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ABSTRACT The demand for electric power has recently increased as a result of an increase in
residential and industrial facilities that may contain sensitive nonlinear loads that require high
power quality (PQ) on the distribution system to avoid malfunction. The improvement of voltage
profiles with appropriate voltage harmonic distortion is a major PQ problem. It should be
monitored to keep it within reasonable limits. The distribution static synchronous compegs
(DSTATCOM) is used with an established control strategy to boost the voltagedprofile.
DSTATCOM control is developed in this study using artificial intelligence (Al) and tcS@ificial
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1. INTRODUCTION

ed on PQ difficulties, utilizing the benefits of major

hnology, resulting in a network transition from traditional to

should be keptWthin acceptable ranges [2].

PQ issues in the network are produced by a variety of factors, including the connection of nonlinear
loads, such as big motors in industrial applications, power electronics devices, switching capacitor
banks, and the addition of new electrical resources to the grid. Indeed, these disturbances have an impact
on the distribution system's performance and operation, as well as sensitive equipment. The smart grid
(SG) technology opens up a lot of possibilities for resolving PQ issues. Flexible alternating current
transmission systems (FACTS), a family of power electronics technologies, complement SG systems

and offers answers to PQ issues. The distribution static synchronous compensator (DSTATCOM),
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which is a shunt device attached to the distribution bus, is one application of the FACTs family. VVoltage
var control is one of the most important parts of a power system, hence voltage var optimization (VVO)
is the key SG application that improves power system security and efficiency. Artificial intelligence
(Al) development is now playing a major role in the optimization of power system concerns, particularly
in SG [3].

Several PQ studies have focused on enhancing and increasing the electrical grid's dependability and
stability. These studies focus on challenges such as voltage profile improvement in power systems,

imbalance circumstances in systems caused by unbalanced loading and load change, symmetrical and

components like active filters. In addition, the contr

analogue-to-digital conversion [4-5].

On the other hand, new proposed contro

as an adaline-based algorithm and a direct

required to
as the power Lreated or absorbed by RES. Using SG technology improves the power system's
dependability and stability, even when the number of RES connected to the distribution bus is high.
Many studies have been completed on optimization approaches for various PQ concerns in power
systems. A comparison of meta-heuristic approaches such as GA, PSO, differential evolution (DE),
harmony search (HS), and seeker optimization algorithm (SOA) is included in these papers [8-13]. As
a result of the literature research, there are significant obstacles in utilizing Al techniques to tune
DSTATCOM's PI controller. This paper proposes the use of ANNSs as a strategy for tweaking the

DSTATCOM controller, whose controller constants are best determined using PSO [14-17].
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This work offers an Al methodology, specifically PSO and ANN, that is employed in the
DSTATCOM design controller to improve the voltage profile on distribution electrical power systems.
DSTATCOM settings and design are introduced in part Il. The proposed system's mathematical model
is described in Section Ill. The created Al methodologies and proposed optimization strategy for
developing the developed controller for DSTATCOM are discussed in detail in section 1V. The
methodology is presented in Section V, which includes a description of a real-world distribution system
as a case study. Section VI shows the simulation findings for the proposed scenarios in this study, as
well as a full discussion of all outcomes for voltage events such as sag and swell. Finally, section VII
summarizes the suggested approach's performance, efficiency, and superiority.

2. DSTATCOM CONFIGURATION AND DESIGN

The circuit diagram of the equivalent model of DSTATCONM#AS shwin

o~
Voltage Source Inverter Transformer Utility
System
1 i ig R; L Vg
*— - e AAN—TT———— ¢
M
; M
L Ideal v B B | L Vb
Val Caa= V- —— A | —
R, ‘\ILs M

Where:
Rsand Ls: are D,

The voltag@@egurce converter (VSC) is the main electrical component of DSTATCOM, transforms

dc to ac voltage. In this investigation, the following forms of VSC were used:

1. A gate turn-off thyristor is utilized to create a square wave 48-step voltage waveform of four
three-level inverters; however, specific interconnection transformers are utilized to eliminate
harmonics from the output voltage waveform.

2. This inverter uses isolated gate bipolar transistors and employs PWM to convert DC input

voltage to AC output voltage sinusoidal waveform (IGBT).

DSTATCOM's operation is divided into three modes:
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1. Mode 1: when the output voltage Vout amplitude is larger than the utility bus voltage Vac,
current flows from the converter to the AC side of the power system via reactance, and the
DSTATCOM injects reactive power into the AC side of the power system.

2. Mode 2: when the voltage at the utility bus is less than the amplitude of Vout, current flows from
the AC side of the power system to the converter, and DSTATCOM absorbs reactive power
from the AC power system.

3. Mode 3: there is no reactive power exchange between DSTATCOM and the power system when
the output voltage Vo amplitude equals the voltage amplitude at the AC side of the power
system; in this situation, DSTATCOM is in a floating condition.

The PI controller is used to control the function of DSTATCOM to ifjeS@the requird

CO

current to the load. Figure 2 shows the simplified scheme of control strgfegy of DS
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zero, the P1'8@mtroller processes the error signal and generates the needed drive angle [15].

+ driving angle
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measured voltage (Vmeasured)

Figure 3. Direct PI control of DSTATCOM
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3. MATHEMATICAL MODEL OF PROPOSED DSTATCOM

Because DSTATCOM has a nonlinear operation structure, the control strategy of DSTATCOM is
studied using simplified mathematical formulas. The configuration parameters of DSTATCOM

connected to the power grid are illustrated in Figure 4 [8].
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Figure 4. DSTATCOM Configurati@®n connected on poW@ksystem.

The inverter voltage magnitude V¢ and the angle
output voltage govern the actual and reggti f DSTATCOM. Equations (1) and (2),

1)
)

X: reactance of the branch and the transformer.

DSTATCOM's controller is based on the system's dynamic equations and is constructed with the

assumption that the system is linear [8].
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4. DSTATCOM DESIGN

The equations of the mathematical model of the specified system [11] to be used to calculate
DSTATCOM components, which include:

4.1 DESIGN DC BUS VOLTAGE

Current compensation can be determined using the following equation if the voltage DC link is

sufficient.

Vacmin > \/EVL—L(rms) = \/E \/§VL—N (rms) 3)

4.2 DESIGN DC BUS CAPACITOR

The Cq can be calculated using the energy conservation principle: Q
1
2 CaclVae® = Vae "] =3ka )
e

Where:
V4c: is the reference DC bus Voltage
Vie1: is the minimum level of the DC bus vol
a: is the over loading factor

V: is the phase voltage

I: is the phase current

\/gmvdc

C12afsicr—pp

®)

To eliminate the high frequency noise from the voltage waveform at PCC in the power system the
high pass filter is needed to do that, it could be calculated by the following formula:

Ts

== ©)

R,C,
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5. ARTIFICIAL INTELLIGENCE AND OPTIMIZATION TECHNIQUES

5.1 PARTICLE SWARM OPTIMIZATION
PSO is a social and cooperative behavior-inspired heuristic search optimization approach. The
approach is linked to the primary components. The first is influenced by personal behavior (Ppest), while

the second is influenced by social experience (Gpest). These two pieces [14] determine how the particle's

position in search space is updated. The technigue's fundamental equations are as follows:

k k k K K K
VIHt = w X VS + o Xy X (Plageij — XI5)(A5) + ¢z X 1 X (Ghospij — X (7)

k+1 _ vk k+1
Xij~ = Xij+Vij

mechanism is multidimensional search space. The c

the following flowchart.
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Figure 5. Flowchart of PSO algorithm

5.2 ARTIFICIAL NEURAL NETWORKS (ANNS)

forward-thinking DSTATCOM's controller is tuned in real time based on the voltage level of the
distribution bus using ANN. The basic design of an ANN feed forward is shown in Figure 6, which

consists of three layers: input, hidden, and output. Each layer's node (neurons) is linked to the following
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layer's node. The number of input nodes in the input layer corresponds to the number of system inputs,
and the number of output nodes in the output layer corresponds to the number of system outputs. The
number of hidden nodes in the middle layer is usually equal to the sum of the system's input and output
nodes. Because both overfitting and underfitting have an impact on training results [15-16], the number
of hidden nodes is critical.

Xy —>>
2 —> H<—o— v
By 5 00— »
X4 _’>
Input Hidden Output '
layer layer layer

Figure 6. Basic neural netwi e

The training procedure of the feed forward AN used in thys studly is according to the mean

square error of output criterion, which cygbe defi

(9)

(10)

ested on a live network using data provided by the Jerusalem District Electricity
Company (JDECO). The network is for the West Bank's Abu Mashaal zone. Due to industrial nonlinear
loads, the voltage on this network falls below the standard level (11kV) on the distribution bus. Figure

7 shows a single line diagram of the provided radial network.
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Figure 7. Single line diagram for radial n

Description of the system configuration is summarize

Table 1. Description of proposegdiXribut
Parameter

3 phase ac source
Line impedance
Distribution transformers

Vm=11kV, f=50Hz

5:3851mH, s=0 IQ
V/11kV, 13kV/0.4kV

s 1443 3A
Ve 15556.3V
Cac 16.665mF
L 31.42uH
C, 1.8mF
R, 0.0027Q

7. TUNI STATCOM CONTROLLER USING ANNS AND PSO

7.1 EMPLOY PSO FOR OPTIMUM VALUE OF CONTROLLER
The PSO method is used to determine the best DSTACOM controller gains (Vac regulator, Vdc

regulator, and current regulator and PLL regulator). The goal is to reduce the root mean square error

(RMSE) between the actual measured voltage and the reference voltage as much as possible (1pu). The
following equations represent the objective function:
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RMSE = (- ) (V, — Vre))2 (1)
i=1

J = min[RMSE] (12)
Where:

J: fitness function

RMSE: Root mean square error
V;: actual voltage

Vyf: reference voltage(lpu)

n: number of samples

7.2 EMPLOY ANNS FOR CONTROL DSTATCOM

The usage of ANN as an Al tool for controlling DSTATCQ,

become a wide subject of interest among researcher

analyzed for a wide range of sag and swell occurrencgg (0.7-1.3), wjth rodghly 70% of these data being

3. Define networks in ANN algorithm

\ ANNs Controller gain
Networkl Vac(Kp)
Network2 Vac(ki)
Network3 Vc(Kp)
Network4 Ve(Ki)
Network5 i(kp)
Network6 i(ki)
Network?7 PLL(kp)
Network8 PPL (ki)

7.3 DESIGNING AND PROGRAMMING ANNS

Generally, programming ANNs follow a number of systemic procedures:

o Collecting of data from the PSO: the values of k, and k; for each case of sag and swell events
using PSO.

o Data reprocessing in this step the data is hormalized.
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o Building the network.
e Training the network.
e Testing the network by used the targets output in simulation model.

Figure 8 describes the Basic flowchart for designing ANN Model.

Data processing obtained from PSO

Programming ANNs using the data base from PSO as input
for ANNs

v

Trained eight Networks (DSTATCOM controller gains )

¢

Testing training networks for sag and swell events

Fig . Basichchart for desighing ANNs model

logarith oaWpor practice the controller and select the gains constants according to
activations el@énts. The controller constants are used as inputs to train the eight controller

constants networks.
8. RESULTS DISCUSSION

The ANN logarithm is used to test the controller and choose its gains constants based on the
activation’s elements. Nearly 70% of the data obtained through PSO is used in the algorithm. The
findings and controller gains for extreme swell and extreme sag using DSTATCOM's created controller

are shown in Table 5.
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Table 5. Voltage profile improvement using developed DSTATCOM controller

Event Voltage profile THD%
improvement
Extreme swell (1.3pu) 1.02pu 3.26
Extreme sag (0.7pu) 1.07pu 9.23

The effect of DSTATCOM on enhancing the voltage profile of the system at the PCC during a

voltage swell event with an acceptable range is shown in Figure 9.

N
L s [ S
1
1
1.25 J
1
1
12n 1
= 1
2 1
T 1150 1
g 1 o
= 1
> 11
1
1
1.05 Il 7
: with DSTATCOM
15 — — —without DSTACOM | ]
] 18 2
.
Figure 9. Effect g Itage profile during extreme swell event.
DSTATCOM's effe C pitage profile of the system at the PCC during a
voltage sag event wigh a
N
R ; ; ; . ; ; . ; ; -
1.058T
1L ]
0.95 f 1
g 0.9 1 i
D
& 085 1
E with DSTATCOM
0.8 1) = = =without DSTATCOM ]
0.75 ]
D7 M e ee - - - - - me - - - = - me - - - = - me = = == = = =
0.65 [ b
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

Time(sec)

Figure 10. Voltage profile improvement for extreme sag event.
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The technique that has been proposed is the use of ANN with PSO to regulate DSTATCOM
for voltage profile improvement on distribution systems with the purpose of real-time control
rather than traditional off-line control is an effective methodology. The controller was also
tested for optimizing the voltage profile for continuous extreme sag and extreme swell, and the

findings showed that the created controller was both resilient and efficient, as shown in Figs.

11 and 12 for rms and phase voltage, respectively.
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Figure 11. Effect of g controller using Al on rms voltage profile
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Figure 12. Effect of developed DSTATCOM controller using Al on instantaneous voltage profile
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9. CONCLUSION

The results demonstrated the value of Al in DSTATCOM controller design, as the voltage profile is
improved in real time during voltage events such as sag and swell. The PSO is used to find the best
DSTATCOM controller gains, and then the ANN is utilized as an Al methodology to control
DSTATCOM in real time. The effectiveness of employing ANN as an Al methodology to tune the PI
controller of DSTATCOM in order to optimize the voltage profile on the distribution system was
demonstrated in this study. The importance of Al approaches such as ANN was confirmed by the
DSTATCOM with built controller. Using this designed controller, the power system's stability and

dependability may be improved, and the network can become smart.

on the distribution system is effective.
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