical and power of
synchronous machine connected to the power system.
Any change in electromagnetic torque after a disorder can

electromagnetic each

decay into 2 component a synchromizing torque
component and a damping torque component. The
decrease dampmg torque

oscillations (Prasertwong et al., 2010).

cause low-frequency

LFO result m loss of synchromsm if damping
inadequate from control devices. AVR is helping in
regulating voltage and improve system stability but the
high performance of AVR a negative effect on the power
system as voltage drop, power oscillation and other
problems. Therefore, Power System Stabilizer (PSS)
installed with AVR, to reduce the effect of AVR and
damping low-frequency oscillation. But with mcreasing
demand, loads and long transmission line, make a
PSS impractical in the inter-area mode (Usman et al.,
2012).

In 1980°s entered a new technology to solve
problems of power systems defined flexible AC
transmission systems FACTS where played an important
role in power system not only mn enhances the dynamic
performance but also enhances the control power flow
increase power transfer capability, damping oscillation
and system stability (Mustafa et al., 2013).

The Unified Power Flow Controller (UPFC) is one of
the most important of FACTS device. Where it combines
the characteristics of 2 other FACTS devices (STATCOM
and SSSC). UPFC is able to control all the parameters
affecting power flow such as impedance, voltage and
phase angle in power system grides (Shegaw and
Tyothsna, 2017).

To overall improve system performance must
coordination among PSS and UPFC-POD controllers.
Uncoordinated between (POD and PSS) caused
destabilizing interactions and therefore, unstable be
power system. Many research were made in coordinated
design between POD and PSS controllers to the tuning of
controllers parameters for helpful damping such as
adaptive Bacterial-Foraging oriented by Particle Swarm
Optimization (BF-PSO) algorithm (Esmaili et al., 2013),
differential evolutionary algorithm (Heydari et al., 2014).
Genetic Algorithm (GA), Particle Swarm Optimization
(P30O) and Gravitational Search Algorithm (GSA) are
employed to optimize the coordmated structure
parameters (Khadanga and Satapathy, 2015) and
Symbiotic Organisms Search (SOS3) (Alomoush, 2017).
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This study presents a robust technique to enable
enhance the power system dynamic performance know
Dolphin Echolocation Optimization (DEO). The DEO
algorithm is employed for tuning the parameters of the
multiple damping stabilizers m coordination design
based on eigenvalue objective function. Simulation
results for a (SMIB) equipped with UPFC show the
of the and  dual

coordination damping

robust mdividual stabilizers

between the  proposed
stabilizers comparison with the performance of PSO

algorithm.
MATERIALS AND METHODS

Model of system: In this study use the SMIB power
system with UPFC as shown in Fig. 1. The system
contains generator 1s commected with mfimite bus via. the
transmission line and UPFC.

The UPFC 15 2 Voltage
Converter (VSCs) as shown m Fig. 1. Voltage Sowrce
Converters (VSC-1 and VSC-2) are coupled via. the DC
voltage link. V3C-1 is comnected parallel with the
transmission line by Excitation Transformer (ET). VSC-2
15 comnected series in transmission line via. a Boosting
Transformer (BT) (Safari et al., 2015). Structure of UPFC
with POD controller shown in Fig. 2 where M can be mE,
mB, ém and 8B.

In order to maintain the power flow between the
VS8C-1 and VSC-2 converters, a DC voltage regulator
must insert in the TUPFC device. The DC voltage is
controlled by modulating the phase angle (dE) of
the Excitation Transformer (ET) voltage by adding a
PI control as shown in Fig. 3 (Sedighizadeh et al,
2013).

contains Sources

Non-linear dynamic model of UPFC: In order to study
non-linear dynamic model of the system installed with
UPFC wing Park’s transformation as given in Eg. 1-3
(Hussain ef al., 2013a, b):

[mE V. cosd; |
V g _ 0 -XE ||1g n 2 )]
Vi XE 0 ig, mE V. sind;

2

[mB V. cosd, |

Vi _ 0 -XB in i 2 (2)
Vi XB 0 | i, mB V. sin &,
2

Fig. 1. SMIB power system with UPFC
M, G)_> Ks M
+ 1+s.Ts

POD Input
controller

v

Fig. 2: UPFC with damping controller
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_ +
Vocw ,G}_> koK | X +<> 1
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Ao POD
controller

Fig. 3: UFPC with DC voltage regulator and damping

controller
i
dvpe _ ﬂ[cosSE Sil’lSE]{Edj|+
dt 4C L. | 1g, (3)
1
3mB [COSBB sinSB]{Bd}
4CDC IBq

where, vg, 1, vg and 1 are the excitation voltage,
excitation current, boosting voltage and boosting current,
respectively in which d and ¢ subscripts stand for dg
reference frame; C,; and V. are the DC link capacitance
and voltage, respectively. From Fig. 1, we can find Eq.
4-6:

Vi = i X Vg )
Vi = Vi 1 XBiip +V, ()
=i+, (6)
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where, 1, v, and v, are the armature current, generator Where:

terminal voltage and infinite bus voltage, respectively; x P o=v i v iy =v,Hv,
and x, are the E; and B; reactance’s, respectively. The vy =XV, = E'qxdi,
current Eq. 7-9 of excitation and boosting transformers

i = 1 +i . 1 = 1 +i .
. d g =1lggtlpy
can be written as: 1 ’

1, =1, h

L By

_XBY ., mEsind; Vo Xg Where: _ _
lga = Xdy ¢ 2XdY P,and P, = The mput and output power, respectively
. Q) MeandD = The inertia fixed and damping coefficient,
){dE:[Vb COSSJ,»IHEESIHSB\[DC} Tes tl 1
pectively
Xd¥ 2 wb = The synchronous speed
wandd = The rotor angle and speed, respectively
_ mE cosd, V. XBq Eq, Efd = The generator internal, field and
'ea T 2Xq ¥ i and v terminal voltages, respectively
® 7 = Th irouit field ti
XqE . mB eoss. V o = e opeq circuit hie t]me. constapt
X—(Vb sin 8+A] xd, xd = The d-axis reactance, d-axis transient
ax and xq reactance and g-axis reactance,
respectively
. Xdt mB sind, V.. k,and T, = The exciter gain and time constant,
R ¥ {Vb cos & i ©) respectively
XdE mE sin8, V,. N <E . Ve = The reference voltage
q
Xdx 2 Xdx Linearized model of a power system equipped with UPFC:
The linearized model of the power system shown in Fig. 1
i =- mE cos8E Vi, XqE 4 explained in Eq. 15-18 (Hussain et al., 2013a, b):
' 2Xq (10)
S _ 15
Xt Vb sin S+ mB cos &, V. A8 = mbAm (15)
XqZ
: K
Where: ad=-F125 D an B apq S v,
XBY = XB+XB, M M M M (16)
XBd = XBE+X dHXLE - e s K, B A
XdE = (¢d+XEEHXE) (XBEMXE (' dxtE) o JmE-—m ASE —FAmB-— = AcB

XqE = (XqHXtE+XE) (XBEHXE (Xq+XtE)
XBq = XBE+XqHXE

- K K 1
AE'q =-— AS-*BAE'quEfd-

XdE = X'+XE T T T'a,
XqE = XgrXtE K K K K
qd qe Be gb
- AV -—EAm -— A8 -—LAm - (17)
Xdt = X dtXtE+XE O e e U
Xqt = Xg+tXtE+XE
Kqu
A
. T B
Nonlinear model of the power system: Equation 11-14 do
represents the non-linear model of the SMIB system K K KK )
of Fig. 1: AEg =- =22 A8 ZAZSAR! - AR, -
- (1 1 ) TA TA TA
0 =, (e])
KAde AVDC_ KAKVE AIHE- KAKVSe ASE_ (18)
TA A TA
. 1
b= (P, -P.D(e-1)) (12) K }}Kvb Am, - K, K ASH&UPSS
A A A
g Tlld0 (ER-Eqdixdd) (13) These equations can be arranged in state-space form as:
AX = A AX+B AU (19)

Efd = L(ka(vmE “Vi+u

: (14)
— ) Efd)

pes where, the state vector AX and control vector AU are:
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Fig. 4: Structure of the supplementary damping stabilizers

AX =[A3 Aw AE', AE, AV, |
AU =[AU,; AU, AU, AU, |

The structure of the matrices A and B 1s:

0w 0 0 0
K D K K
M M M M
A=| - K4 0 _ Ka L _ qu
T'du T'du T'du T 'du
KAK, | KAK, 1 KAK,
TA TA TA TA
K. 0 K, 0 K, |
o 0 0 0 ]
_ Kps _ Kpﬁs _ Kpb _ Kpf)h
M M M M
B= _ qu _ Kpﬁs _ th _ qu)h
T 'du T Fdo T 'clo T 'clo
KAK, KAK, KAK, KAK,
TA TA TA TA
L KCE chs ch chh |

Damping controller of UPFC: In order to produce an
electrical torque, the damping controller is designed
according to a phase compensation method. The 4 control
channels in the UPFC (mE, 8E, mB and 8B) are being
employed in order to produce the damping torque. In this
study, (8F) is used to damping controller design under
various load condition. Figure 4 showimng a structure of
the supplementary damping stabilizers, the speed
deviation (Aw) 13 chosen as the input signal to the
damping controller. The POD is similar to the PSS in terms
of structure and work. Where contains 3 blocks as follows
(Ajami and Gholizadeh, 2012).

The gam block determines the amount of damping
produced by P3S. The washout block acts as a high-pass
filter to prevents the change of steady-state signal and
also eliminate the DC offset from the POD or PSS output.
The washout time Tw should have a value in the
range of 1-20 sec in this study fixed on 10 sec. The
phase compensator use to compensates the phase lag
caused by the AVR and the field ciurcuit of the
generator (Surjan and Garg, 2012).

Design of optimal controllers PSS and UPFC-POD:
of the
method 13 mmproving the dynamic stability of the
power system grids. obtained by a

The major objective coordinated  design
It can be
suitable adjustment of the parameters of multiple
power system damping controllers between PSS and
O8E chamel of the shunt structure of UPFC-POD
device. The POD controller 1s a lead-lag type. It can

be described as Eq. 20:
U(s) = G(s)Y(s) (20)

where, G(s), Y(s) and U(s) are the transfer fimetion mnput
signal and output signal of POD controller, respectively.
Equation 20 can be expressed in state-space form as
Eq. 21:

AXe = AcAXc+BeAU (21)

where, AX. is the controller state vector. Combining
Eq. 19 and 21 for obtaining a closed loop system:

AX, = A, AX,
AX (22)
AX, =
AX.

The damping ratio (7) of the system is calculated
using the software MATLAB given in command:

[Wn, Zeta, Pole] = damp(A )

The objective function can be defined as:

T =min(Zeta)

where, AX, Wn, Zeta and Pole are the state
vector, natural frequency, damping ratio and poles
of the system. The target of the
optimization process 15 to meximize J in order to

closed-loop

achieving suitable damping for all modes by moving
the dominant poles to the desired location which
enhance the

maximum J 1s searched within the limited range of

system damping characteristics and

control parameters:

Kfmin < Kf < Kfmax
min MEE
T,™ <T, <T,

min
T, " =T, =T,
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Echo

Fig. 5: Real dolphins catching its prey

Definition initiate of the problem, pp equation and select the
NL, NV and N randoml;

v
Calculate the fitness

I

Accumulative fitness AF calculate by using DEO rule for
neighborhood and alternatives

Find the best location

!

Calculate of probability based on AF set the following:
Best location probability = PP in the current loo

Choosing next loop location based on probability

Check the criteria
for terminating

Fig. 6: Flowchart of the DEO algorithm

where, f=PS8, 8., r=1, 3andn =2, 4. Typical ranges of
K;1s (0.01-100), Ty, 15 (0.001-1) and T, 15 (0.001-0.1). Tw =
10 sec.

Dolphin Echolocation Optimization (DEQO) algorithm:
Kaveh and Farhoudi (2013) have proposed a new
optimization method named Dolphin Echolocation
Optimization (DEQ). Dolphin sends sound like the sonar
for setting the target and its location. This fact mimicked,
here as the major feature of the new optimization method.
Dolphins beginning looking all around the search space

to find the prey. At a dolphin approaches the target,
restricts seek and increases its clicks in order to focus on
the location target as shown in Fig. 5. In this period, a
dolphin will determine distance suitable to reach the
target. Can be that we abstract this behavior m the 2
stages: in the first stage the algorithm explore all around
the seek space for the performance of a global search,
therefore, 1t should seek for unexplored regions. This task
is carried out by exploring some random locations in the
search space and in the second stage it focusing on
survey around better results achieved from the previous
stage (Kaveh et al, 2015). The steps for tuning and
flowchart of the DEO algorithm are shown as follows

(Fig. 6):

Algorithm 1; DEOQO algorithm:

The steps for the tuning algorithm are as follows
(Kaveh and Farhoudi, 2016)

Step one “Initialization™

This step contains of the initialization for the

following:
. NL random number of location and WV number
of variable

. Alternative matrix with dimension [MA=NV]
where MA is maximum alternative number in the
gearch space

. Maximum number of loops N

Step two “CF predefining and finding”

. Set PP, = 0.1which represent the convergence
factor of the randomly selected location in the
first loop

. Find the predefined probability PP by use CF
according to the equation following:

PP(Loopl):PPl-%—(l-PPl)( Loop;-1 ] (23)

Loops number-1

Step three “Fitness calculation™

In this study suggested controller design is:
Objective function: J =min (zeta)
Fitness function: Max (I)

Step four “Accumulated Fitness AF computation”

Calculate the AF for each jth variable in L. (T, j) location
via. using the equation given below:
k=-RetoRe

AF,.; = (L/Re) (Re-K)Fitness +AF, . 24

where, AF . is the accumulative fitness of the (A+k) is the
alternative to be chosen for the jth

variable, Re is the effective radius in which

accumulative fitness of the alternative A’s neighbors

are affected from its fitness (Re is a quarter search

spaces). Fitness (i) is the fitness of location i
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Step five “Best location finding”

. Find the alternative designation to the variable of
best location

. Let the AF for best location alternative = zero

Step six “probability determination and allocation”

. Computation the probability as following Eq. 25:

. AR
PO = s 23
=] i

. Assign probability equals to PP for all variables
of the best location
P(i,j)=PP and
PG, j)=(1-PPyy) P (i, j)

Step seven “Next loop location selection™

Update of the location value with respect to the
allocated probability of its alternative

Step eight “Repetition™

Repeat the steps two to seven even the maximum number of iterations is
satistied

RESULTS AND DISCUSSION

The dynamic behavior of the system is recognized
through the eigenvalues analysis of the system
without control under the different loading condition. By
solving the system characteristic equation (eig(A))
using MATLAB, the eigenvalues of the open system
are computed as shown in Table 1. Tt is clear from
eigenvalues of an open system it i1s unstable and
needs the supplementary stabilizer for stability.

Figure 7-9 shown speed deviation responses of the
system without control. Can understand this system is
unstable because of positive eigenvalues. Therefore, the
oscillations continue mcreasing under all different loading
condition.

Figure 10-12 shown the speed deviation responses of
the system with individual controller PSS under nominal,
light and heavy loads condition, respectevily. It can be
seen that the system oscillations are acceptable damped
by applying PSS.

Figure 13-15 shown the speed deviation responses of
a system equipped with individual controller UPFC-POD
under nominal, light and heavy loads condition,
respectevily. Tt can be seen that the performance of the
UPFC-POD is good in damping the system oscillations at
all load conditions.

Figure 16-18 show  the
responses of the system with dual-coordinated design

speed  deviation

Table 1: Eigenvalues () without controller

A NL LL HL
A -18.2682+0.0000; -18.1330-+0.0000; -18.3541-+0.0000;
Az -19.9925+0.0000; -19.991 8+0.0000; -19.9930-+0.0000;

0.3283+2.3569,
0.3283-2.3569,
-2.5062-+0.0000;
-0.0347+0.0660;
-0.0347-0.0660;
-20.0000-+0.0000;
-20.0000-+0.0000;
-20.0000-+0.0000;

s 0.2837+2.6217,
Aa 0.2837-2.6217;
s -2.4431+0.0000,
Ls -0.0790+0.0000,
o -0.0506+0.0000,
s -20.0000+0,0000;
Ao -20.0000+0,0000;
g -20.0000:0.0000;

0.0581+2.7269,
0.0581-2.7269;
-2.1689+0.0000,
-0.0444-+0.0074;
-0.0444-0.0074;
-20.0000-+0.0000;
-20.0000-+0.0000;
-20.0000+0.0000;
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Fig. 7: Speed deviation without control at (INL)
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Fig. 18: Speed deviation with PSS & UPFC-POD at (L.1.)

between PSS and UPFC-POD under nomial, light and
heavy loads condition, respectevily. It can be seen
from the figures that better dynamic response is
obtained by coordinated design at different load
conditions.

Fmally, the results confirmed that the system
performances resulting from using DEO algorithm are
most effective which have less number of oscillations,
less settling time, much faster and less overshoot
compared with results PSO algorthm for individual
controllers and coordinated design at different loading
conditions. The values final of the optimal parameter
adjusted by the DEO compared with PSO are shown in
Table 2-7 under all different load conditions.
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Table 2: The optimal parameter settings of the PSO & DEO controller with NI,

Controller types Zeta (0) K T T, T T,
PSS
PSO 0.2875553 6.8466 0.0025 0.0021 0.2737 0.0012
DEO 0.3057540 16.0422 0.5644 0.0004 0.9807 0.0108
3E-POD
PSO 0.7456309 38.0621 0.0394 0.0478 0.0348 0.0900
DEO 0.7534196 45.0788 0.2455 0.0874 0.6310 0.0292
PSS* and
SEPOD**
PSO 0.8561725 4.5758" 0.3654 0.0769" 0.5429" 0.0894"
51.4683" 0.8695" 0.0538" 0.7724™ 0.0256™
DEO 0.8796861 25.6561" 0.9576 0.0583" 0.0462" 0.0015"
90.0020" 0.5917"" 0.0128" 0.8723" 0.0106"
Table 3: The optimal parameter settings of the PRS0 & DEQ Controller with 11,
Controller types Zeta (0) K T T T T,
PSS
PSO 0.5843249 33.0334 0.0689 0.0990 0.0039 0.0983
DEO 0.5908369 39.3488 0.7382 0.0010 0.5690 0.0004
3E-POD
PSO 0.9828050 46.3247 0.0069 0.0202 0.7214 0.0254
DEO 0.9979910 63.2032 0.7419 0.0002 0.8229 0.0093
PSS*and
8E-POD™"
PSO 0.9913461 4,1452" 0.1441" 0.0243" 0.1776" 0.0767
56.7645" 0.3795" 0.0010" 0.0010™ 0.0303"
DEO 1.0000000 54.0724" 0.0863" 0.0412" 0.1736" 0.0448"
83.6855" 0.5143" 0.0061"" 0.2153" 0.0119"
Table 4: The optimal parameter settings of the PSO & DEO controller with HI,
Controller types Zeat (7) K T T, T T,
PSS
PSO 0.1014444 17.0048 0.9410 0.0042 1.0000 0.0038
DEO 0.1157705 38.7662 0.8967 0.0038 0.6397 0.0007
3E-POD
PSO 0.5950562 40.9445 0.6624 0.0834 01572 0.0836
DEO 0.6177837 59.3539 0.0583 0.0795 0.9367 0.0621
PSS* and
SEPOD**
PSO 0.7210594 10.5330# 0.6741% 0.0059+ 0.7271% 0.0837#
62.2239%+ 0.8538%#* 0.0333%* 0.3543+* 0.0131%*
DEO 0.7546947 23.4603% 0.3029% 0.0003% 0.7814* 0.0745%
Q. 79T T 0.6218%* 0.0028%* 0.3487 %% 0.0277##
#_ ** are significant values
Table 5: Loading conditions of svstem CONCLUSION
Loading conditions Ppu) Q (pu)
Nominal Load (NL) 0.8 0.114 . . . .
Light Load (LL) 0.2 0.01 This study is presented the optimal coordinated
Heavy Load (HL) 1.2 044 design of the PSS and UPFC-POD in a SMIB system
based on the dolphin echolocation optimization which is
Table 6: Parameters of power svstem L
Parameters Power svstem capable of attaimng the best controller parameters near
Generator M=8D=0Xd=1Xd=03Xq=06,T's the optimal global solution under different load
. =5.01 conditions. To investigate the effectiveness of the DEO
Excitation K,=10,T,=0.05s

Transtission line
Operating condition

XtE=0.1, XBV=0.6
Pe=08,Vi=1,V,=1

UPFC transformers XE=0.1,XB=0.1
DC link parameter Voe=2,Cpc=1
UPFC mg = 0.4013 , & = - 85.3478 8 = 0.0789, & = -

78217 Ks=1Ts=0.05s

Table 7: Parameters of PSO & DEO
PSO

N (No. of birds) (30)

Iteration (bird_setp) (50)

Cl,C2(2)

w (0.3)

DEO

NL (No. of Location) (30)
Iteration (loopno) (50)
Nalt. (90)

algorithm to adjust the parameters of the proposed control
schemes individual (PSS then UPFC-POD) and the
simultaneous coordinated design (PSS and UPFC -POD),
the results were compared with the results that obtained
using the PSO algorithm. Sunulation results have shown
that the optinal coordinated design of the PSS and
UPFC-POD obtained using the DEQ has improved the
stability and damping of the system and provides better
results compared to PSO algomthm. Also by using the
optimal coordinated DEO-based controllers of the
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UPFC -POD and PSS, the power system provides superior
performance in comparison with their individual
controllers mn term of reducing the settling time,
overshoot, low-frequency oscillatons and 1mprove
system stability.
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