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Abstract: Plug-in electric vehicle is considered to be one of solutions of environmental issues. Penetration of plug-in electric vehicle
brings new problem on the distribution network as the load on the network increases. The distribution network reliability, voltage stability
and power loss are the main factors in designing the optimum placement and management strategy of a charging station. The planning
of charging stations is a complicated problem involving roads and power grids. The Hybrid between Genetic Algorithm and Particle
Swarm Optimization (HGAPSO) used for solving the charger placement problem tested in this work. A good balance between
exploitation and exploration is achieved by the HGAPSO. Furthermore, the likelihood of becoming stuck in premature convergence and
local optima is minimized in HGAPSO. Simulation results establish the efficacy of the HGAPSO in solving charger placement problem
as compared to other metaheuristics such as Genetic Algorithm (GA) and Particle Swarm Optimization (PSO).
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1. INTRODUCTION

Environmental issues have become one of the factors for
electric vehicles or PEV (Plug-in Electric Vehicles) to be
introduced to the masses in order to substitute ICE (Internal
Combustion Engine) vehicles. An electric vehicle or PEV is a
vehicle that is driven by an electric motor with electrical energy
stored in a battery. The growth of electric vehicles also shows
a significant number, as research [1] stated that the predicted
growth of electric vehicles in the world will reach 10% of all
vehicles in 2020, while in Indonesia, presidential regulation no.
55 of 2019 which contains the acceleration program for electric
vehicles in Indonesia. The electric vehicle program also
mentions the development of infrastructure for charging public
electric vehicles (SPKLU) [2].

According to the standards of the International
Electrotechnical Commission (IEC) there are 3 basic levels of
charging methods for electric vehicles. Level 1 refers to asingle
phase AC voltage, in America it is 120V/16A but in Europe and
Southeast Asia it is 230V/16A. Level 2 refers to single or three
phase AC voltage at 208-240V with a current rating of 80A.
Level 3 refers to quick charge or fast charging. To get a short
charging time, level 3 provides high voltage (300-500VDC)
with high current (125-250A) [3].

Charging to full battery level is possible at home or in the
office parking area while the user is working but not possible
for recharging in the middle of the trip. 2 or 8 hours of charging
is too long to wait until the battery level is fully charged, when
the vehicle is charged to a charging station with charge levels
1 and 2. The level 3 charging method is more suitable for some
people who are planning to own an electric vehicle because the
time to fully charge usually will not more than 30 minutes.
Combining this technology with the placement of charging
stations according to the user's travel route will make electric
vehicles accepted by the wider community. However, the
charging station requires high power and is guaranteed to be
sufficient to supply the electricity consumption of electric
vehicles [4].
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The placement of a charging station with fast charging
creates a new problem in the case of plug-in electric vehicle
penetration. A study should be conducted to determine the
location of a charging station with fast charging that has
minimal impact on the installed distribution network.
Distribution losses must be low while the voltages of each bus
and line loading limits must be kept at acceptable levels.

Several studies have conducted research on the optimal
placement of charging stations on sub-stations [5]. A case study
of the optimal placement of a charging station that considers
traffic and driving distance has been carried out in research [6].
Another study also added renewable energy generation in the
network for optimization along with the placement of charging
stations [7]. Several heuristic methods have also been carried
out such as particle swarm optimization in [8]. A method that
combines two methods (hybrid) is also carried out in this study
[l

This study focuses on charging stations with level 3
charging methods on one feeder in the distribution system
network. The hybrid genetic algorithm-particle swarm
optimization (HGAPSQ) optimization technique was used to
find the optimal placement of the charging station.

2. PROBLEM FORMULATION
2.1  Objective Function

The main focus of this research is to determine the optimal
charging station location with the aim of minimizing power
losses and voltage deviation. An illustration of a power system
with a charging station load is shown in Figure 1
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Figure 1 Power System with Charging Station Load

Vy = Uy— (AUl + AUZ) = U, - [((P1+ Pcharg:}r)R1+Q1X1) +

((P2R2+QZX2)] (1)

Un

Calculations of power losses and voltage deviation shown on
equation 2 and 3

N

Pioss = ZizbllllzRi (2)
With,
Ploss = Active power losses
| = Current
Ri = Line resistance
Xi = Line reactance

— m Vrated_Vi
Vd B Maxi:z ( Vrated ) (3)

Viateaq 1S rated voltage on the system which valued at 1.0 pu.
V; is voltage on the bus- i, and m is total bus on the system.
The objective function of this research is

Min(f) = év=b1(Ploss + Vp) 4)

2.2  Constraints

In the whole optimization process, some limitations or
constraints on the system also need to be considered. Some of
these constraints are:

e Maximum load

Plemand = Z?_Z(P 1oad + P charger)i (6)

Keterangan :

n : numbers of bus in the system

Pioad : existing load

Pcharger : charging station load

i - bus-i

P d : maximum load on distribution
transformer

e Bus Voltage

Vmin < Vi < Vmax )

Description:

Vinin @nd V4, : range between minimum and maximum
voltage which allowed in the system
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V; : voltage on bus- i

The range of voltage value in this research is set £10% from
rated voltage, which rated at 0.9 - 1.1 pu.

3.  ALGORITHMS AND
IMPLEMENTATION

3.1 Genetic Algorithm (GA)
The steps for completing the optimization of PEV charging
coordination are described as follows.

1. Allinput data is entered into the program. These data
are network data, bus data, line data, existing load
data, and PEV data.

2. Initialization of GA optimization parameters,
maximum iterations.

3. Generate random positions of charging stations on
the network and perform load flow analysis by
Newton-Raphson method
Choose parents with roulette wheel
Do crossover and mutation to get the latest solution
Perform power flow analysis again with Newton-
Raphson and display the power loss results on the
network
If the optimization results violate the constraints, repeat the 4th
to 6th optimization steps until an optimal solution is found

START

input line data, load data, system
constraint, load profile

¥

initialize optimization parameter, max iteration

v

initialize bus candidate
i=1

v

initialize random chromosom N

¥

initialize iteration
GA K =1

¥

count individual
fitness

o0k~

¥

choose parents
(roulette wheel)

!

do crossover &
k=k+1 mutation

fhow optimal location and,
number of chargers
FINISH

Figure 2. Optimization flowchart of charging station placement
using GA
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Particle Swarm Optimization (PSO)

The steps for optimizing the placement of the PEV charging
station location are explained as follows.

1.

All input data is entered into the program. These
data are network data, bus data, line data, existing
load data, and PEV data.

Initialize PSO optimization parameters and enter
maximum iteration parameters

Initialization of iteration for PSO algorithm i =1 to
find the optimal location of charging station.
Perform power flow analysis using the Newton-
Raphson method for the existing load network and
calculate network losses

Update particle location and velocity with

velf; = wtvelf ; + ¢,y (pbestl, — xty)
¢ ¢
+ cory(gbestfq — x{y)

Where the weight of the particles is

(Wmax — Wmin)

W = Wmax — =D

X (iter — 1)

Perform load flow analysis again with Newton-
Raphson and show the network losses

If the losses violate the allowed network constraints,
repeat the iteration until an optimal solution is found

START

input load data and line data, system
constraint, load profile

)

optimization paramater initialization

¥

initialize bus candidate

generate random population

initialize iteration
P

i=1

v

count fitness
individual

v

Update particle
position and velocity

v

Count fitness, Get
Pbest & Gbest

Show optimal location &
number of charger
FINISH

Figure 3. Flowchart of optimal placement of charging station
using PSO
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3.3

Hybrid Genetic Algorithm Particle

Swarm Optimization (HGAPSO)

The steps for optimizing the placement of the PEV charging
station location are explained as follows.

1.

N

&>

o NG

10.

11.

12.

13.

\Update fterasi
k=k+l

Masukkan parameter
GA dan PSO

All input data is entered into the program. These
data are network data, bus data, line data, existing
load data, and PEV data.

Enter the GA and PSO optimization parameters.
Perform load flow analysis using the Newton-
Raphson method to obtain power losses in the
network.

Initialize a random solution of charging station
locations on the network.

Select the parents with the roulette wheel.

Do crossover and mutation to get a solution.
Connect optimal results from GA to PSO operator
Re-run load flow analysis with Newton-Raphson
from suboptimal results

Update particle velocity and position from PSO
operator

Then do the selection of parents and crossover and
mutation

Do the power flow analysis again with Newton-
Raphson until you get Pbest and Gbest.

Iterate until you get the Gbest location for the
optimal charging station

If the result still violates the constraint, do it again
until you get the optimal solution.

e

update bus count
Inisialisasi kandidat It
bus

i=1

Inisialisasi acak
kromosom N
Inisialisasi iterasi
GAK =1

Hitung fitness
individual

hitung fitness dan
tentukan Pbest dan
Ghest
Inisializasi iterasi
PSO
i=1
Ubah velocity dan
posisi partikel
Piih Parents
(greedy)

Lakukan Crossover &
utation

Tentukan Gbest
ldengan fitness terbaik|

Tentukan Gbest dengan
fitness terbalk diantara
lokasi N

Cutput Solution
(Lokasi)

Filin Parents
(Roulette Wheel)

update iterasi
iterasi = fterasi + 1

Lakukan Crossover &
Mutation

Hitung fitness dan
tentukan Pbest dan
Ghest

Yes

Sambungkan hasil
sub-optimal ke PSO

Figure 4. Optimization flowchart of charging station placement
using HGAPSO
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4. RESULTS AND DISCUSSION

4.1  Existing Network Load Flow
Analysis

Optimizing the coordination of charging plug-in electric
vehicle (PEV) in this electricity distribution network using 20
kV distribution system data obtained from PT. PLN APJ South
Surabaya which has 18 substations. In this study, the authors
chose to use the Basuki Rahmat feeder which is interconnected
with Simpang substation and Kupang substation as research
case studies. At the Basuki Rahmat feeder 30 units of 20
kV/380 V distribution bus connected to the Kupang substations
with a 150 / 20 kV transformer with a power of 60 MVA with
a current of 360 A. The single line diagram of the Basuki
Rahmat feeder can be seen in Figure 3.

BUS 28

Figure 3. Single Line Diagram Basuki Rahmat Feeder
Surabaya

The load flow analysis of the existing system is carried out
when the charging station has not been installed into the
network. Using the Newton-Raphson method [10], the analysis
results obtained with total power losses of 0.009 MW and 0.005
MVAR. The results of the load flow analysis is shown on table
1
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Table 1. Voltage and Load Profile of 30 Bus Feeder

ST Volt_age Angle Load
Magnitude | degree | P (MW) | Q (Mvar)

1 1.000 0 0 0

2 0.995 0.059 0 0

3 0.994 0.069 0 0

4 0.994 0.070 0.095 0.129
5 0.994 0.069 0.010 0.001
6 0.994 0.069 0.001 0.003
7 0.993 0.077 0 0

8 0.993 0.076 0.111 0.016
9 0.993 0.080 0.198 0.243
10 0.993 0.077 0.022 0.004
11 0.993 0.077 0.009 0.003
12 0.992 0.081 0 0
13 0.992 0.080 0.009 0.002
14 0.992 0.083 0.151 0.188
15 0.991 0.079 0 0
16 0.991 0.079 0.003 0
17 0.991 0.078 0 0
18 0.991 0.079 0.104 0.135
19 0.991 0.075 0 0
20 0.991 0.075 0.034 0.005
21 0.991 0.075 0.022 0.006
22 0.991 0.072 0.035 0.005
23 0.990 0.069 0.029 0.009
24 0.990 0.068 0.050 0.007
25 0.990 0.067 0.043 0.009
26 0.990 0.066 0.026 0.004
27 0.990 0.066 0.030 0.004
28 0.990 0.065 0.029 0.004
29 0.990 0.065 0.010 0.001
30 0.990 0.065 0.012 0.003

4.2  Optimization of Charging Station

Location using Genetic Algorithm (GA)

The GA is used to find the optimal location of the charging
station on the network with the scheme described in sub-
chapter 4.3. The results obtained after the iteration process are
Ploss 0.015 MW and Qloss 0.007 MVAR and the voltage
profile on each bus is shown in Figure 5.
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Figure 5. Voltage profile on each bus after the optimization
with GA

Head Charge per Bus

Number of head charger

Figure 6. Number of head chargers installed on the network
after GA optimization performed

It can be seen from the optimization results of charging stations
installed on buses 6, 14, 21, 23, 24, 26, 27,28. With a total of 2
head chargers on buses 14 and 23 and 1 head charger on buses
6, 21, 24, 26,27 and 28. The total number of head charger is 10
units.

4.3 Optimization of Charging Station
Location using Particle Swarm

Optimization (PSO)

The PSO algorithm is used to find the optimal location of the
charging station on the network with the scheme described in
sub-chapter 3. The results obtained after the iteration process
are Ploss 0.013 MW and Qloss 0.006 MVAR and the voltage
profile on each bus is shown in Figure 7
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Figure 7. Voltage profile on each bus after PSO optimization
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Figure 8. Number of head chargers installed on the networks
after the PSO optimization performed

44  Optimization of Charging Station
Location using Hybrid Genetic Algorithm
Particle Swarm Optimization (HGAPSO)

The HGAPSO algorithm is used to find the optimal
location of the charging station on the network with the scheme
as described in sub-chapter 3. The results obtained after the
iteration process are that there are Ploss of 0.012 MW and
Qloss 0.006 MVAR and the voltage profile on each bus is
shown in Figure 9.
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Figure 9. Voltage profile on each bus after HGAPSO
optimization
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Figure 9. Number of head chargers installed on the networks
after the HGAPSO optimization performed

It can be seen from the optimization results that charging
stations are installed on buses 14, 21, 23, 25, 26 and 28. With a
total of 2 charger heads on bus 14 and 1 head charger on buses
21, 23, 25, 26 and 28. The total of head charger is 7 units.
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5. CONCLUSION

In the distribution system, the placement of charging stations
that are not planned properly will cause problems such as
voltage deviation and real power loss in the system. The Hybrid
Genetic Algorithm Particle Swarm Optimization (HGAPSO)
method is able to optimally place a number of charging heads
on the bus compared to Genetic Algorithm (GA) and Particle
Swarm Optimization (PSO) with 7 charging heads and an real
power loss of 0,26% and a voltage deviation of 1,3%.
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Abstract: Revolution 4.0 requires college students to be able to have skills in solving problems. The rapid development of technology
and the outbreak of the COVID-19 pandemic require the learning process is done online. This is certainly very different from the face-
to-face learning process before the pandemic era. The object of this research is Learning Planning e-book based PBL. E-book developed
using the Kvisoft Flipbook Maker application. Students' perceptions of the developed e-book learning media with Kvisoft Flipbook
Maker application based PBL on Learning Planning course is included in the very good category with an average score of 4.34. While,
regarding the effectiveness of the e-book learning media developed with the PBL-based Kvisoft Flipbook Maker application in the
Lesson Planning course, there is an increase after using the e-book learning media compared with before using the e-book. After using
the e-book learning media obtained a total of 2690 with an average 84.06 on the very good criteria but before using the e-book
obtained a total of 1850 with an average of 57.81 being in the deficient criteria.

Keywords: Development, Learning Planning E-book Based PBL, Students' Perceptions, Effectiveness

1. INTRODUCTION

Education is a crucial part of the civilization of a nation. A
nation that has competitiveness is the result of a planned
education in the long term. The development of technology in
the era of the industrial revolution 4.0, which is commonly
called the very fast information era are excellent tools to
achieve high civilization and support in the world of
education. Along with that, this development has been
hampered because the world is currently being hit by a corona
virus outbreak, including in Indonesia. Since February 2020,
the corona virus pandemic has hit Indonesia.

The government responded to the high spread of the corona
virus by releasing circular about online learning and working
from home in order to prevent the spread of Covid-19 [1].
One of the things contained in this circular is to replace face-
to-face learning with network- based learning (online)
through e-learning used by various educational institutions.
Medan State University as part of educational institutions in
Indonesia, also applies the same thing, namely implementing
online learning starting in March 2020.

Lecturers as the spearhead of learning in the classroom are
required to be able to develop online learning media. Learning
tool such as Semester Learning Plan (RPS) are designed
according to the online learning that will be implemented.
Online learning media is a tool for lecturers to deliver learning
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materials that can stimulate the minds and wills of students in
the learning process. Learning media requires students to take
an active role in learning and use media as learning device
and by changing student behavior in the teaching and learning
process [2]. One of the online learning media that can be
developed by lecturers is e-book learning media.

Digital book or also called e-book, is a publication that
consists of text, images, sounds and published in digital form
that can be read on computer or other electronic devices such
as android, or tablet [3]. This can be interpreted that e-book or
digital book is a copy of the concept of teaching materials that
are poured by lecturers digitally in the form of text, images,
sounds and others that are packaged interactively to increase
the enthusiasm of learning from students. Using this e-book,
students are expected to be more active in learning and create
new variation of learning where so far, the conventional way
of learning is through printed books or dictation. The e-book
in this study uses the Kvisoft Flipbook Maker application.
Kvisoft Flipbook Maker is a suitable software when used as a
learning media because in this application it is possible to add
various features such as motion animation, video, images, and
audio that can be interactive learning media so that it can
attract students' interest and make teaching and learning
activities not monotonous [4]. The selection of Kvisoft
Flipbook Maker is the right choice and in accordance with the
characteristics of Learning Planning course, where Learning
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Planning course is dominated by theoretical concepts. In this
Kvisoft Flipbook Maker software there are several features to
add hyperlink, images, videos, and audios. So that with this
feature it is able to make it easier for students when they will
understand material related to technology videos in the world
of offices in the current digital era[4].

One way to improve student learning outcomes is to train how
to solve problems in course studies. Problem Based Learning
(PBL) is a learning approach that starts with posing a problem
and continues by solving the problem [5]. With problem
solving skills, students, both in groups and individually, will
be able to think critically and creatively so that mastery of
lecture material can be achieved as a whole and
comprehensively. The concept of the PBL method begins with
identifying problems in learning and then making
observations either in the classroom or out the classroom to be
able to solve problems scientifically.

Based on the background of the problems described above,
the problem that becomes the study material in this research is
how is students' perceptions and effectiveness of the
developed e-book learning media with Kvisoft Flipbook
Maker application based PBL on Learning Planning course?
The purpose of this study was to determine students'
perceptions and effectiveness of the developed e-book
learning media with Kvisoft Flipbook Maker application
based PBL on Learning Planning course.

2. METHOD

The type of research used is research and development. Borg
dan Gall defined that educational research and development
(R & D) is a process used to develop and validate educational
products. The steps of this process are usually referred to as
the R& D cycle, which consists of studying research findings
pertinent to the product to be developed, developing the
product based on the finding, field testing it in the setting
where it will be used eventually, and revising it to correct the
deficiencies found in the field-testing stage [6]. This research
will produce an e-book based PBL in Learning Planning
course.

The model used in this study is 4D (four-D models). On the
other hand, Sugiyono stated that four-D model consists of 4
main stages, namely: 1) define, 2) design, 3) develop, and 4)
disseminate [7]. In this paper, only the disseminate stage is
explained because the define, design and develop stages have
been published in the previous article.

The instruments used in this study were questionnaire and
test. Questionnaire is used to obtain data about students'
perceptions of the developed product and test is used to obtain
data about the effectiveness of the developed product. The
research data were analyzed to determine students'
perceptions and effectiveness of the developed product. The
students' perceptions of the developed product can be seen
from individual trial response result and small group trial
response result. The effectiveness of the developed product

www.ijcat.com

can be seen from the pretest and posttest answered by the
college students in the limited field group trial response result.

3. RESULTS AND DISCUSSIONS
3.1 Results

Individual trial was carried out on 3 students in the third
semester of the Economic Education study program for the
2021/2022 academic year, Faculty of Economics, State
University of Medan. While, the small group trial was carried
out on 9 students in the third semester of the Economic
Education study program for the 2021/2022 academic year,
Faculty of Economics, State University of Medan. The results
of the individual trial response, small group trial response and
limited field group trial response can be seen in the following
table.

Table 1. The Individual and Small Group Trial Response

Results
No| Indicators Score of Trial Results Average
Individual | Small SCTOrrIZIO '
Group Results
1. | Selection of font 4.33 4.4 4.37
type and size
2.| Color selection 4 4.33 4.17
accuracy
3. |Color combination 4.33 4.27 4.3
accuracy
4. | Material display 4 4.47 4.24
5. Text legibility 4.67 4.33 45
6. | Material clarity 4.67 4.47 457
7. Ease of use 4 4.4 4.2
8. | Clear instructions 4.33 4.27 4.3
for use
9. | Media attraction 4.33 4.53 4.43
10. Ease of 4.33 4.33 4.33
understanding
Total Average Trial Score 4.34
Category Very Good

The table shows that the indicator related to the selection of
font type and size get an average value of 4.37, color selection
accuracy of 4.17, color combination accuracy of 4.3, material
display of 4.24, text legibility of 4.5, material clarity of 4.57,
ease of use of 4.2, clear instructions for use is 4.3, media
attraction is 4.43, and ease of understanding is 4.33. Based on
the table, it can be concluded that the students' perceptions of
the developed e-book learning media is included in the very
good category with an average score of 4.34.
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Limited field group trial was carried out on class C students in
the third semester of the Economic Education study program
for the 2021/2022 academic year, Faculty of Economics, State
University of Medan as many as 32 people. In this trial,
students were given a pre-test and a post-test. This is done to
determine the effectiveness of e-book learning media. The test
results can be seen in the following table.

Table 2. Pre-test dan Post-test Results

25 65 80

26 60 80

27 65 95

28 55 90

29 65 90

30 60 75

31 50 80

32 60 75
Total 1850 2690
Average 57.81 84.06

No Pre-test Post-test
1 60 85
2 60 80
3 45 85
4 60 90
5 55 95
6 60 90
7 55 85
8 50 80
9 65 85

10 50 75

11 65 90

12 55 85

13 55 80

14 50 75

15 60 80

16 65 80

17 60 85

18 55 75

19 70 95

20 55 85

21 60 95

22 50 80

23 55 75

24 55 95
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The table shows that the pretest of college students obtained a
total of 1850 with an average of 57.81 being in the deficient
criteria, while the posttest or in other words the test carried
out after the application of e-book learning media obtained a
total of 2690 with an average 84.06 on the very good criteria.
Based on the table, it can be concluded that the average score
obtained by college students has increased where after using
the e-book learning media, it was 84.06 compared to 57.81
before using the e-book.

3.2 Discussions

In trial to students or users, the average result of the
perceptions on the individual trial response and small group
trial response is 4.34, meaning that the e-book learning media
is already in the very good category. While in the limited field
group trial response, it is known that the average score
obtained by college students has increased where after using
the e-book learning media, it was 84.06 compared to 57.81
before using the e-book. This is in line with research
conducted by Roesnita Ismail and Zainab AN in a journal
entitled The Pattern of E-Book Use Amongst Undergraduates
in Malaysia: A Case of To Know Is to Use, where it is stated
that the positive rate for e-book services is around 70 %.
Those who use e-books find e-books easy to use and their use
is especially needed for writing assignments or project work.
This is indirectly able to increase the effectiveness of learning

4. CONCLUSIONS

Students' perceptions of the developed e-book learning media
with Kvisoft Flipbook Maker application based PBL on
Learning Planning course is included in the very good
category with an average score of 4.34. Regarding the
developed e-book learning media with Kvisoft Flipbook
Maker application based PBL on Learning Planning course,
there is an increase after using the e-book learning media
compared with before using the e-book. After using the e-
book learning media obtained a total of 2690 with an average
84.06 on the very good criteria but before using the e-book
obtained a total of 1850 with an average of 57.81 being in the

deficient criteria.
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