Integra: Journal of Integrated Mathematics and Computer Science 3(1) 43-48

Integra: Jou rnal of Integratgd integra
u Mat h e m atl Cs a n d C 0 m p u te r S C I e n Ce Journal of Integrated Mathematics
4[] 53

and Computer Science
Journal Homepage: https://integrajimcs.com/index.php/integra/index

Research Paper

Optimizing Protection Settings at PT PLN (PERSERQO) UP2D Lampung through
User-Centered Design and Model-View-Controller Architecture

Dewi Asiah Shofiana'", Yunda Heningtyas', Siti Ayuni’

! Department of Computer Science, Faculty of Mathematics and Natural Sciences, Universitas Lampung, Bandar Lampung, 35145, Indonesia
*Corresponding author: dewi.asiah@fmipa.unila.ac.id

Keywords Abstract

Codelgniter 4, Model View Con- The rational basis for this research is the need to strengthen a Protection Management
troller, Protection Setting System, Information System in PT Perusahaan Listrik Negara (PLN) (Persero) UP2D Lampung so that
User-Centered Design it can implement monitoring and control systems or applications management protection

settings quickly & accurately on electrical distribution system. Currently the company is
using a manual process that uses Microsoft Excel, which is time-consuming and subject to
human errors resulting in system reliability issues. In this paper, a new web-based system
is developed based on the User-Centered Design (UCD) approach to provide an easy and
friendly interface for field operators to handle filling process. Using the MVC (Model View
Controller) architectural design pattern with Codelgniter 4, it has structured and modularized
code for easy maintenance and update. It automatically processes protection data, such
as the Over Current Relay (OCR) and Ground Fault Relay (GFR) settings, its output to
manager in a form easy to understand. The prototype was tested for usability via the User
Equation Questionnaire (composed of Likert scale questions) with 19 respondents, allowing
to determine a high usability score of 93.78% and validating the strong user satisfaction. The
results of this study are expected to lead to the implementation of a reliable system with
a user-friendly interface, ultimately enhancing the reliability of the electrical distribution
system and speeding up responses to electrical issues in the Lampung region.
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1. INTRODUCTION settings.

PT Perusahaan Listrik Negara (PLN), specifically the Distribu- One of the critical aspects of protection management in-
tion Control Implementation Unit (UP2D) of Lampung, plays a
crucial role in ensuring a reliable and stable electricity supply
across the Lampung region. PT PLN UP2D Lampung, as the
main electricity distribution unit, still faces many challenges in

volves configuring protection relays, such as Over Current Relay
(OCR) and Ground Fault Relay (GFR). Accurate relay settings
are essential in preventing significant disturbances in the power
distribution network [1]. However, the current configuration
method at PT PLN UP2D Lampung is still fragmented and par-
tial, making it difficult for real-time monitoring and having a
slow response to disturbances in the system. Thus, the web-
based protection setting information platform can be established
as a primary step toward improving operating efficiency and
reducing response time for faults in electrical distribution.
Research conducted by Gallegos et.al [2] demonstrates that
the implementation of computer-based systems in protection

carrying out the protection system to maintain grid stability. The
proper configuration of protection settings is vital to preventing
faults that could damage electrical equipment and to ensuring
the continuity of the power supply. The protection management
system at PT PLN UP2D Lampung, on the other hand, still em-
ploys manual processes through programs such as Microsoft
Excel, leading to inefficient processing time and frequent hu-
man error along with inaccuracies in protection configuration
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management significantly enhances the response time to elec-
trical disturbances. According to the findings, by implementing
integrated technology-based systems that allow a wider access
from the user-level data inputs, they have reduced reliance on
manually entering the data into a system historically responsible
for significantly slowing down these fault detections and recov-
ery processes. Electrical disturbances can thus be responded to
faster through these automated systems leading to improved
reliability of the system as human error is reduced. Similarly,
a study by [3] suggests the incorporation of Internet of Things
(IoT) technology to automate the monitoring and control of pro-
tection systems. Protection systems can function in real-time
by utilizing IoT, enabling responsive monitoring and handling
of electric faults. This technology is a solution to help reduce
reliance on manual systems for more efficient and structured su-
pervision. On the other hand, Indonesia’s electrical distribution
businesses IoT adoption is still in its infancy and limited only to
research and pilot projects.

In Indonesia, several studies related to electrical manage-
ment for PT PLN have been conducted [4, 5, 6, 7]. Research
[6] developed a web-based system to manage the protection
settings of PLN’s transmission networks in East Java and Bali,
with [5] also building the similar system in Garut, West Java.
While these systems succeeded in improving the efficiency of
protection management, it did not incorporate a User-Centered
Design (UCD) approach, which could enhance usability and
the overall user experience [8, 9]. Considering this, the cur-
rent project presents the creation of a web-based protection
setting information system using the Model-View-Controller
(MVC) architecture for backend management with the use of
UCD to guarantee an appropriate user experience—this means
taking into account aspects referring in special to technicians
and field operators who need an intuitive responsive interface
[10]. The proposed system combines UCD of the user interface
with MVC for backend structure which will help achieve reliable
settings of protection, faster response to electrical faults and re-
duce human errors adversely affecting operations. This research
aims to create a technology-based solution that will optimize
the management and implementation of electrical distribution
protection plans at PT PLN UP2D Lampung, thus providing a ma-
jor contribution towards increasing the reliability of electricity
distribution systems in the region of Lampung.

2. EXPERIMENTAL SECTION

Figure 1 shows the User Centered Design framework [8, 11, 12].
This method is able to recognize key issues and gather informa-
tion that can improve the participant’s experience, potentially
enhancing the quality of the study tools [13].

2.1 Understand Context of Use

System designers must have a thorough understanding of the
context in which the application will be used, including who
will use the system, their objectives in using the application,
and under what circumstances or conditions the application will
be utilized. A deep understanding of this context is crucial for

© 2026 The Authors.
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Figure 1. User Centered Design Framework

designers to create a system that is relevant and tailored to the
diverse needs of the users.

2.2 Specify User Requirements

After understanding the context in which the application will
be used, the next step is to define the user requirements. At this
stage, the system designers must identify the users’ needs within
the business context and the objectives they aim to achieve
through the application. This includes the desired functionality,
success criteria, and features necessary to support the users’
operational efficiency and effectiveness. During this phase, both
functional and non-functional system requirements are identi-
fied based on the users’ needs. The functional requirements are
viewed from two perspectives: admin users (UP2D) and non-
admin users (non-UP2D).

Use Case Diagram: Protection Settings Information System
PTPLN (PERSERO) UP2D Lampung

Manage UP Data
(Operational Unit)
View Company Frofile View protection sefting
data graph
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Figure 2. Use Case Diagram for the Protection Setting System
of PLN UP2D Lampung
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2.3 Design Solutions

This stage marks the initial phase, where each iteration involves
selecting focus tasks and estimating the time required for each
iteration. The iterations are planned to be conducted three times,
with varying durations. During this phase, the UML diagrams
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and the user interface design for the protection setting informa-
tion system are created using Figma tools to design the system
prototype that will be implemented. The interface design is
based on the UML diagrams (use case diagram and activity dia-
gram) and the Entity-Relationship Diagram (ERD) that have been
developed. The ERD is used to model the tables and the required
data for system development. The use case diagram is employed
to model the features needed by the organization for the system
design, while the activity diagram is used to illustrate the work-
flow and processes within the protection setting information
system. The system is then implemented using Codelgniter 4,
a framework that supports the Model-View-Controller (MVC)
architecture, which will be developed further.

[ vP2D LAMPUNG

PT PLN UP2D Lampung

[
o TP [P UFID Lampung

------------

@ vrzD LAMPUNG

Solusi Energi yang Handal
dan Berkelanjutan!

3 20+ 200+

Figure 3. Ul of Profile Protection Setting System PT PLN UP2D
Lampung

2.4 Evaluate Against User Requirements

During this phase, feedback and analysis are gathered, and exist-
ing assumptions are validated against the results of the system
design and implementation. This phase demonstrates that the
system meets the planned objectives and user requirements [14].
The study employs the User Experience Questionnaire (UEQ)
to assess whether the prototype design is suitable for use [15].
Usability testing, using the UEQ (which evaluates usability, sat-
isfaction, and ease of use), measures learning ability, efficiency,
retention, errors, and user satisfaction, with results calculated
using the Likert scale [15, 16].

3. RESULTS AND DISCUSSION

In this section, the results from each stage of the research using
the User-Centered Design (UCD) method are described.

© 2026 The Authors.
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3.1 Understand Context of Use

This phase carried out several data collection methods on the
Protection Setting Information System development at PT PLN
(Persero) UP2D Lampung, which included observation and in-
terviews. This study evaluated the protection setting processes
in the electricity distribution network through direct observa-
tion of business operations at the organization, where Microsoft
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Excel remains as the primary reporting tool. Based on these
observations some problems were identified and shared with
stakeholders in order to look for opportunities to create a new
system that would be able to solve the issues uncovered.

Direct interviews were conducted by asking several staff on
duty about existing problems, expected system needs, and busi-
ness processes that occur at PT PLN (Persero) UP2D Lampung.
Currently, the organization administers protection settings in the
power distribution network using a manual system (Microsoft
Excel), which is not an efficient way of tracking protection set-
tings and introduces human errors. The two main groups of
users accessing the system are admins (UP2D) and non-admins
(Non-UP2D). Administrators are designed to configure and moni-
tor the protection system in real-time, whereas non-admin users
only receive high-level data (for example, raw feeder informa-
tion).

Table 1. The User Satisfaction Index

Index User Satisfaction Result
0% — 19.99% Very dissatisfied
20% — 39.99% Dissatisfied
40% — 59.99% Uncertain
60% — 79.99% Satisfied
80% — 100% Very satisfied

This context highlights the need for a system that enables fast
response times to disturbances, better organization of protection
data, and streamlined operations to improve system reliability.
Insights from user research, including both interviews and ob-
servations, revealed that admins require a user-friendly interface
that reduces complexity and allows easy access to protection
system data.

3.2 Specify User Requirements
At this stage, the identification of both functional and non-
functional system requirements is conducted based on user needs.
The functional requirements are viewed from two perspectives:
the admin (UP2D) and non-admin (non-UP2D) users. The ad-
min (UP2D) requirements include: managing UP (Implementa-
tion Unit) data, managing GI (Substation) data, managing ULP
(Customer Service Unit) data, managing feeder data, manag-
ing protection relay data, managing OCR (Over Current Relay)
data, managing GFR (Ground Fault Relay) data, searching for
feeder names, viewing protection setting data graphs, and print-
ing protection setting data graphs. The non-admin (non-UP2D)
requirements include: viewing the company profile, searching
for feeder names, viewing protection setting data graphs, and
printing protection setting data graphs. These functional re-
quirements are represented in the form of a use case diagram, as
shown in Figure 2.

In addition, the users have several non-functional require-
ments, as follows:
a. A user-friendly interface that requires minimal training for
field technicians.

© 2026 The Authors.
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b. The system must be secure, ensuring that only authorized
personnel can access sensitive data.

c. The system must be scalable to accommodate future updates
and improvements.

d. Easy access to data and real-time updates for quick decision-
making.

3.3 Design Solutions

This study designs the mockup interface using FIGMA and imple-
ments the design in the system development using Codelgniter
4 [17]. The Codelgniter 4 framework is chosen because it fa-
cilitates the Model-View-Controller (MVC) architecture. This
architecture is modular and easy to maintain, making it suit-
able for future scalability and system upgrades. The system is
designed and implemented using Bahasa Indonesia. Figure 3
Shows the UI of Profile Protection Setting System PT PLN UP2D
Lampung, Figure 4 displays UI of Manage Feeder and GI Data,
and Figure 5. UI of Manage OCR/GFR.

3.4 Evaluate Against User Requirements

User acceptance assessment is being performed on the system
using Likert scale. The testing method is designed to reflect
the level of satisfaction obtained by the user and includes a
questionnaire containing questions on the created system [18].
Each question offers respondents five response options, each
associated with specific Likert scores: strongly agree (5), agree
(4), uncertain (3), disagree (2), and strongly disagree (1). By
assigning Likert scores to these responses, user feedback can be
quantitatively analyzed [18, 19]. The satisfaction index can then
be calculated through Equation (1) after getting the total score.
Subsequently, the derived satisfaction index data is juxtaposed
against the defined index intervals, as outlined in Table 1 [18].

Total Score
Zlndex = —————— %100 1)
Maximum Score

The questionnaire was completed by PT PLN UP2D Lam-
pung employees who had prior exposure to and experience with
the FIGMA prototype [20] of the developed system. Surveys
were collected from 19 participants (administrators and leaders),
potentially representative of users within the system. Table 2
provides a brief overview of the responses to the questionnaire.
In the analysis, questionnaire results are first calculated in total
(Likert score) based on the answers provided by each respondent,
as shown in Table 3.

Once the total score has been acquired, this value can be
employed to ascertain the user satisfaction index. This determi-
nation involves utilizing an equation to identify the index within
the Likert scale intervals, as demonstrated in the following illus-
tration. This process aids in assessing the overall satisfaction of
users based on their responses.

Total Score
%Index = ———— x 100
Maximum Score
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Table 2. The Questionnaire Outcomes
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No Question Percentage of Respondent Answers*
VS S U D VD
The arrangement of information on the system
1 1 2. (4 4 . (4 0 4 o
screens was evident and coherent. 0(5263%) 9 (47.37%) 0(0%)  0(0%) 0(0%)
2 The system’s interface design is engaging. 15 (78.95%) 4 (21.05%) 0 (0%) 0(0%) 0(0%)
3 The system is easy to comprehend. 15(78.95%)  4(21.05%) 0 (0%) 0(0%) 0(0%)
4 The system is user-friendly. 15(78.95%) 4 (21.05%) 0 (0%) 0(0%) 0(0%)
The features present on the system are in
> accordance with the requirements. 6(31.587%)  12(63.16%) 1(5.26%) 0(0%) 0(0%)
6 I am content when using the system. 15 (78.95%) 4 (21.05%) 0 (0%) 0(0%) 0(0%)
7 It was easy to find the information I needed. 13 (68.42%) 6 (31.58%) 0 (0%) 0(0%) 0(0%)
8 I managed to efﬁ(?lentl}.r accoryphsh the tasks and 15(78.95%) 4 (21.05%) 0(0%)  0(0%) 0(0%)
scenarios using this system.
Whenever I encountered errors while utilizing
9 the system, I was able to recover quickly and 13 (68.42%) 6 (31.58%) 0 (0%) 0(0%) 0(0%)
easily.
10 Overall, I find this system satisfactory. 15(78.95%)  4(21.05%) 0 (0%) 0(0%) 0(0%)
Total 132 (69.47%) 57 (30%)  1(0.53%) 0(0%) 0 (0%)
*VS: Very Satisfied; S: Satisfied; U: Uncertain; D: Dissatisfied; VD: Very Dissatisfied
user satisfaction index shown in Table 1, we can conclude that
891 overall all respondents rate the developed system with "Very
Z%Index = 9x5x10) x 100 Satisfied or Highly Satisfactory" category, which fits the criteria

891
%Index = — x 100
950

%Index = 93.79%

Table 3. The Results Total Score Using Likert Scale

Answer Score
Very satisfied 132 x5 = 660
Satisfied 57 x4 = 228
Uncertain 1x3=3
Dissatisfied 0x2=0
Very dissatisfied 0x1=0
Total 891

According to the data presented in Table 2, the outcomes of
the questionnaire, derived from the respondents, particularly
the sample comprising employees of PT PLN UP2D Lampung,
are demonstrated. Out of the 10 questions, 9 were answered
with satisfactory or very satisfactory. For one of the questions, a
single respondent provided an ambivalent answer: were features
in-line with what we specified as requirements. The system
lacks other features, such as automatic notification integration,
which contributes to this uncertainty. From the quantitative
aspect, we obtain a Likert type index of 93.79 %. Referring to the

© 2026 The Authors.

predetermined by PT PLN (Persero) UP2D Lampung.

4. CONCLUSIONS

PLN (Persero) UP2D Lampung significantly facilitates data ac-
cess and provides graphical representations of protection setting
disturbances across Lampung Province, while integrating seam-
lessly with the company profile. User-Centered Design (UCD)
improves the productivity and operational efficiency of a system
by ensuring that it is aligned with the needs and preferences of
users. Additionally, the use of Model-View-Controller (MVC)
architecture by Codelgniter 4 for back-end development makes
the system modularized and maintainable as well as scalable in
case of future enhancement. All 50 functional tests conducted
through black-box testing were successful and met the expected
outcomes, while usability testing with 19 respondents using the
User Experience Questionnaire (UEQ) yielded an overall Likert
score of 93.79%, reflecting a high level of system acceptance.
Future work may also explore the performance of the system
under high-load and security evaluation, as this can give deeper
insights into how well it performs while managing large-scale
data, along with its risks. Moreover, results from usability testing
indicate that further research could identify additional features
to improve user experience; one such feature might be an in-
teractive dashboard, and another an automated alert system to
receive faster notifications regarding protection disturbances.

5. ACKNOWLEDGEMENT

We express our sincere gratitude for the funding provided by
the Institute for Research and Community Service of Universitas

Page 47 of 48



Shofiana et. al.

Lampung, which supported the Basic Research Scheme in 2025
(Contract number: 686/UN26.21/PN/2025).

REFERENCES

(1]

(2]

(7]

(8]
(9]

Z. Zulkarnaini, Z. Anthony, K. Kartiria, and A. E. Afrianti.
Studi analisa proteksi ocr dan gfr di kubikel 20 kv penyu-
lang rsud pada pt. pln (persero) rayon kuranji. Jurnal Teknik
Elektro, 11(1):39-44, 2022.

J. Gallegos, P. Arévalo, C. Montaleza, and F. Jurado. Sustain-
able electrification-advances and challenges in electrical-
distribution networks: A review. Sustainability, 16(2):698,
2024.

E. W. Nahas, D.-E. A. Mansour, H. A. Abd el Ghany, S. M.
Dawoud, and A. M. Azmy. A novel iot-based adaptive
protection scheme for active dc distribution systems in-
corporating networked microgrids. Electric Power Systems
Research, 238(111113):111113, 2025.

B. E. Prasetyo, W. H. N. Putra, D. Syauqy, A. Bhawiyuga,
S. S. Wibowo, F. Ronilaya, and S. Adhisuwignjo. Sistem
monitoring trafo distribusi pt. pln (persero) berbasis iot.
Jurnal Teknologi Informasi dan Ilmu Komputer, 7(1):205-
210, 2020.

M. Arrozi As, W. Witanti, and A. I. Hadiana. Sistem infor-
masi pemeliharaan jaringan distribusi di pt. pln. Indonesian
Journal of Informatic Research and Software Engineering,
1(2):96-104, 2021.

S.R. Febriyanisa, I. Aknuranda, and Y. T. Mursityo. Pengem-
bangan sistem informasi pencatatan pengujian relay pro-
teksi pada sub-unit basecamp pt. pln (persero) transmisi
jawa bagian timur dan bali menggunakan metode water-
fall. Jurnal Pengembangan Teknologi Informasi dan Iimu
Komputer, 3(3):2388-2397, 2019.

S. D. Wirayanto, A. Arlenny, and E. Zondra. Sistem scada
pada jaringan distribusi pt. pln (persero) UP2D pekanbaru.
FJurnal Teknik, 16(2):123-129, 2022.

T. Lowdermilk. User Centered Design: A Developer’s Guide
to Build User Friendly Applications. O’Reilly, Missouri, 2013.
J. Saad, S. Martinelli, L. S. Machado, C. R. B. de Souza,
A. Alvaro, and L. Zaina. Ux work in software startups: A
thematic analysis of the literature. Information and Software

© 2026 The Authors.

(18]

[19]

Integra: Journal of Integrated Mathematics and Computer Science, 3 (2026) 43-48

Technology, 140:106688, 2021.

B. Dathan and S. Ramnath. Object-Oriented Analysis, Design
and Implementation. Springer, Switzerland, 2025.

C. Abras, D. Maloney-Krichmar, and ]. Preece. User-
centered design. In W. Bainbridge, editor, Encyclopedia
of Human-Computer Interaction, volume 37, pages 445-456.
Sage Publications, Thousand Oaks, 2004.

B. Still and K. Crane. Fundamentals of User-Centered Design:
A Practical Approach. CRC Press, Boca Raton, 2017.

A. Walden, L. Garvin, M. Smerek, and C. Johnson. User-
centered design principles in the development of clinical
research tools. Clinical Trials, 17(6):703-711, 2020.

N. Syifa, R. Mayasari, and A. S. Y. Irawan. Penerapan
metode lean ux pada perancangan ui/ux aplikasi digilib
unsika versi windows. INTECOMS: Journal of Information
Technology and Computer Science, 4(2):392-405, 2021.

M. Schrepp, A. Hinderks, and J. Thomaschewski. Construc-
tion of a benchmark for the user experience questionnaire
(ueq). International Journal of Interactive Multimedia and
Artificial Intelligence, 4(4):40-44, 2017.

R. Firmansyah. Usability testing dengan use questionnaire
pada aplikasi sipolin provinsi jawa barat. Swabumi, 6(1):1-7,
2018.

U. Ibrahim, J. B. Hayfron-Acquah, and F. Twum. Com-
parative analysis of codeigniter and laravel in relation to
object-relational mapping, load testing and stress testing.
International Research Journal of Engineering and Technol-
ogy (IRJET), 5(2):1471-1475, 2018.

A.T. Jebb, V. Ng, and L. Tay. A review of key likert scale
development advances: 1995-2019. Frontiers in Psychology,
12, 2021.

J. D. Schrager, K. Schuler, A. P. Isakov, D. W. Wright, A. Q.
Yaffee, K. L. Jacobson, R. M. Parker, and C. Goolsby. De-
velopment and usability testing of a web-based covid-19
self-triage platform. Western Journal of Emergency Medicine,
21(5):1054-1058, 2020.

F. Staiano. Designing and Prototyping Interfaces with Figma:
Learn Essential UX/UI Design Principles by Creating Inter-
active Prototypes for Mobile, Tablet, and Desktop. Packt
Publishing, Birmingham, 2022.

Page 48 of 48



	INTRODUCTION
	EXPERIMENTAL SECTION
	Understand Context of Use
	Specify User Requirements
	Design Solutions
	Evaluate Against User Requirements

	RESULTS AND DISCUSSION
	Understand Context of Use
	Specify User Requirements
	Design Solutions
	Evaluate Against User Requirements

	CONCLUSIONS
	ACKNOWLEDGEMENT

