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Abstract − Medical image processing has become an essential aspect of healthcare, enabling accurate disease diagnosis 
and monitoring through advanced technologies. One of the most widely used methods in this domain is the Convolutional 
Neural Network (CNN), which has demonstrated high effectiveness in segmentation and classification tasks, particularly 
for chest X-ray images used in diagnosing lung-related diseases. This study aims to evaluate and analyze various CNN 
architectures implemented in lung X-ray imaging through a Systematic Literature Review (SLR) approach. The research 
explores the application, accuracy, challenges, and future opportunities of CNN-based models such as VGG, ResNet, 
AlexNet, and GoogLeNet. A total of 15 relevant studies published between 2019 and 2023 were selected after applying 
rigorous inclusion and exclusion criteria. The findings indicate that CNN architectures significantly enhance the accuracy 
of lung disease detection and support both segmentation and classification tasks. However, challenges such as dataset 
variability, model generalization, and ethical implications remain. This review provides comprehensive insights into CNN 
applications in medical imaging, emphasizing their potential and highlighting areas for further research. 

Keywords – CNN architecture, CNN, medical imaging, lung 

I. INTRODUCTION  
Imagery is a visual representation of objects in the real 

world in the form of two dimensions. Mathematically, the 
image or Image. It can be described as a two-dimensional 
function (x,y), where x and y represent the coordinates in 
dimensional space, and the amplitude (f) on each 
coordinate pair (x,y) depicts the intensity in the image. In a 
digital image, a number of elements are composed of what 
are known as pixels or grayness values. Each pixel has a 
different position (coordinates) as a representation of the 
brightness or color level at that location. Pixel intensity can 
be expressed in the form of discrete values that typically 
range from 0 to 255. This value represents different levels 
of brightness or color in the image, where 0 represents 
black and 255 represents white. These pixel intensities are 
stored in digital images and processed in various image 
processing processes, such as contrast enhancement, 
quality improvement, object segmentation, and image 
analysis. 

Digital image processing is concerned with 
converting images into digital formats and processing them 
using digital computers. Digital image analysis is related to 
the description and introduction of the content of the digital 
image. The input of an image analysis process is the digital 
image and as an output, the digital image produces a 
description of the image in symbolic form. Image 
processing is of course carried out for various purposes 
such as increasing contrast, increasing brightness, image 
rotation, image fading, and removal [1]. Noise, 
segmentation or separation of objects from their 
background, extraction of features for the sake of analysis, 

and artistic effects such as giving the effect as if an image 
was drawn with a pencil.  

Image processing has been applied in various studies  
which identified rice diseases with one of the methods in 
digital image processing, namely CNN-BiGRU. Another 
study was also conducted for the detection of fire smoke in 
wild forests from synthetic smoke imagery using the Faster 
R-CNN method [2][3],[4]. 

Image processing can be used in various fields such 
as research on fire smoke, license plate detection, plant 
disease detection, and others. Image processing is also of 
course possible to be applied in the medical world because 
image in the medical world itself is a fundamental need 
used in monitoring and determining disease diagnosis. As 
in lung disease, which generally has similar symptoms, a 
supporting procedure is usually needed in determining the 
diagnosis which is usually done through a chest X-ray 
examination procedure. 

Segmentation and Classification in digital image 
processing are two different things. Segmentation is a 
process in image processing to separate objects in an image 
into several regions based on the difference in the grayness 
value of an image without labeling a specific category. 
Meanwhile, image classification is the process of giving 
certain labels or categories to all images. Both play an equal 
role in image analysis to achieve certain goals such as 
object recognition.  

One of the methods in digital image processing that 
can be used in segmentation and classification is 
Convolutional Neural Network (CNN). Convolutional 
Neural Network (CNN) has evolved in the analysis of 
medical images performed and provides greater 
opportunities for radiologists to perform detection and 
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diagnosis with a high degree of accuracy by adopting 
topological mapping that has been optimized within its 
convolutional layer to extract important features from 
medical images at each stage, ultimately improving the 
model's suitability with the expected results. With this 
concept, CNN has significantly improved the diagnostic 
and analytical capabilities of medical images [5]. 

Convolutional neural networks (CNNs) are a type of 
classification algorithm in the deep learning domain that is 
capable of receiving images as input [6]. CNN is a good 
method to identify elements or objects in an image so that 
computers can learn and distinguish the images from each 
other. The structure of CNN consists of several main 
architectures, namely Input, feature learning and 
classification [7]. Convolutional Neural Network (CNN) 
has different types of architectures such as VGG-16 CNN, 
Res-Net CNN, Alex-Net CNN, Google-Net, COVID-Nets, 
and others [8]. 

The implementation of the CNN architecture has been 
tested in several studies related to the medical world, 
especially the implementation of lung medical imaging. An 
example of a study that has been conducted by for the 
detection of Covid-19 from an X-ray image using nine 
CNN architectures namely AlexNet, GoogleNet, ResNet-
50, Se-ResNet-50, DenseNet121, Inception V4, Inception 
ResNetV2, ResNeXt-50, and Se-ResNeXt-50 and results in 
a level of accuracy achieved on the model [9].pre-trained 
Se-ResNeXt-50 with the highest classification accuracy of 
99.32% for binary class and 97.55% for multi-class among 
all models pre-trained. Another study was conducted to 
classify skin cancer with the VGG-16 architecture and 
produced an accuracy of 99.70%, [10]. Loss 0,0055, 
precision 0,9975, Recall 0,9975. 

Since the accuracy and performance vary across 
different CNN architectures, this study employs a 
Systematic Literature Review (SLR) to examine and 
evaluate the implementation of various CNN architectures 
in processing lung X-ray images. The research aims to 
identify the role of CNN in segmentation and classification 
tasks related to lung diseases based on imaging data, as well 
as to analyze the challenges encountered in applying these 
CNN architectures. 

II. RESEARCH METHODOLOGY  
 To conduct a literature review regarding the 
implementation of various Convolutional Neural Network 
(CNN) architectures for lung X-ray imaging, this study 
adopts a Systematic Literature Review (SLR) method. A 
good literature review requires a well-defined search 
strategy and selection criteria to ensure that the collected 
studies are relevant and of high quality. In this case, the 
SLR was carried out through several stages in the search 
strategy and selection criteria, as follows: 

1. Determine keywords appropriate to the topic, 
such as "CNN," "Convolutional Neural 
Network," "X-ray," "medical imaging," 
"radiology," "chest radiograph," "lung 
disease," and specific CNN architecture 
names such as "VGG," "ResNet," "AlexNet," 
and "GoogLeNet." 

2. Selecting a research-appropriate database 
from relevant sources can include Science 

Direct, IEEE Xplore, Google Scholar, 
Scopus, and Springer. 

3. Create a Search Query that includes the 
keywords that have been identified. For 
example, "(CNN OR Convolutional Neural 
Network) AND (X-ray OR medical imaging) 
AND (VGG OR ResNet OR AlexNet OR 
GoogLeNet) AND (lung disease OR 
pneumonia)." 

4. Using search filters to narrow down search 
results based on research publications in the 
range of 2019 - 2023 with the type of journal 
and conference documents in Indonesian and 
English. 

5. Use a search query on a predefined database 
and log the search results. 

 After following this search strategy and selection 
criteria, relevant literature was obtained regarding the 
implementation of various CNN architectures in chest X-
ray images.  From the entire search process, a total of 21 
relevant articles were initially identified. This helps in 
evaluating the various approaches that have been used in 
previous research and compiling an informative literature 
review. 
     In this digital era, medical image processing has become 
one of the most important aspects in the field of medical 
science. Medical image processing technology allows 
healthcare professionals to diagnose diseases, monitor 
patient progress, and make informed medical decisions. In 
this context, the use of Convolutional Neural Network 
(CNN) architecture has become a growing focus of 
research. Relevant research questions in this area are of 
essence in an effort to understand and maximize the 
potential of CNN architecture in medical image processing.  
RQ1  : Can the application of the CNN architecture be 
used in segmentation as well as classification of medical 
images? 
RQ2  : What is the level of accuracy that can be achieved 
by using the CNN architecture in the segmentation and/or 
classification tasks of a lung image? 
RQ3 : What are the obstacles and future research 
opportunities in the implementation of various CNN 
architectures in lung medical imaging research? 
      The RQ1 statement is important to uncover CNN's 
architectural capabilities in supporting two important tasks 
in medical image processing. RQ2 question highlights 
effectiveness of CNN in producing accurate results in 
recognizing or grouping various features in lung images. 
The RQ3 question aims to evaluate barriers that may arise, 
such as access to data and hardware complexity, as well as 
identify opportunities, such as the use of more advanced 
technologies and cooperation between researchers and 
medical practitioners, that could advance research in this 
area.  
 After applying inclusion and exclusion criteria 
such as relevance to the research questions, availability of 
full text, and avoidance of duplicate studies, a final set of 
15 articles was selected for in-depth review. In order to 
answer these questions, this study will conduct a 
comprehensive literature review of recent works in the 
domain of medical image processing using the CNN 
architecture. 
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III. FINDING ANALYSIS AND DISCUSSION 
 
      In this literature analysis, a number of studies that have 
been conducted in the field of implementation of various 
types of architecture on CNN in lung imaging will be 
investigated to understand and answer the research 
questions that have been determined. This study aims to 
identify the use of architecture in segmentation and 
classification and evaluate the implementation of various 
CNN architectures in lung imagery. Understanding the 
existing literature is an important step in guiding our 
research and making a valuable contribution to scientific 
understanding. Table 1 contains Research Data found 
through search strategies and target criteria. The 
introduction of the entire article is summarized in a table 
with columns of Authors, Datasets Size, Year, CNN 
Architecture, and Application Deployments. 
 

Table 1. Relevant Research Data 
Author Datase

t Size 
Year CNN 

Architecture 
Application 

(Arvind et 
al., 2023) 
[11] 

944 2023 U-Net Segmentatio
n 

(Aslan, 
2022) [12] 

2905 2022 Alex-Net Segmentatio
n 

(Ilhan et al., 
2023) 

100 2023 U-Net Segmentatio
n 

(Chen et 
al., 2021)  
[13] 

240 2021 Seg-Net Segmentatio
n 

(Xu et al., 
2019) 

201 2019 CNN Segmentatio
n 

(Salama & 
Aly, 2022) 
[14] 

746 2022 AlexNet, 
GoogLeNet, 
ResNet, VGG16, 
VGG19, and U-
Net 

Segmentatio
n and 
Classificatio
n 

(Hastomo 
et al., 2021) 
[15] 

10300 2021 Res-Net 152 Segmentatio
n and 
Classificatio
n 

   (Hira et 
al., 2021)  
 

8830 2021 AlexNet, 
GoogleNet, 
ResNet-50, Se-
ResNet-50, 
DenseNet121, 
Inception V4, 
Inception 
ResNetV2, 
ResNeXt-50, and 
Se-ResNeXt-50) 

Segmentatio
n and 
Classificatio
n 

(Hastomo 
et al., 2021) 

4000 2021 ResNet-152, 
InceptionResNet
-V2, MobileNet-
V2 CNN 

Segmentatio
n and 
Classificatio
n 

(Mohd 
Ashhar et 
al., 2021) 
[16] 

1646  
2021 

GoogleNet, 
SqueezeNet, 
DenseNet, 
ShuffleNet and 
MobileNetV2 
CNN 

Segmentatio
n and 
Classificatio
n 

(Alshazly 
et al., 2021) 
[17] 

4173 2021 CovidResNet dan 
CovidDenseNet 

Segmentatio
n and 
Classificatio
n 

(Kusmaren
i et al., 
2022) [18] 

566 2022 U-Net Segmentatio
n 

(Astuti, 
2021) [19] 

135 2021 Mask R-CNN Segmentatio
n 

(Khultsum 
et al., 2022)  
[20] 

720 2022 Mobile-Net Klasifikasi 

(Yopento et 
al., 2022) 
[21] 

2217 2022 CNN Klasifikasi 

  
 Identified 15 articles related to the implementation 
of the CNN architecture for lung imaging. Please note, 
segmentation and classification are two different things and 
have been explained in the Introduction Section. In this 
case, the research data will be broken down into 3 tables, 
namely for the application of segmentation, classification, 
and segmentation as well as classification. 
 
Table 2. Implementation of CNN Architecture for Image Segmentation 

Writer Dataset 
Size 

Year CNN 
Architecture 

Application 

(Arvind et al., 
2023) 

944 2023 U-Net Segmentation 

(Aslan, 2022) 2905 2022 Alex-Net Segmentation 
(Ilhan et al., 
2023) 

100 2023 U-Net Segmentation 

(Chen et al., 
2021) 

240 2021 Seg-Net Segmentation 

(Xu et al., 
2019) 

201 2019 CNN Segmentation 

(Kusmareni et 
al., 2022) 

566 2022 U-Net Segmentation 

(Astuti, 2021) 135 2021 Mask R-CNN Segmentation 
 

Table 3. Implementing the CNN Architecture for Classification 
Writer Dataset 

Size 
Year CNN 

Architecture 
Application 

(Khultsum et 
al., 2022) 

720 2022 Mobile-Net Klasifikasi 

(Yopento et al., 
2022) 

2217 2022 CNN Klasifikasi 

 
Table 4. Implementation of CNN Architecture for Segmentation and 

Classification 
Writer Dataset 

Size 
Year CNN 

Architecture 
Application 

(Salama & 
Aly, 2022) 

746 2022 AlexNet, 
GoogLeNet, 
ResNet, VGG16, 
VGG19, and U-
Net 

Segmentation 
and 
Classification 

(Hastomo 
et al., 2021) 

10300 2021 Res-Net 152 Segmentation 
and 
Classification 

   (Hira et 
al., 2021)  
 

8830 2020 AlexNet, 
GoogleNet, 
ResNet-50, Se-
ResNet-50, 
DenseNet121, 
Inception V4, 
Inception 
ResNetV2, 
ResNeXt-50, and 
Se-ResNeXt-50) 

Segmentation 
and 
Classification 

(Agustina 
et al., 2022) 

4000 2022 VGG-16 Segmentation 
and 
Classification 

(Hastomo 
et al., 2021) 

4000 2021 ResNet-152, 
InceptionResNet-
V2, MobileNet-
V2 CNN 

Segmentation 
and 
Classification 

(Mohd 
Ashhar et 
al., 2021) 

1646  
2021 

GoogleNet, 
SqueezeNet, 
DenseNet, 
ShuffleNet and 

Segmentation 
and 
Classification 
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MobileNetV2 
CNN 

(Alshazly 
et al., 2021) 

4173 2021 CovidResNet dan 
CovidDenseNet 

Segmentation 
and 
Classification 

 The literature analysis was followed by exploring 
additional components, namely the function and accuracy 
of the implementation of the CNN architecture on lung 
imagery. Previous research has provided insights into how 
Convolutional Neural Network (CNN) architecture has 
been applied to the task of segmentation or classification of 
lung images. At this stage, it will be further explored by 
exploring how CNN specifically contributes to the 
segmentation or classification function, as well as the 
extent of the accuracy of its implementation. 
Understanding how CNNs perform in the context of lung 
imagery is essential for evaluating its potential and 
limitations in broader medical applications, as well as 
providing a foundation for research in developing more 
sophisticated methods. 

Table 5. Application and Accuracy of CNN Architecture for Image 
Segmentation 

Writer Datase
t Size 

CNN 
Architectu

re 

Application Accuracy 

(Arvind et 
al., 2023) 

944 U-Net Separating 
the lungs 
from the 
heart, ribs, 
diaphragm, 
sternum, and 
collarbone 

The training 
accuracy is 
92.71% and 
the 
generalizatio
n accuracy is 
outstanding 
at 93.87% 
Adam 
optimizer 
and 
underlying 
loss function 
is Dice 
coefficient. 
 

(Aslan, 
2022) 

2905 Alex-Net Diagnostic 
COVID-19 
 

As a result, 3 
class data 
consisting of 
the Normal, 
Viral 
Pneumonia, 
and COVID-
19 classes 
were 
classified 
with 99.8% 
success 

(Ilhan et 
al., 2023) 

100 U-Net Diagnostic 
COVID-19 
 

The 
proposed 
system 
achieves an 
accuracy of 
97.75%, 
0.85, and 
0.74, dice 
scores, and a 
Jaccard 
index 

(Chen et 
al., 2021) 

240 Seg-Net Lung Cancer 
Diagnosis 

The SegNet 
model has a 
sensitivity of 
98.33%, 
specificity 
of 86.67%, 

accuracy of 
92.50%, and 
a total 
segmentatio
n time of 
30.42 
seconds 

(Xu et al., 
2019) 

201 CNN Segmentasi 
parenkim 
paru 

The CNN 
model 
obtained an 
average F-
score of 
0.9917 

(Kusmare
ni et al., 
2022) 

566 U-Net Abnormaliti
es of lung 
size 

the average 
accuracy 
value is 
0.9632, the 
sensitivity is 
0.9586, and 
the 
specificity is 
0.9675, the 
F1-Score is 
0.9920, and 
the Jaccard 
coefficient is 
0.9842  

(Astuti, 2) 135 Mask R-
CNN 

Lung Cancer 
Malignancy 

Rerata 
precision 
0.852, 
sensitivity 
0.958, 
specificity 
0.82, dan 
Dice 
Similarity 
0.894 
 

 
 

Table 6. Application and Accuracy of CNN Architecture for 
Classification 

Writer Dataset 
Size 

CNN 
Architecture 

Application Accuracy 

(Khultsum 
et al., 
2022) 

720 Mobile-Net Lung 
Cancer 

Accuracy 
of 96.70% 
and 
Validation 
accuracy of 
90.45%  

(Yopento 
et al., 
2022) 

2217 CNN Pneumonia Precision is 
91%, 
Recall is 
92.8% and 
Accurasy is 
91.54%. 
The 
accuracy 
level 
obtained 
based on 
the Epoch 
value is 50, 
the 
learning 
rate is 
0.0001 and 
the batch 
value is 20. 
 

 
 

Table 7. Implementation and Accuracy of CNN Architecture for 
Segmentation and Classification 



JISA (Jurnal Informatika dan Sains)   e-ISSN: 2614-8404 
 Vol. 08, No. 01, June 2025   p-ISSN: 2776-3234  
        

 
JISA (Jurnal Informatika dan Sains) (e-ISSN: 2614-8404) is published by Program Studi Teknik Informatika, Universitas Trilogi 
under Creative Commons Attribution-ShareAlike 4.0 International License.  

  5 
 

Writer Datas
et Size 

CNN 
Architecture 

Applicati
on 

Accuracy 

(Salama 
& Aly, 
2022) 

746 AlexNet, 
GoogLeNet, 
ResNet, 
VGG16, 
VGG19, and 
U-Net 

Covid-19 The 
classification 
results showed 
that the use of 
pre-processed 
lung CT 
images as 
inputs for the 
U-Net hybrid 
with ResNet50 
achieved the 
best 
performance. 
The proposed 
classification 
model 
achieved an 
accuracy 
(ACC) of 
98.98%, area 
under the ROC 
curve (AUC) 
of 98.89%, 
sensitivity (Se) 
of 98.89%, 
precision (Pr) 
of 97.99%, F1 
score of 
97.88%, and a 
computational 
time of 1.8974 
seconds. 

(Hasto
mo et 
al., 
2021) 

10300 Res-Net 152 Covid-19, 
Lung 
Opacity, 
Pneumoni
a 

The results of 
the study with 
50 epoch 
trainings 
obtained 
excellent 
scores for 
training and 
validation 
accuracy of 
95.5% and 
91.8%. The 
test test with a 
total of 19,300 
test data 
images 
obtained 99% 
testing 
accuracy, with 
the precision 
of each class 
being Covid 
(99%), Lung 
Opacity 
(99%), Normal 
(98%) and 
Viral 
Pneumonia 
(98%) 
 

   (Hira 
et al., 
2021)  
 

8830 AlexNet, 
GoogleNet, 
ResNet-50, Se-
ResNet-50, 
DenseNet121, 
Inception V4, 
Inception 
ResNetV2, 
ResNeXt-50, 
and Se-
ResNeXt-50) 

Covid-19 The 
experimental 
results showed 
that the Se-
ResNeXt-50 
pre-training 
model 
achieved the 
highest 
classification 
accuracy of 
99.32% for the 
binary class 

and 97.55% 
for the plural 
class among all 
pre-training 
models. 

(Hasto
mo et 
al., 
2021) 

4000 ResNet-152, 
InceptionResN
et-V2, 
MobileNet-V2 
CNN 

Covid-19, 
Lung 
Opacity, 
Pneumoni
a 

The test 
accuracy of 
ResNet-152 is 
99%, higher 
than 
InceptionResN
et-V2 with a 
98% result, 
and 
MobileNet-V2 
with a 93% 
result. with the 
precision of 
each class 
isCovid (99%), 
Lung_Opacity 
(97%), Normal 
(99%), 
Viral_Pneumo
nia (99%) 
 

(Mohd 
Ashhar 
et al., 
2021) 

1646 GoogleNet, 
SqueezeNet, 
DenseNet, 
ShuffleNet and 
MobileNetV2 
CNN 

Tumor 
Paro-Paro 

Accuracy 
94.53%, 
specificity 
99.06%, 
sensitivity 
65.67% and 
AUC 86.84%. 

(Alshazl
y et al., 
2021) 

4173 CovidResNet 
dan 
CovidDenseN
et 

Covid-19 The 
CovidDenseN
et model 
obtained the 
best 
performance 
with an 
accuracy of 
81.77%, 
precision of 
79.05%, 
sensitivity of 
84.69%, 
specificity of 
79.05%, F1 
score of 
81.77%, and 
an AUC score 
of 87.50%. 

  
 In conducting research, researchers often face 
various obstacles that can affect the smooth running of 
research. On the other hand, research also has the potential 
to present many opportunities in the future. Table 8 
contains an explanation related to the barriers and future 
research opportunities of the researcher. 
 

Table 8. Future Research Barriers and Opportunities 
Research Obstacles Chance 

(Arvind et al., 
2023) 

Difficulties in 
obtaining consent in 
data collection in the 
field of medical 
imaging  

Optimization and 
equalization of the 
range of boundary 
boxes or organ edges 

(Aslan, 2022) Citra does not have 
real clinical data so it 
casts doubt on the 
results 

Implementation of 
different hyper-
parameter 
optimization 
techniques to give 
more optimal results  
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(Ilhan et al., 2023) - A more 
comprehensive 
system by considering 
pneumonia data in 
addition to the 
COVID-19 dataset. 

(Chen et al., 2021) - - 
(Xu et al., 2019) The results of  filling 

holes did not include 
the area of pleural 
effusion of the right 
lung and the 
pulmonary bular near 
the pulmonary field 
boundary 

Propose a machine 
learning-based 
framework  for finding 
and analyzing lung 
lesions 

(Salama & Aly, 
2022) 

Data loses spatial 
information and is 
not reversible so that 
the fully connected 
layer is only 
implemented at the 
end of  the network. 

Future research can be 
carried out the process 
of classifying 
abnormalities in the 
lungs. 

(Hastomo et al., 
2021) 

The system has not 
been able to detect 
and segment the area 
of malignant type 
cancer nodules . 

Development  of 
detection and 
segmentation 
techniques for areas 
with very low contrast 

   (Hira et al., 
2021b)  
 

-  - 

(Hastomo et al., 
2021) 

The computational 
process takes up a lot 
of space so that the 
number of datasets 
used in the training 
process is affected 

- 

(Mohd Ashhar et 
al., 2021) 

After the 
augmentation 
process, some 
important 
information in the 
CT image is lost 

- 

(Alshazly et al., 
2021) 

- - 

(Kusmareni et al., 
2022) 

-  Research with a larger 
dataset approach for 
medical problems of 
cancer, tumors, etc 
and other fields with 
the exploration of 
image data 
augmentation 
techniques to further 
improve accuracy 
while avoiding 
overfitting 

(Astuti, 2021) The accuracy of the 
train and the valid 
loss are still quite 
large (>40%) and 
need to be improved 
again so that the 
value becomes 
smaller 

- 

(Khultsum et al., 
2022) 

MobileNetV2 
misclassified data 
into benign cancer 
type 

Further studies on the 
GoogleNet network 
are needed to improve 
the accuracy of the 
classification of lung 
lesions in CT images. 

(Yopento et al., 
2022) 

- Collection of datasets 
from  larger CT Scans 

 
 In the discussion stage, the findings from the 
literature analysis will be evaluated that discuss the 
function and accuracy of the implementation of 

Convolutional Neural Network (CNN) architecture on lung 
imagery. The results of the literature analysis show that the 
use of CNN architecture in lung image processing has 
resulted in significant advances in this field. The main 
function of CNNs in the task of segmentation or 
classification of lung images is its ability to automatically 
extract important features from the image, which in turn 
allows the identification and separation of relevant 
structures in the image. This is important in the diagnosis 
and monitoring of lung diseases such as pneumonia, 
COVID-19, and lung cancer. 
 In addition, most of the studies evaluated showed 
that the implementation of CNN architecture on lung 
imagery achieved a satisfactory level of accuracy. This high 
accuracy gives confidence that this technique can be used 
as an aid in medical diagnosis. However, some studies also 
underscore the challenges of dealing with variations in 
human lung imagery and uncertainty in the datasets used. 
 Furthermore, our discussion also discusses 
potential future developments in applying CNN 
architecture to lung imagery. This includes improvements 
in more sophisticated methods, the use of larger and more 
representative datasets, and ethical considerations in the 
implementation of these technologies in medical decision-
making. Additionally, it is important to continuously 
improve the accuracy and generalization of CNN models to 
improve their role in the medical world. 
       

IV. CONCLUSION  
     This literature review study examines the application of 
Convolutional Neural Network (CNN) architecture in 
segmentation and classification of pulmonary medical 
images. The results of the literature analysis show that the 
use of CNN in lung imaging is a positive step in the 
advancement of medical technology. CNN's ability to 
segment and classify, as well as varying degrees of 
accuracy, has strengthened its role in supporting the 
diagnosis of lung disease. Nonetheless, it is worth noting 
the challenges faced, and more research should be 
conducted to maximize the benefits of this technology in 
health monitoring and patient diagnosis. 

1. Answer to Question RQ1: This study confirms 
that the CNN architecture can be effectively used 
in segmentation as well as classification of lung 
medical images. 

2. Answer to Question RQ2: The results of the 
literature study show that the implementation of 
the CNN architecture on lung medical images for 
segmentation and classification generally 
achieves an adequate and satisfactory level of 
accuracy. 

3. Answer to Question RQ3: The majority of studies 
face certain barriers and challenges in the 
implementation of CNN architecture on 
pulmonary medical imaging. However, future 
research opportunities are directed at the 
development of more appropriate methods and 
datasets to optimize research results in this field. 

should only answer the objectives of the research. Tells 
how your work advances the field from the present state of 
knowledge. Without clear Conclusions, reviewers and 
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readers will find it difficult to judge the work, and whether 
or not it merits publication in the journal. Do not repeat the 
Abstract, or just list experimental results. Provide a clear 
scientific justification for your work, and indicate possible 
applications and extensions. This conclusion should be 
provided as a paragraph. You should also suggest future 
experiments and/or point out those that are underway. 
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Abstract − Text representation is a critical component in Natural Language Processing tasks such as 
information retrieval and text classification. Traditional approaches like Term Frequency-Inverse 
Document Frequency (TF-IDF) provide a simple and efficient way to represent term importance but 
lack the ability to capture semantic meaning. On the other hand, deep learning models such as 
Bidirectional Encoder Representations from Transformers (BERT) produce context-aware 
embeddings that enhance semantic understanding but may overlook exact term relevance. This study 
proposes a hybrid approach that combines TF-IDF and BERT through a weighted feature-level fusion 
strategy. The TF-IDF vectors are reduced in dimension using Truncated Singular Value 
Decomposition and aligned with BERT vectors. The combined representation is used to train a fully 
connected neural network for binary classification of document relevance. The model was evaluated 
using the CISI benchmark dataset and compared with standalone TF-IDF and BERT models. 
Experimental results show that the hybrid model achieved a training accuracy of 97.43 percent and 
the highest test accuracy of 80.02 percent, outperforming individual methods. These findings confirm 
that combining lexical and contextual features can enhance classification accuracy and generalization. 
This approach provides a more robust solution for improving real-world information retrieval systems 
where both term specificity and contextual relevance are important. 
 
Keywords – TF-IDF, BERT, Text Classification, Information Retrieval, Hybrid Model, Semantic 
Embedding, Neural Network

I. INTRODUCTION 
Natural Language Processing (NLP) has an 

important role in enabling machines to interpret 
and process human language for tasks such as 
information retrieval and text classification. 
Accurate text representation is fundamental to the 
success of these tasks. Traditional methods like 
Term Frequency-Inverse Document Frequency 
(TF-IDF) have long been used due to their 
simplicity and effectiveness in representing term 
importance [1]. However, these methods are 
limited in capturing the semantic and contextual 
meaning of language, leading to performance 
issues in complex NLP tasks. On the other hand, 
deep learning models such as Bidirectional 
Encoder Representations from Transformers 
(BERT) have demonstrated a better performance 
by understanding the contextual relationships 
between words in a sequence, thus enabling 
better text understanding.  

TF-IDF has been widely adopted in IR 
systems due to its effectiveness in term-level 
statistical analysis [2]. Despite its popularity, its 
inability to understand context within a document 
limits its performance on complex linguistic 
tasks. To address this, models like BERT utilize 
deep bidirectional transformers to learn 
contextual representations of words and 
sentences, significantly enhancing performance 
across various NLP benchmarks including 
question answering and document ranking [3][4]. 

Recent developments in IR have leveraged 
dense representations from models like BERT for 
semantic search and document matching [5][6]. 
Studies such as [7] demonstrate that integrating 
contextual embeddings into ranking systems can 
significantly boost relevance modeling. 
Furthermore, Nogueira et al. show how BERT 
can improve re-ranking effectiveness in passage 
retrieval tasks [8]. Yang et al. present simple yet 
effective applications of BERT in ad hoc 
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retrieval, reinforcing its adaptability to diverse IR 
tasks [9]. 

However, while BERT excels at capturing the 
contextual meaning of words, it may 
underemphasize the importance of exact term 
matches which is a strength of traditional 
statistical approaches like TF-IDF. To bridge this 
gap, hybrid models combining statistical and 
contextual features are developed. Lin et al. 
highlight the potential of integrating pre-trained 
transformers with traditional signals to enhance 
ranking performance [10]. Moreover, the BEIR 
benchmark, developed by Thakur et al., supports 
evaluating hybrid models across heterogeneous 
datasets and demonstrates the effectiveness of 
combining retrieval paradigms [11]. 

Recent efforts in dense retrieval models have 
focused on pretraining and optimizing contextual 
embeddings for semantic matching. Gao and 
Callan [12][14] proposed corpus-aware language 
model pretraining, showing that language models 
tailored to the domain can significantly improve 
dense retrieval results without requiring 
extensive supervised data. Likewise, Zhan et al. 
[15] highlighted the importance of hard negatives 
in training dense models, enabling them to learn 
more effective decision boundaries for relevance. 
These advances validate the importance of fine-
tuning semantic embeddings, but they still 
underutilize lexical signals like those found in 
TF-IDF. 

Hybrid retrieval models remain relatively 
underexplored in comparison to dense-only 
methods, even though fusion strategies may offer 
improved robustness. For example, Qu et al. [16] 
introduced RocketQA, an optimized training 
framework for dense passage retrieval, but did 
not integrate traditional IR features like TF-IDF. 
Xiong et al. [17] proposed an efficient contrastive 
learning method, yet similarly focused solely on 
neural representations. In contrast, the model 
proposed in this study bridges statistical and 
semantic paradigms through a feature-level 
fusion strategy that balances term specificity with 
contextual understanding. 

Furthermore, emerging techniques such as 
multiview and topic-aware training have 
demonstrated promise in improving 
generalization across domains. Ma et al. [18] 
introduced a multi-granularity view approach to 
dense retrieval, while Hofstätter et al. [19] 

presented a sampling strategy that enhances topic 
coverage during training. These approaches 
suggest that hybrid and diversified representation 
schemes can better address real-world IR 
scenarios. By combining TF-IDF and BERT 
features in a weighted manner, this study 
contributes to filling the gap in fusion-based IR 
models and aligns with current efforts to improve 
retrieval robustness. 

Despite the promise of hybrid approaches, 
many existing works focus on dense 
representations alone or offer limited insights 
into effective fusion strategies between statistical 
and contextual features. Furthermore, evaluations 
are often conducted on limited datasets, which 
restrict the understanding of their generalization 
capabilities in real-world applications. 

This study proposes a novel hybrid model that 
integrates TF-IDF statistical features with BERT 
semantic embeddings via a weighted feature-
level fusion strategy. By reducing TF-IDF vector 
dimensions and aligning them with BERT 
embeddings, the proposed method creates a 
unified vector representation that captures both 
explicit keyword importance and deep contextual 
semantics. This dual-layer representation is then 
fed into a fully connected neural network for 
binary classification in an information retrieval 
context. The model is evaluated on the CISI 
benchmark dataset and demonstrates improved 
classification accuracy compared to standalone 
TF-IDF and BERT models. 

The main objective of this study is to develop 
and evaluate a hybrid text representation model 
that combines TF-IDF and BERT for improved 
performance in information retrieval tasks. The 
goal is to leverage the complementary strengths 
of statistical and contextual representations to 
enhance relevance prediction accuracy. 

II. RESEARCH METHODOLOGY 
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Fig. 1 Research Flow Diagram for TF-IDF + BERT Combination 

Methodology. 
 

Figure 1 shows the flow of this research. This 
research used the CISI dataset [20], which 
contains classic query-document pairs for 
information retrieval tasks, it is a collection of 
information science research articles and queries 
commonly used for evaluating information 
retrieval and document ranking systems 
(https://ir.dcs.gla.ac.uk/resources/test_collection
s/cisi/). The research involves several steps which 
includes Data preprocessing, question-answer 
pair generation, TF-IDF vectorization and 
dimension reduction, BERT embedding, 
combining BERT and TF-IDF, dataset splitting, 
model architecture development, model training, 
and model evaluation. The methodological steps 
are outlined as follows. 
 
A. Dataset Description 

The experiment in this study uses the CISI 
dataset, a well-known collection in the field of 
information retrieval. The dataset consists of 
scientific document abstracts and user queries. 
The dataset contains three main files: CISI.ALL, 
CISI,QRY, and CISI.REL. CISI.ALL contains 
1460 document abstracts, each with a unique ID 
and content. Table 1 shows the sample of 
document content. CISI.QRY contains 112 user 
queries related to the documents. Table 2 shows 
a sample of the user query. CISI.REL contains 
3114 relevance data that maps each query to its 
corresponding relevant documents. Table 3 

shows the sample of relevance judgement 
documents.  

 
Table 1. Sample content of CISI.ALL file 

Document 
Id Document 

1 
18 Editions of the Dewey Decimal 
Classifications Comaromi, J.P. The present 
study is a history of... 

2 Use Made of Technical Libraries Slater, M. This 
report is an analysis of 6300 acts of use in 104... 

3 
Two Kinds of Power An Essay on Bibliographic 
Control Wilson, P. The relationships between 
the... 

4 
Systems Analysis of a University Library; final 
report and research project Buckland, M.K. 
The... 

5 
A Library Management Game: a report on a 
research project Brophy, P. Although the use of 
games in pr... 

 
Table 1 presents a sample of the content from 

the CISI.ALL file, which is a component of the 
CISI test collection. The table includes severa 
entries, each comprising a unique Document ID 
and the corresponding text excerpt from the 
document. These excerpts illustrate the variety 
and structure of bibliographic content found in 
the dataset, which typically includes titles, author 
names, and partial abstracts. The dataset is 
valuable for evaluating information retrieval 
algorithms due to its structured and semantically 
rich textual data. 
 

Table 2. Sample content of CISI.QRY file 
Query Id Query 

1 
What problems and concerns are there in making 
up descriptive titles? What difficulties are 
involved... 

2 
How can actually pertinent data, as opposed to 
references or entire articles themselves, be 
retrieve... 

3 What is information science?  Give definitions 
where possible. ... 

4 
Image recognition and any other methods of 
automatically transforming printed text into 
computer-rea... 

5 
What special training will ordinary researchers 
and businessmen need for proper information 
manageme... 

 
Table 2 shows a sample of the CISI.QRY file, 

which contains user queries used for evaluating 
information retrieval systems. Each entry 
includes a Query ID and the corresponding 
question or search request. These queries reflect 
typical information needs in the field of library 
and information science, making the dataset 
useful for testing and benchmarking retrieval 
performance. 
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Table 3. Sample content of CISI.REL file 
Relevance 

Judgement Id 
Query 

Id Relevant Docs Id 

1 1 [1281, 650, 1162, 524, 269, 1164, 783, 
894, 150, 28] 

1 2 [669, 29, 670, 674, 429, 690, 692, 309, 
695, 700] 

1 3 [640, 131, 1027, 133, 901, 136, 138, 
140, 909, 911] 

1 4 [321, 420, 329, 332, 980, 310, 601, 
315] 

1 5 [642, 648, 137, 1035, 525, 400, 528, 
32, 692, 56] 

 
Table 3 displays a sample of the CISI.REL 

file, which provides relevance judgments used in 
evaluating information retrieval systems. Each 
row links a query (identified by a Query ID) to a 
list of relevant document IDs, based on expert 
judgment. This mapping is essential for assessing 
how well a retrieval system can return documents 
that match user needs. 
 
B. Data Preprocessing 

The text data was preprocessed by converting 
all characters to lowercase, removing 
punctuation, collapsing newlines and multiple 
spaces. Figure 2 shows the implementation of the 
data preprocessing. Lowercase conversion is 
done using lower() function from python. Next, 
multiple spaces are then converted to single space 
using regex re.sub(r'\s+', ' ', text). Finally, the 
newline character is then converted into spaces. 
Converting multiple spaces and newline 
characters into space is to reduce the dataset 
complexity. Further data preprocessing is not 
performed to pertain to the context of the 
sentences because BERT embedding will be used 
in this research.  

 
Fig. 2 Data Preprocessing Implementation. 

C. Relevance Pair Generation 
Query-document pairs were created with 

binary relevance labels (relevant or not relevant) 
to serve as training samples for classification. 
Each pair was treated as an input unit for 
embedding and modeling stages. 

Table 4 shows the sample of question-answer 
pairs. Relevance judgement is shown in column 
Relevant represented by 1 (relevant) and 0 (not 
relevant). In this study, there are a total 6228 pairs 
with 3114 pairs relevant and 3114 pairs not 
relevant.  

 
Table 4. Sample content of CISI.REL file 

No Question - Answer Pair Relevant 

1 (What problems and concerns are there?, 
Relative Effectiveness of Document…) 1 

2 (What problems and concerns are there?, 
Information Value of VINITI-published…) 0 

3 
(What problems and concerns are there?, 

Relative Effectiveness of Titles, Abstracts, and 
Subject …) 

1 

4 (What problems and concerns are there?, 
Principles of Selective Information Servicing…) 0 

5 (What problems and concerns are there?, On 
basic features of information retrieval…) 1 

 
D. Feature Extraction. 

This step transforms each query-document 
pair into numerical feature vectors. The text is 
independently embedded using two methods: TF-
IDF for statistical term weighting and BERT for 
semantic contextual representation. After 
vectorization, the extracted features are 
combined to be used for classification models. 
The following is the details of the feature 
extraction process.  

● TF-IDF Vectorization: Each query and 
document was independently transformed 
into a 5,000-dimensional sparse vector 
using TfidfVectorizer. The max_feature 
parameter is set to 5000 to decrease the 
complexity of the dataset and increase 
model performance. This will limit the 
vocabulary size to 5,000 and enough to 
capture most frequent terms across the 
dataset. Other tests using higher 
max_feature shows that the performance 
is not better than max_feature 5000. The 
vectors of queries and documents were 
concatenated and formed a 10,000-
dimensional feature vector. Figure 3 
shows the implementation of TF-IDF 
vectorization. 

● Dimensionality Reduction: To align with 
BERT's vector size and minimize 
computational load, Truncated SVD was 
applied, reducing the TF-IDF vector to 
768 dimensions. Figure 4 shows the 
implementation of dimensionality 
reduction of the TF-IDF vector.  

● BERT Embedding: Contextual 
embeddings for queries and documents 
were generated using the all-MiniLM-L6-
v2 model from SentenceTransformers 
library. Each text was encoded into a 384-
dimensional vector. Queries and 
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documents vectors are concatenated and 
create a 768-dimensional vector. Figure 5 
shows the implementation of BERT 
embedding.  

● Feature Combination: The reduced TF-
IDF vectors and BERT embeddings were 
combined by using weighting. The 
following is a formula to combine TF-
IDF and BERT vectors.  
 𝑐𝑜𝑚𝑏𝑖𝑛𝑒𝑑_𝑣𝑒𝑐𝑡𝑜𝑟 =  𝑏𝑤 𝑥 𝑏𝑣 + 𝑡𝑤 𝑥 𝑡𝑣 (1) 
where: 
- bw: weight of BERT  
- bv: BERT vector 
- tw: weight of TF-IDF 
- tv: TF-IDF vector. 

 
In this research BERT weight is set to 0.9 
and TF-IDF is set to 0.1. Based on 
experiment, this combination gives the 
best result. Figure 6 shows the 
implementation of feature combination.  

 

 
Fig. 3 TF-IDF vectorization implementation. 

 

 
Fig. 4 TF-IDF dimensionality reduction using SVD 

 

 
Fig. 5 BERT embedding implementation 

 

 
Fig. 6 Feature combination implementation 

 
E. Dataset Split 

This step split the dataset into test and training 
data. In this research the dataset is split into 80% 
training data and 20% testing data. The 
train_test_split function from sklearn is used to 
split the data. Stratify parameter is used to 
maintain the same proportion of labels in training 
and testing data. Figure 7 shows the 
implementation of dataset split. 

 
Fig. 7 Dataset split implementation 

 
F. Model Architecture Development 

The model is developed using Fully 
Connected Neural Network (FCNN) that contains 
several layers. Figure 8 shows the 
implementation of the architecture. The 
architecture consists of the following layers: 

1. Input layer: Accepts input of shape equal 
to the dimension of the feature vector. In 
the research, it accepts 1,536 features 
(768 from TF-IDF + 768 from BERT). 

2. First hidden layer: A dense layer with 
256 neurons.It uses the ReLU (Rectified 
Linear Unit) activation function to 
introduce non-linearity. 

3. Dropout layer: A Dropout layer with a 
dropout rate of 30%. It helps to prevent 
overfitting by randomly disabling 
neurons during training. 

4. Second hidden layer: A dense layer with 
64 neurons, also using ReLU activation. 
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5. Output layer: A dense layer with 1 
neuron and sigmoid activation. Outputs a 
probability between 0 and 1, suitable for 
binary classification (relevant vs. not 
relevant). 
 

 
Fig. 8 Model architecture implementation 

 
G. Model Training 

The fully connected neural network was 
trained using the processed and labeled query-
document pairs. The model was trained for 100 
epochs with a batch size of 64. Throughout the 
training, the model achieved training accuracy of 
97.43% in the final epoch. Figure 9 shows the 
model training implementation and Figure 10 
shows the training result. 

 
Fig. 9 Model training implementation 

 

 
Fig. 10 Model training result 

 
 
 
 

H. Model Evaluation 
After training, the model's performance was 

evaluated using the test set, which consisted of 
20% of the total data. The evaluation measured 
both the loss and the classification accuracy. The 
final evaluation achieve a test accuracy of 0.8002, 
indicating that the model correctly predicted the 
relevance of query-document pairs in 
approximately 80% of cases.  This result 
demonstrates that the model generalized well to 
unseen data and did not suffer from overfitting. 
Figure 11 shows the implementation of model 
evaluation and its result.  

 
Figure. 11 Model training result 

III. RESULTS AND DISCUSSION 
This study evaluated the performance of three 

approaches in information retrieval tasks: TF-
IDF, BERT, and a combination of TF-IDF and 
BERT. The evaluation was conducted based on 
accuracy performance metrics for both training 
and testing datasets. The experiment was 
conducted using different types of vectorization 
which are TF-IDF only, BERT only, and 
combination of  TF-IDF and BERT. 

Table 1. Accuracy Result 
Method Training Testing 

TF-IDF 0.9777 0.7376 

BERT 0.9671 0.7777 

TF-IDF + BERT 0.9743 0.8002 

Table 1 shows the result of TF-IDF, BERT, 
and TF-IDF+BERT result. The TF-IDF method 
achieved a high training accuracy of 0.9777 but 
showed a lower testing accuracy of 0.7376, 
indicating potential overfitting and limitations in 
generalizing to unseen data. In contrast, the 
BERT model demonstrated more balanced 
performance with a training accuracy of 0.9671 
and a higher testing accuracy of 0.7777, 
suggesting stronger generalization capabilities 
due to its contextual understanding of language. 

The fusion approach, which combined the 
strengths of both TF-IDF and BERT, delivered 
the most optimal results with a training accuracy 
of 0.9743 and the highest testing accuracy of 
0.8002. This indicates that integrating lexical-
based statistical features from TF-IDF with 
semantic-rich embeddings from BERT can 
enhance model robustness and performance on 
diverse data. 

These findings confirm the original objective 
of the study—to explore whether a hybrid 
approach could outperform individual models in 
information retrieval tasks. The results 
scientifically support the hypothesis that feature-
level fusion enables the model to leverage both 
local and contextual textual representations, 
leading to improved accuracy. 

Compared to methods which focus on either 
traditional TF-IDF-based models or deep 
learning models like BERT separately, our 
findings demonstrate that a synergistic 
combination can have good results. While BERT 
alone has been shown to outperform classical 



JISA (Jurnal Informatika dan Sains)   e-ISSN: 2614-8404 
 Vol. 08, No. 01, June 2025   p-ISSN: 2776-3234  
        
   

 
JISA (Jurnal Informatika dan Sains) (e-ISSN: 2614-8404) is published by Program Studi Teknik Informatika, Universitas Trilogi 
under Creative Commons Attribution-ShareAlike 4.0 International License.  

  14 
 

methods in many NLP tasks, the addition of TF-
IDF still provides valuable discriminative 
features, especially in domains with sparse or 
keyword-driven data. 

In summary, the combination method between 
TF-IDF and BERT provides practical 
implications for improving retrieval performance 
in real-world applications. 

IV. CONCLUSION 
This research aimed to enhance information 

retrieval performance by combining traditional 
TF-IDF features with deep contextual 
representations from BERT. The proposed 
combination approach successfully outperformed 
individual models, demonstrating that integrating 
lexical and semantic information leads to 
improved generalization and classification 
accuracy. This work advances the current state of 
knowledge by offering a hybrid architecture that 
leverages the complementary strengths of 
statistical and deep learning methods, providing a 
more robust solution for text classification tasks. 
The findings highlight the potential of feature 
fusion in real-world information retrieval 
systems, particularly in applications where both 
keyword specificity and contextual understnding 
are crucial. Future work may explore integrating 
additional feature extraction methods or using 
attention mechanisms to dynamically weight the 
contribution of each representation, as well as 
validating the approach on larger and more 
diverse datasets to further assess scalability and 
adaptability. 
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Abstract − Air pollution in DKI Jakarta is an important issue and has a negative impact on public health. This study applies the naive 
Bayes algorithm to classify air quality, Utilizing the SMOTE technique effectively addresses the issue of data imbalance. The data 
analyzed came from air pollution index data from 2022 to 2024, taken from five air monitoring stations in Jakarta. The analysis process 
was carried out following the CRISP-DM stages, starting from understanding the problem to evaluating the model. The results showed 
that SMOTE succeeded in increasing prediction accuracy in fewer classes. Without SMOTE, the model accuracy reached 90% but 
appeared biased towards fewer classes, with a recall value of only 0.75 and a precision of 0.62. While SMOTE, the model accuracy 
became 88%, with a precision value of 0.86, recall 0.87, and f1-score 0.87, which showed more balanced results across classes. 
 
Keywords – classification, naive bayes, SMOTE, ISPU, data mining

I. INTRODUCTION  
Air pollution is a major issue that has a negative impact 

on human health, ecosystems, and infrastructure, especially 
in urban areas. Transportation, industrial, and other 
activities are the main causes of air pollution [1]. Air 
pollution is a global challenge that is concerning across 
various countries, one of which is Indonesia. Jakarta as the 
largest metropolitan city is known to have a fairly high 
level of air pollution. In early October 2024, air pollution 
in DKI Jakarta entered the "unhealthy" category, based on 
the Air Quality Index at 160 and a PM2.5 concentration of 
68.7 µg/m³. This figure is 13.7 times higher than the WHO 
safe limit [2]. The standard recommended by the World 
Health Organization is 5 µg/m³ [3]. Greenpeace recorded 
around 7,390 premature deaths and 2,000 low birth weight 
babies due to exposure to air pollution. Children, the 
elderly, and people with comorbidities are the most 
vulnerable to the impacts [4]. 

 
The problem of air pollution in DKI Jakarta can be 

stated as the toughest and most complex challenge faced by 
the government [5]. The Indonesian government based on 
decree on Environmental Impact Management Agency 
(Bapedal) Number KEP-107/Kabapedal/11/1997 has 
prepared steps to overcome environmental impacts, namely 
deciding that the Air Pollution Standard Index is a tool for 
assessing air quality in an area and its effects on human 
health, animals, plants, as well as aesthetic value. The Air 
Pollution Standard Index is a value without a unit that 
indicates the state of ambient air quality at a certain location 
and time, in order to assess its effects on human health, 
aesthetics, and other living things [6]. 

 
Determining the ISPU level can be done by applying 

classification methods in data mining as an efficient 
solution [7]. Data mining is a method used to obtain new 
information from a group of data by identifying certain 
patterns and rules obtained from large data sets [8]. The 
application of data mining is one solution to analyze air 

quality in DKI Jakarta using a classification technique 
approach. 

 
Based on research conducted by Lasulika [9]. About 

Comparison of Naive Bayes, Support Vector Machine and 
K-Nearest Neighbor to Find the Highest Level of Accuracy 
in Smoothness of Cable TV Payment. The results of the 
study stated that naive bayes produced the highest level of 
accuracy of 96% and AUC of 0.99, while K-NN obtained 
an accuracy of 92% at K=3 and SVM provided an accuracy 
of 66% and an AUC value of 0.786. Then by Arnap [10] 
conducted a study on Improving SQL Injection Attack 
Detection Using Naive Bayes and SMOTE Methods on 
Imbalanced Datasets. Producing an accuracy rate of 
99.50%, f1-score of 99.50%, precision of 99.50% and recall 
of 99.50%, this shows that the SMOTE technique is 
effective in balancing classes in the dataset and improving 
SQL injection attack detection. 

 
Another research by Nurhariza [11] namely the 

Implementation of the Niave Bayes Algorithm for 
Classification to Determine Student Achievement Based on 
Average Values, produced an accuracy of 98%, 100% 
precision and 98% recall. Next, Kurniadi [12]conducted a 
study on the Classification of Village Fund Direct Cash 
Assistance Recipients Using Naïve Bayes and SMOTE. His 
study conducted a comparison that produced an accuracy 
value of 97.07% for the naïve bayes model without 
SMOTE, while with SMOTE it increased to 97.80%, 
precision of 96.67%, and recall of 99.02%. 

 
Based on the previous explanation, the purpose of this 

study is to analyze the performance of the naïve Bayes 
algorithm using the SMOTE technique in classifying air 
pollution in DKI Jakarta. It is expected that this study can 
produce a more accurate classification to support the 
decision-making process in managing and overcoming air 
pollution efficiently 
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II. METHODOLOGY 
 
A. Reseacrch Stages 

This study utilizes the research stages of a data mining 
series known as CRISP-DM. In research [13] according to 
Laroske, CRISP-DM is a standard data mining process used 
to solve general problems in research or business. CRISP-
DM is an approach that uses a data development stage 
model that is often applied by experts in solving a problem 
[14]. The CRISP-DM method consists of six stages, namely 
Business Understanding, Data Understanding, Data 
Preparation, Modeling, Evaluation, and Deployment. 
 

 
 

 
Fig 1. CRISP-DM methodology 

 
1. Business Understanding 

The first stage is to understand or analyze the problems 
that need to be solved in business. In this process, 
understanding is carried out on the monitoring of DKI 
Jakarta's air quality as a whole, so that accurate information 
is obtained. 
 
2. Data Understanding 

The second process includes data collection, data 
analysis and explanation, and identification of problems 
related to the data. The data collection process was obtained 
from the website http://satudata.jakarta.go.id about the DKI 
Jakarta Air Pollution Standard Index data in excel format. 
The data used covers the years 2022 to 2024  Each row of 
data describes the results of daily ISPU monitoring with the 
main attributes being the monitoring date, monitoring 
station, pollutant parameters such as PM10, PM2.5, CO, 
NO2, O3, SO2, and air quality category. Which were taken 
from collected five air quality measurement stations in DKI 
Jakarta, namely DKI1 Bundaran HI, DKI2 Kelapa Gading, 
DKI3 Jagakarsa, DKI4 Lubang Buaya, and DKI5 Kebon 
Jeruk. The reason for choosing these three years is because 
the time difference is not too far from the implementation 
of this research and can provide a more accurate picture of 
the current situation. 
 
3. Data Preparation 

In the third step, it includes the process of compiling the 
final dataset that will be used as input in data mining 
modeling. The data preparation process is carried out as 
follows:  
1) Attribute Selection, namely the process of selecting the 

most relevant attributes such as CO, O3, SO2, NO2, 
PM10, PM2 and categories. 

2) Transformation data, which is the process of changing 
the format or structure of data according to modeling 
such as recategorization and coding of categorical 
features. 

3) Data Cleaning, which is the process of cleaning data 
that has the potential to interfere with modeling 
analysis, such as handling missing values and outliers. 

4) Balancing Data is the process of equalizing the 
distribution of classes in a dataset so that the quantity of 
samples in every class becomes more balanced, such as 
the SMOTE technique which is applied to balance the 
distribution of datasets in minority classes by creating 
minority datasets so that the number is the same as the 
dataset in the majority class [15]. The SMOTE equation 
can be seen in equation (1). 

 𝑋𝑛𝑒𝑤 = 𝑋𝑖 + (𝑋𝑖 ̂ − 𝑋𝑖) ×  𝛿  (1) 

5) Data Division, which is the stage of separating the 
dataset into training data and test data with a certain 
ratio such as 80:20. 

 
4. Modeling 

In the modeling stage, the selected algorithm model is 
applied to the dataset. The data mining modeling process 
applied is naive bayes gaussian. The naive Bayes algorithm 
has superior performance in performing classification, 
especially in terms of the accuracy of the classification 
results produced [16]. The function of naive bayes gaussian 
is to calculate data attributes that have continuous 
properties directly [17]. The naive bayes gaussian equation 
can be seen in equation (2). 
 (𝑋𝑖 = 𝑥𝑖|𝑌 = 𝑦𝑗) = ଵඥଶగఙ௜௝ 𝑒 (௫௜ିఓ )²ଶఙ²௜௝   (2) 
 

One method to build a simple model is to assume that 
the data follows a Gaussian distribution with no covariance 
between dimensions. Thus, the model can be created 
simply by calculating the average and standard deviation of 
the data for each label. 

 
 

Fig 2. How the naive bayes gaussian classification 
works (www.researchgate.net) 

 
Figure 2 illustrates how the naive bayes gaussian works, 

where each data point is calculated its z-score value against 
the class mean, which is the difference between the data 
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value and the class mean divided by the class standard 
deviation. Therefore, the naive bayes gaussian uses a 
slightly different approach and is quite effective in handling 
continuous data. Furthermore, the classification process is 
carried out for each attribute by referring to Bayes' 
Theorem, where new information is obtained through the 
calculation of the statistical probability of each attribute. 
 
5. Evaluation 

At the evaluation stage, an analysis is carried out on the 
accuracy of the results of the data processing process that 
has been applied. The evaluation process uses a confusion 
matrix that specifically describes the performance of the 
model. In this matrix, each row denotes the actual data 
class, while each column signifies the predicted data class 
[18]. 

 
Table 1. Confusion matrix 

Actual 

Values 

Predicted Values 

Positive Negative 

Positive True Positive 

(TP) 

False Negative 

(FN) 

Negative False Positive 

(FP) 

True Negative 

(TN) 

 
1) Accuracy 

The total count of frequencies accurately classified by 
the model. The mathematical equation for accuracy is 
given in formula 3. 

 ்௉ା்ே்௉ାி௉ାிேା்ே   (3) 
 

2) Precision 
When a model makes a positive prediction, the accuracy 
of that prediction indicates how often the result is 
correct. The mathematical equation for precision is 
given in formula 4.   

 ்௉்௉ା𝐹𝑃    (4) 
 
3) Recall 

When the actual class has a positive value, this metric 
measures the extent to which the model correctly 
predicted positive. The mathematical equation for recall 
is in equation 5. 

 ்௉்௉ା    (5) 
 

4) F1-Score 
This harmonic mean value is obtained by precision and 
recall. The mathematical equation of f1-score is found 
in equation 6. 

 ଶ(ோ௘௖௔௟௟∗௉௥௘௖௜௦௜௢௡)(ோ௘௖௔௟௟ା௉௥௘ )   (6) 
 
B. Indeks Standar Pencemaran Udara 

Indeks Standar Pencemaran Udara (ISPU) is a 
parameter applied to measure air quality by indicating the 
level of pollution due to the influence of chemical 
substances and particles in the atmosphere [19]. The 
calculation of ISPU is based on the upper and lower 
threshold values for ambient, as well as ambient 
concentrations obtained from measurement results using 
the following mathematical formula: 

 𝐼 =  ூ௔ିூ௕௫௔ି௫௕  (𝑋𝑥 − 𝑋𝑏) + 𝐼𝑏  (7) 
 
The upper bound value of ISPU (Ia) is set at 100, while 

the lower bound value of ISPU (Ib) is set at 50. The ambient 
concentration for the upper limit (Xa) and lower limit (Xb) 
is obtained from the ISPU parameter concentration 
conversion table, with different Xa and Xb values 
depending on each parameter. Meanwhile, the actual 
ambient concentration value (Xx) is calculated based on the 
average ambient concentration during 24 hours of 
measurement.[20]. The air pollution index value has 
various categories which are used to measure the level of 
air pollution detected in Figure 3. 

 

 
 

Fig 3. ISPU Category (www.climate4life.info) 
 
Figure 3 illustrates the air quality classification system 

based on the ISPU standard issued by the Ministry of 
Environment and Forestry of the Republic of Indonesia. Air 
quality is classified into five levels based on the ISPU 
value: Good (1–50), Moderate (51–100), Unhealthy (101–
200), Very Unhealthy (201–300), and Hazardous (≥301). 
Each category is marked with a certain color as a visual 
indicator, namely green for Good, blue for Moderate, 
yellow for Unhealthy, red for Very Unhealthy, and black 
for Hazardous. 

III. RESULTS AND DISCUSSION 
 

1. Business Understanding 
DKI Jakarta air quality monitoring is carried out to 

obtain data that supports the air quality classification 
process. The data obtained provides accurate information 
on the level of air pollution based on the air pollution 
standard index and its impact on health due to exposure to 
pollution, so that it can help the community and 
government in making decisions based on current 
conditions. 

 
2. Data Understanding 

The total data successfully collected was 3,506 Air 
Pollution Standard Index data for 2022-2024, with details 
of 321 data in the good category, 269 data in the moderate 
category, 482 data in the unhealthy category and 4 data in 
the very unhealthy category. 
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Fig 4. Air Quality Dataset 
 
 

3. Data Preparation 
Data Preprocessing includes attribute selection, Data 

Transformation, Data Cleaning, Data Balancing, and Data 
Splitting. 
1) Attribute Selection 

Based on the dataset from 2022 to 2024, there are 11 
attributes shown in Figure 4. However, only 7 attributes 
are used in the classification, namely the categories 
PM10, PM2.5, SO2, CO, O3, NO2 and the category. 
 

 
Fig 5. Dataset after attribute selection 

 
2) Transformasi Data 

Data transformation is carried out through two 
processes, namely recategorization, combining several 
categories into one, and categorical feature coding, 
converting categorical data into a numeric format. 

a) Recategorization 
Recategorization is done by combining the “very 
unhealthy” category into the “unhealthy” category 
because it only has 4 data that have little influence on 
the model. This recategorization is done to overcome 
data limitations, so that it can maintain model 
performance and increase the effectiveness of the 
SMOTE technique. 

 

 
Fig 6. Before re-categorization 

 

 
Fig 7. Re-categorization results 
 

b) Encoding Categorical Feature 
Categorical feature encoding is done by changing the 
category parameter numbers that were originally strings 
into numeric types. In this case, the categorical labels 
“good”, “moderate”, and “unhealthy” are changed to 2, 
1, and 0. 

 

 
 

Fig 8. Results of encoding categorical features 
 

3) Data Cleaning 
Data cleaning is carried out to clean data that has the 
potential to interfere with analysis and modeling. One 
of the main focuses in this process is handling data with 
“-“ values and outliers so that the data is cleaner and 
ready for analysis. 

 

 
 

Fig 9. Dirty air quality data 
 

In row 647, pm_10 column, there is data with the value 
"-", likewise in row 649 there is data with the value "-" 
in the so2, co, o3 and no2 columns. Data with the value 
"-" is converted to NaN to facilitate the calculation of 
missing data. The missing numbers are then overcome 
by filling in using the median of each parameter. 

 



JISA (Jurnal Informatika dan Sains)   e-ISSN: 2614-8404 
 Vol. 08, No. 01, June 2025   p-ISSN: 2776-3234  
        
    

 
JISA (Jurnal Informatika dan Sains) (e-ISSN: 2614-8404) is published by Program Studi Teknik Informatika, Universitas Trilogi 
under Creative Commons Attribution-ShareAlike 4.0 International License.  

  20 
 

 
 

Fig 10. Missing Value filled with median 
 

In Figure 10, there is no "-" data because it has been 
replaced using the median of each parameter. The 
median value used for each parameter is pm_10 has a 
median value of 55, pm_duakomalima has a median 
value of 78, so2 is 42, co is 13, o3 is 26 and no2 is 20. 

 

 
 

Fig 11. Outlier checking 
 

In Figure 11, it can be seen that all parameters have 
outliers, parameters such as pm_10, pm_duakomalima, 
co, o3 and no2 have significant outliers, while the so2 
parameter is not very significant. Parameters that have 
extreme outliers are handled with the Interquartile 
Range (IQR). Outliers will be replaced with lower or 
upper limits so as not to eliminate data. 
 

 
 

Fig 12. After performing the Interquartile Range 
 

4) Balancing Data 
Data balancing is done using SMOTE which is a 
technique in data imbalance. 
 

Table 2. SMOTE Technique Results 
Class Original SMOTE 

0 486 2699 
1 2699 2699 
2 321 2699 

Total 3506 8097 
 
Category 0 is the minority class, while category 1 is the 

majority class, the SMOTE technique balances the data 
with the number of majority classes reaching 2699 data. 
 

5) Data Sharing 
The data obtained from the balancing process amounted 
to 2699 per category. As much as 80% was allocated as 
training data while 20% was test data. The results of the 
initial data division were 2804 for training data and 702 
testing data. Meanwhile, the outcomes of the division in 
the SMOTE method were 6477 training data and 1620 
test data. 

 
4. Modeling 

After the data preparation is complete, the next step is 
to perform the naive bayes gaussian algorithm modeling. In 
the modeling stage, two scenarios are created as in Figure 
12.  

 

 
 

Fig 13. Modeling scenario 
This study scenario intends to compare results of the 

naïve bayes gaussian classification algorithm on datasets 
that go through the SMOTE sampling technique process 
with datasets that do not use the SMOTE technique. Figures 
14 and 15 are the classification results. 

 

 
 

Fig 14. Naïve Bayes Gaussian + SMOTE results 
 

Figure 14 shows the train and test process the 
performance of the naïve Bayes model on the dataset that 
applies the SMOTE method. This stage produces an 
accuracy percentage of 0.88, with an f1-score of 0.88, 
precision of 0.88, and recall of 0.88. Although these results 
show a slight decrease in model accuracy, the distribution 
of precision, recall, and f1-score values between classes 
becomes more balanced. In minority class 2, there is a 
significant increase in performance, with a precision of 
0.86, a recall of 0.87, and an f1-score of 0.87. With this, it 
can be shown that the application of SMOTE has succeeded 
in increasing the ability of the naïve Bayes model to 
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recognize data in the minority class without significantly 
reducing model performance. 

 

 
 

Fig 15. Naïve Bayes Gaussian results without 
SMOTE 

 
Figure 15 shows the results of naïve bayes on a dataset 

that does not apply the SMOTE method. The model 
produces an accuracy percentage of 0.90, with a precision 
0.90, recall 0.90, and f1-score 0.90. However, in minority 
class 2, the values obtained tend to be lower than the other 
classes, namely precision of 0.62, recall of 0.75, and f1-
score of 0.68. This shows that the classification model is 
biased towards the majority class and is less than optimal 
in classifying the minority class. 

 
Table 3. Performance Comparison 

Metode Accuracy Precision Recall F1 - 
Score 

Naïve 
bayes + 
SMOTE 

88% 88% 88% 88% 

Naïve 
bayes 

90% 90% 90% 90% 

 
 
5. Evaluation 

The evaluation and comparison process is carried out to 
evaluate the performance of the classification model with 
naive bayes gaussian algorithm using a confusion matrix. 

 
 

Fig16. Confusion Matrix Naive Bayes + SMOTE 
 

Figure 16 shows the confusion matrix generated naive 
Bayes model test results that have applied the SMOTE 

method. The outcomes show that the model is able to 
predict classes 0 and 2 better and more balanced. 

 
 

Fig 17. Naive Bayes Confusion Matrix 
 

Figure 17 shows confusion matrix from the results of 
the naive Bayes test alone, which results in the model 
tending to be biased towards class 1, while the predictions 
for classes 0 and 2 are still low. 

.  

IV. CONCLUSION  
Based on the results of the research that has been 

conducted, the following are the conclusions that can be 
obtained: 
1. The application SMOTE successfully overcomes the 

imbalance of ISPU data by increasing the amount of 
data in the minority class. This makes the classification 
model, especially the naïve bayes gaussian algorithm, 
fairer in recognizing various classes. After SMOTE was 
applied, the prediction performance for the minority 
class increased, as indicated by the more balanced 
precision, recall, as well as f1-score values in every 
category compared to when not using SMOTE. 

2. Based on the evaluation results, the naïve bayes model 
devoid of using SMOTE has an accuracy of 90%, but 
its performance is biased towards the majority class, 
which can be seen in the low recall value of 0.75 and 
precision of 0.62 for minority class. After the SMOTE 
technique was applied, the accuracy did decrease 
slightly, namely 88%, but at a recall value of 0.87, 
precision 0.86 and f1-score 0.87 in the minority class 
increased. This shows that the model is more balanced 
in classifying each air quality class. 
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Abstract − Vehicular Ad-hoc Networks (VANETs) are dynamic wireless systems enabling vehicles to exchange data such as speed, 
location, and direction. A core component in VANETs is the routing protocol, with Ad-hoc On-Demand Distance Vector (AODV) 
being widely used. However, AODV struggles in highly dynamic environments, leading to reduced performance in throughput and 
end-to-end delay. This study proposes an improved AODV protocol using the Learning Automata approach (LA-AODV), which 
enhances relay node selection for better routing efficiency. The performance of LA-AODV is evaluated against standard AODV using 
NS-3 and SUMO simulations, focusing on key Quality of Service (QoS) metrics: throughput, packet delivery ratio, packet loss, and 
end-to-end delay. Simulation results show that LA-AODV significantly increases throughput (up to 90.84 Kbps) and reduces end-to-
end delay by 20–35%, while lowering communication complexity (15–25% fewer Flow IDs). However, LA-AODV suffers from higher 
packet loss (up to 62%) and lower delivery ratios (37–92%) compared to AODV. This performance trade-off highlights LA-AODV's 
improved data efficiency at the cost of reliability. To mitigate delivery issues, solutions such as buffer tuning, adaptive queuing, or 
hybrid protocols are suggested. Future research should address these challenges and examine LA-AODV's scalability in larger VANET 
deployments. 
Keywords –  V2V communication; AODV routing protocol; Connected Vehicle; LA-AODV; NS3 Simulation 
 

I. INTRODUCTION  
The development of communication technology has 
changed the transportation industry, especially in terms of 
personal vehicles such as automobiles [1]. Today, smart 
cars have been equipped with advanced technology that 
allows vehicles to communicate with each other. Utilizing 
Wi-Fi technology known as Dedicated Short Range 
Communication (DSRC), DSRC is a special form of 
wireless communication that operates over short distances 
and is commonly used for data exchange between 
vehicles[2]. In addition, research is also growing in the field 
of Vehicle-to-vehicle (V2V) communication on the 
Vehicular Ad-Hoc Network (VANET) [3]. VANET allows 
vehicles to communicate directly with each other over a 
peer-to-peer network  [4]-[5], [6]. Through V2V 
communication within the VANET network, vehicles can 
exchange information about position, speed, and direction 
of movement with other vehicles in the vicinity [5]. 
Measurement of distance between vehicles allows smart 
cars to detect precautions such as alerting the driver or even 
activating an automatic braking system to avoid 
collisions[6]. Thus, the driver can receive real-time 
information useful for running the vehicle safely and 
efficiently[7]. 
 

VANET technology has the potential to be a solution to 
overcome problems such as network traffic congestion[8], 
and identify more efficient network routes [9]-[10]. V2V 
communication in the VANET network has attracted 
significant attention from researchers, industry, and 
government due to its implementation which is important 
for improving vehicle safety in future generations[11]. The 
routing protocol is one of the key components in V2V 
communication in the VANET network to ensure effective 
and efficient data transmission between vehicles [12]. One 
of the commonly used routing protocols in Vehicle-to-

vehicle communication on VANET networks is the Ad-hoc 
On-demand Distance Vector (AODV). AODV[13] is a 
protocol that can be applied to large-scale ad hoc networks, 
where routes to destination nodes are always updated[14]. 
This is possible because AODV uses sequence numbers as 
well as memory for routing table processing and reduces 
link redundancy[15].  

 
The advantages of AODV as a simple routing protocol 

in V2V communication on the VANET network are 
indispensable because its implementation does not involve 
complicated algorithms[16],[17]. it exhibits significant 
limitations in dynamic vehicular environments. AODV is 
inherently reactive and lacks predictive mechanisms, which 
makes it ill-suited for rapidly changing network topologies 
caused by high vehicle mobility[18][19]. As vehicles 
frequently enter and leave communication ranges, AODV 
struggles to maintain stable routes, resulting in frequent 
link breakages and repeated route discoveries. These 
disruptions introduce high end-to-end delay, increase 
routing overhead, and degrade packet transmission 
reliability, especially under high-speed or high-density 
scenarios[20]. Furthermore, AODV does not consider 
vehicle speed, direction, or position when selecting relay 
nodes, leading to inefficient routing decisions and poor 
adaptation to network dynamics. These issues collectively 
limit its effectiveness in time-sensitive applications such as 
collision avoidance or cooperative driving [15]. To address 
this gap, this research proposes an enhanced AODV 
protocol, namely Learning Automata-based AODV (LA-
AODV), which incorporates machine learning methods to 
improve routing performance in dynamic V2V 
environments. Unlike conventional AODV, LA-AODV 
dynamically adapts to network conditions by optimizing 
relay node selection, reducing delay, and improving packet 
delivery rates.  
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This situation shows that the AODV routing protocol 
has not been optimally used in V2V communication on 
VANET networks involving fast and dynamic vehicle 
movements [21]. Therefore, further development and 
modification of this protocol is needed to create better and 
more effective solutions. One proposed modification of the 
AODV protocol is LA-AODV, which incorporates 
machine learning methods to improve the performance of 
the routing protocol. To measure routing protocol 
performance, metrics that reflect Quality of Service (QoS) 
are needed, such as Flow ID, Packet Loss Rate, Packet 
Delivery Ratio, Throughput, and End-to-End Delay[22]. 

Therefore, performance analysis of LA-AODV and 
AODV routing protocols is very important to determine 
which protocol is superior in V2V communication on 
VANET networks[23]. This analysis was run through NS3 
and SUMO simulation software, to test routing protocol 
performance in various scenarios and V2V communication 
conditions on VANET networks  [16]-[17]. The purpose of 
this research is expected to be one of the valuable 
suggestions in the application and development of V2V 
communication routing protocols on VANET in the future, 
to provide more efficient and optimal communication 
services between vehicles.   

II. RESEARCH METHODOLOGY  
 
In this study, AODV protocol modifications were carried 
out by considering the parameters of speed, acceleration, 
and direction of the nearest node (neighbor node) to predict 
the actual position of the vehicle. Then, measurements of 
the communication quality index with all nearby vehicles 
are made before the set of relay nodes is selected until the 
maximum estimated time is reached. The Learning 
Automata-AODV (LA-AODV) steps are described in 
Figure 1. 

 

 
Fig 1. LA-AODV Methods[25] 

Figure 1 show the steps of AODV learning automata (LA-
AODV) in using AODV learning automata (LA-AODV) in 
an ad hoc vehicle network V2V communication. This 
figure assumes that the source node can detect the location 

of the neighbors and the destination node through the GPS 
service.  

 
Each vehicle uses independent computing power to 

predict its future location and then broadcasts the prediction 
to all neighboring nodes. This allows each node to have 
periodic information about the actual location of the 
vehicles, which serves as a starting point for determining if 
the node can be selected as a relay. However, in the NS-3 
simulation, there are limitations because NS-3 cannot use 
location services to determine the real-time location of each 
vehicle. Therefore, it is necessary to adjust by adding x and 
y coordinate fields to the HELLO package structure, as 
shown in Table 1. This change allows NS-3 to periodically 
update the vehicle's location within a defined prediction 
area. 
 

Table 1. Modification of HELLO Packet Structure on 
adaptive LA-AODV 

Dst IP 
Address 

Dst Sequence 
Number 

Hop Count 

Lifetime Speed 
Acceleration 

X y 
 

Table 1 explains that the HELLO packet structure of the 
LA-AODV protocol has been modified by adding x and y 
coordinates as coordinates on the two-dimensional map of 
the grid. In addition, the HELLO packet contains 
information about the vehicle's direction, speed, and 
acceleration on the source and destination nodes[26]. 
Target node coordinates can be recognized when the target 
node is stationary or stationary, where they remain in the 
same place for a certain period. With this information, each 
node can estimate the location of the vehicle in the future 
period and use that information to determine whether a  
particular node can become a relay node or not. 

2.1 Prediction of the Actual Location of the Vehicle 

The main step of LA-AODV focuses on predicting the 
actual location of the vehicle at the moment and three 
seconds ahead based on changes in speed and relative 
position of the vehicle. The table mentioned then describes 
the input and output variables involved in predicting those 
locations in general. Thus, the purpose of the explanation is 
to provide a brief overview of the primary steps of the LA-
AODV and the variables involved in predicting the location 
of the vehicle. 
 
 
 
 
 
 
 

 
Table 2. Input Output  of the Actual Prediction of the 

Proposed Vehicle 

Input Process Output 
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x and y 
coordinates  

Set the x and y 
coordinates on the 
grid map. 

Predict the actual 
location of a 
vehicle 

Vehicle speed Set the speed of the 
vehicle  at x and y 
coordinates  at time 
t 

Speed of each 
vehicle (v). 

Prediction of 
the actual 
location of the 
vehicle at time 
t 

Predicting the 
location  of x and y 
at time t  becomes 
input in calculating 
Prediction of the 
position of the x and 
y coordinates   at 
time t + 3  

Predicting the 
location of x and 
y coordinates  at 
time t+3 

 
Table 2 shows the input and output variables of the process 
to predict the actual location of the vehicle. The input 
variable contains the x and y coordinates of the vehicle and 
the speed of the vehicle at time t. While the output variable 
is the prediction of the actual location of the vehicle at time 
t + 1 and t + 3. Table 3 Show the pseudocode of LA-AODV 
 

Table 3. LA-AODV Pseudocode 
Algorithm 1. Learning 
Automata based-AODV 

1. FOR each entry j in m_ipv4AddressEntry 
2.        addr = j.first 
3.        rte = j.second 
4.  
5.        IF m_nb.IsNeighbor(addr) is true 
6.               nt++ 
7.               dx = m_x - rte.GetX() 
8.               dy = m_y - rte.GetY() 
9.               dis = sqrt((dx*dx) + (dy*dy)) 
10.               modSpeed = fs * abs(m_speed1 - 

rte.GetSpeed1()) 
11.               modAccel = fa * abs(m_accel1 - 

rte.GetAccel1()) 
12.               modDistance = fd * dis 
13.               TWR_total = modSpeed + 

modAccel + modDistance 
14.  
15.               IF addr is equal to 

m_ipv4.GetAddress(1, 0).GetLocal() 
16.                   reward = 1 
17.                   node.setSelected(true) 
18.               ELSE 
19.                   reward = 0.5 
20.                   node.setSelected(false) 
21.               END IF 
22.  
23.               delta_reward = reward - 

rte.getPrevReward() 
24.               rte.setWeight(rte.getWeight() + 

alpha * delta_reward) 
25.               rte.setPrevReward(reward) 
26.               TWR_total = TWR_total + 

(alpha * reward) 
27.       END IF 
28. END FOR 

 
The Learning Automata-based AODV algorithm show in 
Table 3 enhances the relay node selection process in 
VANETs by integrating adaptive learning techniques. It 
iterates through the IPv4 address table to analyze each 
neighbor node. For each node, the algorithm calculates the 
distance between vehicles, speed differences, and 
acceleration differences, applying weights to these metrics 
to compute a total weighted reward (TWR). If the node 
matches the local address, it is rewarded highly and marked 

as selected; otherwise, it receives a moderate reward. The 
reward difference is used to adjust the node's weight 
dynamically, ensuring that the algorithm prioritizes nodes 
with optimal mobility characteristics. This approach allows 
the protocol to adaptively optimize routing decisions based 
on real-time vehicular dynamics. The prediction process at 
time t is carried out using formulas in (1) and (2). 𝒑𝒓𝒆𝒅_𝒍𝒐𝒄𝒙= ෌ (𝒂𝒄𝒕𝒖𝒂𝒍_𝒍𝒐𝒄𝒙𝒊 ஸ 𝑵,𝒕 ஸ𝑴𝒊ୀ𝟏,𝒕ୀ𝟏 + (𝒗𝒕 . 𝒕) + ൫𝟏𝟐 (∆𝒗)൯ ∗ 𝟐) 

                    
(1) 

𝒑𝒓𝒆𝒅_𝒍𝒐𝒄𝒚= ෌ (𝒂𝒄𝒕𝒖𝒂𝒍_𝒍𝒐𝒄𝒙𝒊 ஸ 𝑵,𝒕 ஸ𝑴𝒊ୀ𝟏,𝒕ୀ𝟏 + (𝒗𝒕 . 𝒕) + ൫𝟏𝟐 (∆𝒗)൯ ∗ 𝟐) 

                    
(2) 

Eq (1) and (2) are used to predict the x and y -and 
coordinate location of a vehicle at time t. To calculate, the 
actual location of the vehicle on the x-axis will be added 
with the estimated average speed of the vehicle. The 
calculation is based on the position of the vehicle at time t pred_lok୶∆v୶pred_lok୶ multiplied by the difference in the 
speed of the vehicle while it is running at time t with the 
speed at the previous time, which is described in formulas 
(1) and (2).  

 
This process is repeated iteratively until it reaches M 

and is carried out by several N vehicles.v୲v୲ − 1. LA-
AODV calculates the predicted location of the vehicle at 
time t+3 on both axes. The 3-second prediction time was 
chosen to take into account the rapid network topology 
changes in the VANET environment, requiring adjustments 
to the prediction time duration. Formulas (3) and 4 
calculate the predicted location of the x and y coordinates 
of each vehicle at t + 3. 𝒑𝒓𝒆𝒅_𝒍𝒐𝒄𝒙ା𝟑= 𝒑𝒓𝒆𝒅_𝒍𝒐𝒄𝒙 +෍ ൬ቀ ∆𝒗𝒕𝒕  ቁ + ቀ 𝟏𝟐  (∆𝒗𝒕) ቁ ∗ 𝒕𝟐൰𝒕 ழ 𝑴𝒕 && 𝒕ା 𝟑  

               
(3) 

𝒑𝒓𝒆𝒅_𝒍𝒐𝒄୷ା𝟑= 𝒑𝒓𝒆𝒅_𝒍𝒐𝒄௬ +෍ ൬ቀ ∆𝒗𝒕𝒕  ቁ + ቀ 𝟏𝟐  (∆𝒗𝒕) ቁ ∗ 𝒕𝟐൰𝒕 ழ 𝑴𝒕 && 𝒕ା 𝟑  

                
(4) 

Eq (3) and (4) describe a way to predict the location of all 
vehicles at time t + 3 on the x and y axes. This prediction is 
based on the location of the vehicle at the previous time, 
i.e., as well as the acceleration and average speed of the 
vehicle at the previous time. pred_lok୶pred_lok୷v୲ିଷ. Each vehicle multicasts, so that 
information can be obtained from other vehicles in the 
vicinity (neighbor vehicles) and vice versa. After that, all 
information obtained from neighbor vehicles is 
accumulated to obtain the minimum predicted location 
value of all neighbor vehicles. This information is 
important for updating the routing table in each vehicle and 
is used as input to determine the state of the vehicle with 
the minimum distance and speed using formula (5) 
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𝒑𝒓𝒆𝒅_𝒂𝒄𝒄𝒙𝒚= 𝒑𝒓𝒆𝒅_𝒂𝒄𝒄𝒙𝒚𝑴𝑰𝑵 ቆ∑ ට൫|𝒑𝒓𝒆𝒅𝒍𝒐𝒄𝒙ା𝟑 − 𝒑𝒓𝒆𝒅_𝒍𝒐𝒄𝒙|൯𝟐 𝒊 ஸ𝑵,𝒕 ஸ𝑴𝒊ୀ𝟏,𝒕ୀ𝟏 − (|𝒑𝒓𝒆𝒅_𝒍𝒐𝒄𝒙ା𝟑 − 𝒑𝒓𝒆𝒅_𝒍𝒐𝒄𝒙|)𝟐ቇ (5) 

Eq (5) is used to find a minimum value that represents the 
ratio of changes in vehicle movement on the x and y axes 
at two predicted time intervals. The smaller the movement 
of the vehicle, the better, and vice versa the greater the 
range of movement the less optimal. 

2.2 Selection of a Set of Relay Nodes 

Eq (6) calculates the Threshold Vehicle State (TVS) on 
each vehicle in a V2V communication network by 
combining factors that have a certain weight. These factors 
include the difference in speed, acceleration, direction 
between the next vehicle and the destination vehicle, and 
the communication quality index. The total weight given to 
these factors, referred to as TWR_total, is set as 1 as seen 
in formula (6). 

𝑻𝑽𝑺𝒊 = ෍ 𝑵𝒊
𝒊ୀ𝟏 ቆ൫𝒘𝒗 ∗ (|𝒗𝒏 − 𝒗𝒅|)൯ + ൫𝒘𝒂 ∗ (|𝒂𝒏 − 𝒂𝒅|)൯ + ൫𝒘𝒅 ∗ (|𝒄𝒏 − 𝒄𝒅|)൯ + ൬𝒘𝒒 ∗ ቀ𝒄𝒐𝒎𝒎𝒒𝒖𝒂𝒍𝒊𝒕𝒚𝒊ቁ൰ቇ (6) 

 
Eq (6) describes how the selection of next-hop nodes is 
done by considering the average speed, acceleration, and 
direction of node I compared to the number of nodes 
present.  Calculated and used as a threshold to determine 
whether vehicle I is in optimal or suboptimal state. The 
vehicle is said to be optimal if it has the lowest value 
compared to the TVS of its neighboring nodes. Conversely, 
the vehicle is said to be less than optimal if it is above the 
minimum value of other nodes.TVS୧TVS୧ TVS୧ 
2.3 Learning Automata on AODV 

Eq (7) is the process of updating (∆_d) to the value of R in 
a V2V communication network at time t + 3. If a node is 
ignored, the R-value remains unchanged. However, if a 
node is selected, the R penalty will be added by 1 at this 
point. Conversely, if a node is selected and receives a 
reward, the updated R-value is calculated. 

∆𝒅(𝒕 + 𝟑) = ൜ 𝑹(𝒕), 𝒊𝒇𝒅𝒊𝒈𝒏𝒐𝒓𝒆 = 𝟎, 𝒑𝒆𝒏𝒂𝒍𝒕𝒚𝑹(𝒕) + 𝟏, 𝒊𝒇𝒅𝒔𝒆𝒍𝒆𝒕𝒆𝒅 = 𝟏, 𝒓𝒆𝒘𝒂𝒓𝒅ൠ 
(7) 

The next update is at time T+3 and related rewards. If a 
node has a value that is better than the TVS_update 
threshold, it is considered optimal performance and 
receives a reward. However, if the value is below or equal 
to the threshold, then the node is considered suboptimal and 
penalized. This process lasts until time t reaches threshold 
M. In Eq (8) calculate the TVS_update, which determines 
the optimality of nodes based on consideration factors.  
variable R represents the actual value that describes the 
performance of the node. This value changes over time as 
the node receives a reward or penalty based on decisions 
made in the renewal process.  

𝑇𝑉𝑆௨௣ௗ௔௧௘ = 1𝑁 ∗ ෍ 𝑁௜
௜ୀଵ                             

(8) 

By combining rewards and penalties into R values, the 
system adaptively adjusts node performance based on the 
response and outcome of actions performed. This allows 
dynamic customization to optimize node performance in 
V2V communication networks. 

III. RESULTS AND DISCUSSION  
The simulation analysis metrics will give you an idea of the 
extent to which LA-AODV has an advantage over AODV 
in terms of network performance. The resulting analytical 
data provides important information that helps us 
understand how effective the network or simulation being 
evaluated is.  
 
3.1. Flow ID 
One of the first things that can be noticed is the total number 
of nodes in the network, which gives an idea of how large 
and complex the network under study is. The results of 
Flow ID can be seen in Figure 2. 
 

 
Fig 2. Comparison of Flow ID routing protocols 

LA-AODV and AODV 
 

Based on Figure 2, the communication complexity of the 
LA-AODV protocol tends to be lower than AODV when 
the number of nodes in the network is increasing and the 
simulation period is getting longer. on a total of 20 nodes, 
(LA-AODV) has a relatively lower Flow ID compared to 
(AODV) at each observation time. There is an increase in 
communication complexity from 10 seconds to 100 
seconds.  

 
In general, (LA-AODV) has a lower flow ID value 

compared to (AODV) on a total of 20 nodes. Low Flow ID 
(LA-AODV) indicates less complexity of network traffic, 
potentially reducing conflicts or higher overhead. 
Differences in Flow ID values between (LA-AODV) and 
(AODV) can impact network resources. The lower the 
Flow ID value, the better the network performance in terms 
of resources. This analysis implies that routing protocols 
(LA-AODV) tend to have lower Flow ID rates compared to 
(AODV). This may indicate that protocol modification 
(LA-AODV) with Learning performs well in reducing 
communication complexity on the network. 
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3.2. Packet Loss Ratio 
This Packet Loss Ratio indicates how large a proportion of 
packets are lost in the delivery process. The results of the 
comparison of AODV and LA-AODV Packet Loss Ratio 
are shown in Figure 3.  

 
Fig 3. Comparison of LA-AODV and AODV 

Packet Loss Ratio 

Comparative Analysis can be seen in Figure 3 that the 
Packet Loss Ratio tends to vary depending on the routing 
protocol used, simulation time, and number of nodes in the 
network. In general, the Packet Loss Ratio (LA-AODV) 
results tend to be higher than (AODV). (LA-AODV) has 
significant variation between time scenarios and the 
number of nodes in the network. In the longer time 
scenarios of 50 sec and 100 sec, the Packet Loss Ratio (LA-
AODV) tends to increase, indicating an increase in packet 
loss with the highest value at 52% on node 55 time 50 
seconds and 62% on node 55 time 100 seconds.  
 

The number of nodes in the network also affects the 
Packet Loss Ratio (LA-AODV), with increases in the 
number of nodes and simulation time likely to increase 
packet loss. The Packet Loss Ratio (AODV) also shows 
variations depending on time scenarios and the number of 
nodes in the network. In some cases, the Packet Loss Ratio 
(AODV) is lower than (LA-AODV) with the lowest value 
at 19% at node 30, 40 times 50 seconds, and 21% at node 
30 time 100 seconds, the results indicate better performance 
in packet loss. Increased simulation time and the number of 
nodes in the network tend to increase the Packet Loss Ratio 
(AODV), although not as large as that of the protocol (LA-
AODV).   

 
This analysis implies that the routing protocol (LA-

AODV) tends to have a higher packet loss rate compared to 
(AODV). This may indicate that protocol modification 
(LA-AODV) with Learning has poor performance in terms 
of packet loss. 

3.3. Packet Delivery Ratio 

The LA-AODV packet delivery ratio has a significant 
variation between time scenarios and the number of nodes 
in the network. The Packet Delivery Ratio (AODV) also 
shows variations depending on time scenarios and the 
number of nodes in the network. In some cases, the Packet 
Delivery Ratio (AODV) is higher compared to the Packet 
Delivery Ratio (LA-AODV), indicating better performance 
in package delivery. The results of the PDR comparison can 
be seen in Figure 4.  

 
Fig 4. Comparison of PDR LA-AODV and 

AODV 

Based on the comparison of PDR LA-AODV and AODV 
in Figure 4, the results of Packet Delivery Ratio analysis for 
routing protocols (LA-AODV) and (AODV) on various 
time scenarios and the number of nodes in the network. The 
Packet Delivery Ratio (LA-AODV) shows significant 
variation depending on the time scenario and the number of 
nodes in the network. In general, the Packet Delivery Ratio 
(LA-AODV) tends to be lower than the Packet Delivery 
Ratio (AODV). In the 10-second time scenario, the Packet 
Delivery Ratio (LA-AODV) ranges from 74% to 92% with 
an increase in the number of nodes. In the 50-second time 
scenario, the Packet Delivery Ratio (LA-AODV) ranges 
from 38% to 58% with an increase in the number of nodes. 
In the 100-second time scenario, the Packet Delivery Ratio 
(LA-AODV) ranges from 37% to 57% with an increase in 
the number of nodes.   
 

The Packet Delivery Ratio (AODV) also shows 
variations depending on time scenarios and the number of 
nodes in the network. In general, the Packet Delivery Ratio 
(AODV) tends to be higher than the Packet Delivery Ratio 
(LA-AODV). In the 10-second time scenario, the Packet 
Delivery Ratio (AODV) ranges from 76% to 87% with an 
increase in the number of nodes. In the 50-second time 
scenario, the Packet Delivery Ratio (AODV) ranges from 
70% to 80% with an increase in the number of nodes. In the 
100-second time scenario, the Packet Delivery Ratio 
(AODV) ranges from 64% to 78% with an increase in the 
number of nodes. This analysis implies that the AODV 
routing protocol tends to have a higher packet delivery rate 
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compared to LA-AODV. This shows that modification of 
routing protocols using Learning Automata on AODV has 
not been able to achieve the efficiency and reliability of 
packet delivery. 

3.4. Average Throughput 

High average throughput in V2V communication on 
VANET networks means there is sufficient capacity to 
transfer data at high speeds between vehicles. With high 
Average Throughput, the risk of data packet loss or delay 
can be minimized, ensuring important information can be 
sent and received quickly and accurately. The results of the 
comparison of the Average throughput of LA-AODV and 
AODV are in Figure 5. 
 

 
Fig 5. Comparison of Average throughput of LA-

AODV and AODV 

A comparative analysis of Average throughput in Figure 5, 
shows that in the 10-second time scenario, the average 
throughput of LA-AODV ranges from 37.5406 Kbps to 
85.3425 Kbps, with the highest average at total node 20 and 
the lowest average at total node 75. In the 50-second time 
scenario, the average throughput of LA-AODV ranges 
from 35.3186 Kbps to 114.821 Kbps, with the highest 
average at total node 20 and the lowest average at total node 
75. In the 100-second time scenario, the average throughput 
of LA-AODV ranges from 30.2889 Kbps to 90.8452 Kbps, 
with the highest average at total node 20 and the lowest 
average at total node 75. In the 10-second time scenario, the 
average AODV throughput ranges from 4.0365 Kbps to 
47.2603 Kbps, with the highest average on total node 20 
and the lowest average on total node 100.  
 

In the 50-second time scenario, the average AODV 
throughput ranges from 4.65076 Kbps to 23.3256 Kbps, 
with the highest average at 25 total nodes and the lowest 
average at 100 total nodes. In the 100-second time scenario, 
the average AODV throughput ranges from 5.81214 Kbps 
to 14.1218 Kbps, with the highest average at 40 total nodes 
and the lowest average at 100 total nodes. The impact of the 
data is that the LA-AODV routing protocol tends to have a 
higher average throughput compared to AODV in various 
scenarios. This shows that modifying routing protocols 

using Learning Automata on AODV can improve data 
transmission efficiency. In longer-time scenarios, the 
difference in throughput between the two protocols 
becomes more significant.  This analysis implies that the 
LA-AODV routing protocol has a higher average 
throughput rate compared to AODV. This suggests that 
modification of routing protocols using Learning Automata 
on AODV is capable of increasing enough capacity to 
transfer data at high speeds between vehicles. 

3.5. End-to-End Delay 

In a fast and dynamic highway situation, information sent 
between vehicles must arrive in a very short time to support 
informed decision-making in real-time. For example, when 
a vehicle detects a hazard or emergency, such as sudden 
braking or an obstacle in the road, the information must 
immediately reach other vehicles in the vicinity for them to 
react quickly. The results of the End to end-to-end delay 
comparison can be seen in Figure 6. 

 
Fig 6. Comparison of End-to-End Delay LA-AODV and 

AODV 

Figure 6 shows a comparison of End to End Delay (LA-
AODV) and (AODV), at a total of 20 nodes, (LA-AODV) 
has a relatively lower End-to-End Delay compared to 
(AODV) at each observation time. There was an increase 
in End-to-End Delay packet delivery time from 10 seconds 
to 50 seconds but later decreased by 100 seconds for both 
protocols. In general, (LA-AODV) has a lower End-to-End 
Delay value compared to (AODV) on a total of 20 nodes. 
Low End-to-End Delay (LA-AODV) indicates an increase 
in packet delivery efficiency, potentially resulting in faster 
communication within the network. The difference in End-
to-End Delay values between (LA-AODV) and (AODV) 
can have an impact on network service quality. 
 

 The lower the End-to-End Delay value, the better the 
network performance in terms of packet delivery time. In 
real network implementations, this difference in End-to-
End Delay values can affect real-time applications that 
require fast response times, such as video streaming or 
voice communication. Thus, the implications of the data 
analysis results show that the use of the LA-AODV routing 
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protocol has a lower End-to-End Delay compared to the 
AODV protocol. This shows that modification of routing 
protocols using Learning Automata on AODV can improve 
the efficiency of sending packets between vehicles 

IV. CONCLUSION  
The comparative analysis of LA-AODV and AODV 

highlights a critical performance trade-off. LA-AODV, 
enhanced with Learning Automata, significantly improves 
Flow ID efficiency, average throughput, and end-to-end 
delay, making it suitable for dynamic vehicular 
environments. These gains result from its ability to 
adaptively select optimal relay nodes based on real-time 
mobility metrics. However, these improvements come at 
the cost of increased packet loss and reduced delivery 
ratios, primarily due to the delay in convergence during the 
learning process. On the other hand, AODV, with its 
simpler and more immediate routing mechanism, maintains 
better reliability in terms of packet loss and delivery but 
lacks performance in terms of throughput and delay under 
dynamic conditions. To make LA-AODV more reliable and 
practical for large-scale deployment, future research should 
focus on: Accelerating the convergence of the Learning 
Automata algorithm by introducing adaptive learning rates 
or reinforcement adjustment mechanisms. Integrating 
hybrid routing strategies that combine reactive and 
proactive approaches to mitigate packet loss during route 
discovery and learning phases. Enhancing buffer 
management and queuing policies to temporarily store 
packets during route learning delays. Leveraging cross-
layer design, where information from lower layers (MAC, 
physical) assists in more accurate relay selection and route 
maintenance. Testing scalability and stability of LA-
AODV in denser and more heterogeneous VANET 
environments to evaluate real-world feasibility. 
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Abstract − Vehicle-to-Everything (V2X) communication is a cornerstone technology in modern Intelligent Transportation 
Systems (ITS), enabling real-time data exchange between vehicles, infrastructure, pedestrians, and networks. V2X 
enhances road safety, traffic management, and driving experience, contributing to the global vision of connected and 
autonomous transportation. This paper presents a comprehensive overview of V2X communication, detailing its key 
components, types, and technological standards, including Dedicated Short-Range Communication (DSRC), LTE-V2X, 
and 5G. We explore current applications of V2X, such as safety enhancements, traffic optimization, infotainment, and 
environmental sustainability, and discuss significant challenges in deployment, including technical limitations, security 
and privacy concerns, and infrastructure requirements. Furthermore, this study examines future directions in V2X, 
emphasizing the role of 5G, edge computing, AI integration, and the implications for electric and autonomous vehicles. 
Realizing V2X's full potential requires robust policy support, international standardization, and infrastructure 
investments, particularly in countries with varying levels of technological maturity. This paper provides insights into the 
evolution of V2X and outlines critical considerations for advancing toward a safer, more efficient, and sustainable global 
transportation ecosystem 
 
Keywords – V2X Communication, Intelligent Transportation Systems (ITS), Autonomous Vehicles, Traffic Management 
 

I. INTRODUCTION  
In recent years, communication technologies have 

transformed various industries, with a significant impact on 
the transportation sector. One of the most notable 
advancements in this field is Vehicle-to-Everything (V2X) 
communication[1], which allows vehicles to communicate 
with each other and with infrastructure, pedestrians, and 
broader network systems. V2X communication is a critical 
element within ITS[2] aimed at improving safety, 
efficiency, and sustainability in modern transportation[3]. 

V2X communication enables real-time data exchange 
among connected vehicles, allowing them to share 
information on speed, location, road conditions, and 
potential hazards. The capability supports the development 
of autonomous vehicles and connected vehicle networks, 
which rely on such data to make informed decisions in 
complex traffic environments[4]. By fostering an 
interconnected transportation ecosystem, V2X helps to 
reduce accidents, optimize traffic flow, and minimize 
environmental impacts by reducing congestion and idling 
times[5]. Countries have started implementing V2X 
technologies to enhance road safety and traffic 
management. For instance, Japan has widely deployed 
Dedicated Short-Range Communications (DSRC) 
technology, enabling Vehicle-to-Infrastructure (V2I) 
interactions that assist drivers in detecting traffic signals 
and pedestrians, especially in challenging weather 
conditions[6]. In Europe, Germany has introduced 
Cooperative Intelligent Transport Systems (C-ITS) based 
on cellular V2X (C-V2X) technology, which supports real-
time traffic data exchange among vehicles, providing route 
adjustments and early warnings of potential collisions[7]. 

Meanwhile, the United States has integrated V2X solutions 
in specific urban centers, such as Ann Arbor, Michigan, 
where connected intersections improve signal timing based 
on traffic density[8]. 

The motivations for implementing V2X 
communication extend beyond convenience; the 
technology has critical implications for safety, efficiency, 
and environmental sustainability in urban and rural 
transportation networks. Road safety is a significant 
concern globally, with the World Health Organization 
estimating that approximately 1.3 million people die in 
traffic accidents each year. V2X communication can help 
reduce these fatalities by enabling vehicles to receive 
timely warnings about potential dangers, such as sudden 
braking, lane changes, or obstacles on the road[9]. The 
growing problem of traffic congestion has economic and 
environmental costs. According to the Texas A&M 
Transportation Institute, in 2021, Americans spent an 
estimated 3.4 billion hours stuck in traffic, leading to 
increased fuel consumption and carbon emissions[10]. 
V2X solutions, which allow vehicles to communicate with 
traffic lights and other infrastructure, can help mitigate this 
problem by coordinating vehicle movement, thereby 
reducing congestion, travel times, and overall 
emissions[11]. For instance, adaptive signal control 
systems in cities like Los Angeles have shown measurable 
travel time and emissions reductions through V2X-based 
traffic optimization[12]. 

Despite its advantages, implementing V2X has 
challenges, including technological, infrastructural, and 
regulatory barriers[13]. For example, Japan's DSRC 
implementation provides reliable short-range 
communication but lacks the coverage required for long-
distance connectivity, limiting its scalability. On the other 
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hand, Europe's C-V2X system, though capable of 
supporting high data rates and extensive coverage, requires 
a robust 5G infrastructure, which involves significant costs 
and regional cooperation. The effectiveness of V2X 
systems also hinges on interoperability across 
manufacturers and countries, posing an additional 
challenge for global standardization[14]. 

The study aims to provide a comprehensive yet concise 
overview of V2X communication. It explores the 
technology’s evolution, from early systems like DSRC to 
more advanced LTE-V2X and 5G-enabled C-V2X. 
Additionally, the paper delves into the types of V2X 
communication, such as V2V, V2I[15], Vehicle-to-
Pedestrian (V2P), and Vehicle-to-Network (V2N). Each 
type plays a distinct role in creating a cohesive and 
intelligent transportation system[16]. The discussion will 
also cover technological standards and protocols in V2X, 
including DSRC and C-V2X, analyzing their respective 
advantages and limitations. The paper will then explore 
various applications of V2X, from safety enhancements 
like collision avoidance to traffic management solutions, as 
well as the system's impact on infotainment and 
environmental sustainability. Finally, the challenges 
hindering widespread adoption will be discussed, such as 
latency, cybersecurity, infrastructure requirements, and 
regulatory constraints. The objective is to highlight the 
current state of V2X communication and identify potential 
research directions that can address existing limitations and 
pave the way for fully autonomous, connected 
transportation networks..   

II. OVERVIEW OF V2X COMMUNICATION  
V2X communication represents an integrated suite of 

technologies that allow vehicles to communicate with 
various entities in their environment, including other 
vehicles (V2V), infrastructure such as traffic lights and 
road signs (V2I), pedestrians and cyclists (V2P), and 
broader network infrastructures (V2N). This multi-
dimensional communication capability enhances 
situational awareness and supports decision-making for 
both human drivers and autonomous driving systems[17]. 
By transmitting real-time information about a vehicle's 
speed, location, and direction, V2X allows for proactive 
responses to potential risks and facilitates smoother 
interactions on the road. This interconnected ecosystem is 
central to the development of safer and more efficient 
traffic systems and the broader vision of autonomous 
vehicles that can operate with minimal human 
intervention[18]. 

 
2.1 Importance in ITS 
 

Within the ITS framework, V2X is pivotal for creating 
a dynamic and adaptive transportation network. ITS aims 
to harness advanced communication, control, and 
information technologies to improve road safety, reduce 
traffic congestion, and enhance overall transportation 
efficiency[19]. V2X communication, as a core component 
of ITS, enables vehicles to share real-time data on road 
conditions, potential hazards, and congestion patterns. For 
instance, vehicles equipped with V2V communication can 
receive alerts about sudden braking, lane changes, or 

obstacles on the road ahead, enabling drivers to respond 
more quickly to potential dangers. Similarly, V2I 
communication allows traffic lights to adapt in real time to 
changing traffic conditions, reducing congestion and 
waiting times at intersections. In cities with high traffic 
density, such as Singapore and Tokyo, adaptive signal 
control systems based on V2X communication have 
already shown positive results, reduced travel time and 
decreasing fuel consumption[20]. 

The significance of V2X in ITS also extends to 
emergency response. By enabling rapid and precise 
communication between vehicles and infrastructure, 
emergency vehicles can receive priority at traffic signals, 
allowing them to navigate more efficiently through 
congested areas. Additionally, V2X can provide real-time 
location data to emergency services during an accident, 
facilitating faster response times and potentially saving 
lives[21]. 

 
2.2 Evolution of V2X Technologies 
 

The evolution of V2X technology has been marked by 
significant advancements in communication protocols and 
network capabilities, evolving from basic short-range 
communication systems to high-speed, high-capacity 
cellular networks. 

 Dedicated Short-Range Communications 
(DSRC)[22]: DSRC was one of the first 
technologies developed for V2X applications. 
Operating in the 5.9 GHz band, DSRC offers low-
latency communication and is effective over short 
distances (typically up to 300 meters). DSRC has 
been widely adopted in Japan, where it is used in 
applications such as electronic toll collection, 
traffic signal prioritization, and safety warnings 
for pedestrians and vehicles. DSRC’s strengths lie 
in its dedicated spectrum and reliable performance 
for safety-critical applications. However, its 
limited range and inability to scale beyond a 
certain number of users make it less suitable for 
dense urban environments and applications 
requiring long-range communication. 

 Cellular V2X (C-V2X) with LTE and 5G[23]: 
With the emergence of LTE-V2X and the recent 
development of 5G-V2X, cellular technologies 
have become increasingly popular for V2X 
applications. Unlike DSRC, which is limited to 
short-range, line-of-sight communication, cellular 
V2X allows for extended coverage, making it 
suitable for urban and rural areas. LTE-V2X is 
designed to operate alongside traditional cellular 
networks, enabling a wide range of V2X 
applications without requiring additional 
infrastructure. For example, China has 
implemented LTE-V2X in several smart cities, 
providing vehicles access to real-time traffic data, 
navigation, and safety alerts. 

With the rollout of 5G, C-V2X has gained even 
more capabilities, including ultra-low latency, high data 
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rates, and improved reliability. These features are 
essential for advanced V2X applications such as 
cooperative adaptive cruise control, platooning, and 
automated lane merging, where rapid communication 
and synchronization are critical. For example, in 
Germany, 5G-V2X technology has been deployed along 
specific highway corridors, allowing for high-speed 
data exchange between vehicles and infrastructure, 
supporting platooning and other automated driving 
functions. The primary advantage of 5G-V2X is its 
ability to handle high data volumes and dense traffic 
scenarios. However, the high cost of 5G infrastructure 
and the need for widespread deployment remain 
significant challenges. 
 Comparison of DSRC and C-V2X[24]: Each 

technology has its strengths and limitations. 
DSRC is well-suited for short-range, low-latency 
applications and has the advantage of using a 
dedicated spectrum, making it highly reliable for 
safety applications. However, DSRC's limited 
range and inability to scale effectively in urban 
environments with high vehicle density restrict its 
broader use. On the other hand, LTE and 5G-
enabled C-V2X provide broader coverage and 
higher data rates, making them suitable for both 
safety-critical applications and infotainment. The 
limitations of C-V2X include dependency on 
cellular network infrastructure and associated 
costs, particularly for the high-speed and low-
latency requirements of 5G. 
 

2.3. Key Examples of V2X Implementation 
 

Several countries have adopted V2X technology to 
enhance their transportation systems, leveraging different 
technologies and applications according to local 
infrastructure and regulatory environments. 

 Japan (DSRC): Japan is one of the pioneers in 
deploying DSRC-based V2X systems. Its V2X 
infrastructure supports applications such as 
electronic toll collection and traffic signal 
prioritization, improving traffic flow and safety in 
urban areas. A notable example is Japan's ITS 
Spot Service, which provides in-vehicle 
information on traffic signals, toll stations, and 
weather conditions. While DSRC has proven 
effective in Japan's controlled traffic environment, 
its limited scalability and range are constraints for 
future long-distance communication 
applications[13]. 

 China (LTE-V2X)[25]: China has implemented 
LTE-V2X as part of its nationwide intelligent city 
initiatives. LTE-V2X technology allows vehicles 
to access real-time information on traffic 
conditions, weather, and navigation, enhancing 
driver awareness and road safety. The broad 
deployment of LTE-V2X in China is facilitated by 
the country’s extensive 4G infrastructure, 

enabling large-scale implementation without 
additional costs. However, as the country 
transitions to 5G, challenges in interoperability 
and upgrading existing infrastructure remain. 

 Germany (5G-V2X)[26]: Germany has focused 
on deploying 5G-V2X technology along its major 
highways, supporting advanced applications such 
as vehicle platooning, which allows vehicles to 
travel closely together in coordinated groups, 
reducing fuel consumption and increasing road 
capacity. In this setup, 5G’s ultra-low latency 
enables rapid data exchange and synchronized 
vehicle movements. While Germany’s 5G-V2X 
deployments highlight the potential of 5G for 
V2X, high infrastructure costs and the complexity 
of 5G deployment continue to pose barriers. 
 

2.4. Advantages and Disadvantages of V2X 
Technologies 
 

Each V2X technology offers distinct advantages and 
disadvantages, making them more suitable for different use 
cases. DSRC (Dedicated Short-Range Communication) is 
known for its reliable low-latency communication, 
dedicated spectrum, and maturity as a technology. 
However, it faces limitations such as a relatively short 
communication range and scalability challenges. It is less 
effective in high-density urban areas where the demand for 
communication can exceed its capacity. On the other hand, 
LTE-V2X provides broader coverage and benefits from 
existing infrastructure, making it suitable for both urban 
and rural environments. Despite these advantages, LTE-
V2X is constrained by the capabilities of LTE networks, 
including higher latency and limited data rates, as well as 
its reliance on cellular networks for communication. In 
contrast, 5G-V2X offers ultra-low latency and high data 
rates and is particularly well-suited for high-speed and 
advanced applications, such as autonomous driving. 
However, it also comes with drawbacks, including high 
infrastructure costs, complex deployment, and limited 
availability, particularly in regions where 5G infrastructure 
still needs development. 

The progression of V2X technologies from DSRC to 
LTE-V2X and 5G-V2X illustrates an ongoing evolution to 
meet the needs of connected and autonomous 
transportation systems. Each generation has built upon the 
strengths and addressed the limitations of previous 
technologies, advancing towards a future where fully 
autonomous and coordinated vehicles can operate safely 
and efficiently in real-world environments. Despite current 
challenges, V2X technology remains essential for realizing 
the vision of intelligent and adaptive transportation 
networks that can respond to and mitigate real-time 
challenges on the road 

III. TECHNOLOGICAL STANDARDS IN V2X 
DSRC (Dedicated Short-Range Communications) is 

the earliest technology specifically developed for V2X 
communication, designed for short-range (approximately 
300 meters) and low-latency interactions between vehicles. 
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While reliable for safety applications, its limitations in 
scalability and data throughput have led to the development 
of alternatives such as LTE-V2X and its successor, 5G-
CV2X. These cellular-based technologies enable higher 
data rates and lower latency, with 5G significantly 
enhancing capacity, connection density, and response times 
for advanced V2X applications and autonomous driving. 
Additionally, IEEE 802.11p, a wireless standard 
foundational to DSRC, and Cellular V2X (C-V2X), which 
leverages cellular networks for improved range, coverage, 
and reliability, are key advancements suitable for both 
urban and rural environments. 

IV. APPLICATIONS OF V2X COMMUNICATION  
4.1. Safety Applications 
 

V2X communication has a transformative impact on 
road safety by enabling vehicles to receive early warnings 
and share critical information with other road users and 
infrastructure. Safety applications of V2X are focused on 
preventing accidents and protecting all road users, 
including pedestrians, cyclists, and drivers. Critical safety 
applications include: 

 Collision Avoidance[27]: V2X communication 
allows vehicles to detect potential collision 
scenarios by exchanging data with nearby vehicles 
and infrastructure. For instance, if a vehicle brakes 
suddenly, nearby vehicles receive instant alerts, 
allowing drivers or automated systems to react 
accordingly. This type of alert is beneficial at 
intersections and in heavy traffic, where sudden 
stops can lead to chain-reaction collisions. 

 Blind-Spot Detection[28]: By sharing real-time 
location and speed data, V2X enhances the 
effectiveness of blind-spot detection systems, 
mainly when a vehicle may be in the driver's blind 
spot. Blind-spot detection enabled by V2X 
communication is highly effective for lane changes 
on highways and helps to reduce the risk of side 
collisions. 

 Lane-Change Assistance[29]: Lane-change 
assistance powered by V2X communication guides 
safe lane changes by monitoring the positions of 
nearby vehicles. This is particularly useful in multi-
lane highways and congested traffic, where lane 
changes can be risky. The system alerts drivers or 
autonomous systems to avoid a lane change if an 
obstacle or another vehicle is approaching. 

Countries like the United States and Japan have 
implemented pilot programs using V2X-enabled collision 
avoidance and blind-spot detection systems to improve 
highway safety. For example, Japan’s Smartway system 
integrates V2X-based lane-change assistance and collision 
avoidance, resulting in fewer accidents on major highways. 
However, the effectiveness of V2X safety applications 
depends on the number of equipped vehicles on the road, as 
a lack of V2X-capable vehicles can limit the full potential 
of collision prevention systems. 

 
4.2. Traffic Management 
 

V2X communication significantly improves traffic 
management by providing a more responsive and efficient 
approach to controlling traffic flow. Through data 
exchange between vehicles and infrastructure, V2X 
enables adaptive traffic management, which can adjust to 
real-time traffic conditions and support the coordination of 
various traffic control systems: 

 Dynamic Traffic Light Control[30]: V2X-enabled 
traffic lights can adjust signal timing based on real-
time data from approaching vehicles, optimizing 
traffic flow at intersections. This is particularly 
useful during peak hours or in high-traffic areas. In 
Singapore, adaptive signal control systems use 
V2X communication to detect the number of 
vehicles waiting at intersections, adjusting green 
light times to minimize congestion. 

 Ramp Metering[31]: V2X communication can 
improve ramp metering by allowing highway entry 
ramps to monitor approaching traffic and manage 
the rate of vehicle entry onto highways. In Los 
Angeles, ramp metering systems equipped with 
V2X capabilities regulate the flow of vehicles 
entering highways, resulting in smoother traffic 
flow and reduced congestion during rush hours. 

 Incident Response[32]: V2X enhances incident 
response by providing real-time data about 
accidents or road obstructions to traffic 
management centers. When an accident occurs, 
V2X-equipped vehicles and infrastructure can relay 
information about the location and severity of the 
incident to other drivers, enabling them to take 
alternative routes. Emergency response vehicles 
can also receive priority at traffic signals, reducing 
response times and enhancing overall safety. 

While V2X-based traffic management systems have 
shown significant promise, such as in the innovative city 
projects in China, challenges remain. For instance, traffic 
control systems require considerable investment in V2X 
infrastructure, and interoperability across different traffic 
management systems can be complex. 

 
4.3. Infotainment 
 

V2X communication also enhances the infotainment 
experience for drivers and passengers by providing 
seamless access to media, navigation services, and internet-
based applications. As vehicles become increasingly 
connected, infotainment services supported by V2X 
communication offer a more personalized and engaging 
experience: 

 Media Streaming and Internet Access[33]: V2X-
enabled infotainment allows passengers to stream 
media, browse the internet, and stay connected 
during their journey. For instance, V2X-equipped 
vehicles in Germany provide in-car streaming 
services for passengers on long journeys, 
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enhancing the travel experience by offering 
entertainment options beyond traditional radio 
and music players. 

 Real-Time Navigation and Route Assistance[34]: 
V2X communication supports real-time 
navigation by updating drivers on road conditions, 
traffic jams, and available parking spots. This 
service is precious in urban areas, where high 
traffic density can make it challenging to find 
efficient routes. For example, cities like Seoul and 
Tokyo use V2X technology to provide real-time 
navigation updates to drivers, helping them avoid 
congested areas and save time. 

 Enhanced Passenger Experience: By integrating 
V2X technology with advanced infotainment 
systems, manufacturers enhance the overall 
passenger experience. Features like hands-free 
voice controls, smart assistant integration, and 
multi-screen setups allow passengers to enjoy a 
seamless in-car experience. 

While V2X-enabled infotainment provides 
convenience and entertainment, it also presents challenges. 
Streaming services and high-speed data access require 
stable and high-capacity networks, which may only be 
available in some regions. Additionally, concerns regarding 
driver distraction and data privacy are important 
considerations. 
 
4.4. Environmental Impact 
 

V2X communication contributes to environmental 
sustainability by promoting eco-friendly driving practices 
and reducing the carbon footprint of vehicles. By 
optimizing traffic flow and minimizing idling times, V2X 
communication helps reduce emissions and fuel 
consumption, which is essential in the fight against climate 
change. Critical environmental applications include: 

 Eco-Driving Applications[35]: V2X-enabled eco-
driving applications provide drivers with 
recommendations on optimal speed, acceleration, 
and braking patterns to reduce fuel consumption. 
These applications analyze data from surrounding 
vehicles and infrastructure to suggest the most 
efficient driving practices. For example, V2X-
based eco-driving systems in the Netherlands 
encourage fuel-efficient driving, resulting in 
lower emissions and reduced fuel costs. 

 Smart Traffic Signals and Idling Reduction[36]: 
V2X-enabled intelligent traffic lights can reduce 
idling times by adjusting real-time signal timings 
to match traffic flow. This approach helps prevent 
unnecessary stops and starts, lowering fuel 
consumption and emissions. In several European 
cities, intelligent traffic signal systems have been 
implemented to reduce idling, particularly in high-
traffic areas. 

 Eco-Routing[37]: V2X-based eco-routing 
applications provide drivers with route options 

that minimize fuel consumption, taking into 
account traffic conditions, elevation changes, and 
speed limits. These applications are beneficial for 
reducing emissions in urban areas and 
encouraging sustainable driving habits. 

While V2X has a positive environmental impact, 
challenges exist in implementation. Eco-driving and eco-
routing applications rely on the widespread adoption of 
V2X technology, which can be costly for both consumers 
and municipalities. Additionally, the environmental 
benefits are maximized when many vehicles on the road are 
V2X-enabled. 

V. CHALLENGES IN V2X COMMUNICATION 
V2X communication systems encounter multiple 

technical challenges that impact their reliability, scalability, 
and effectiveness. Among these, latency, signal 
interference, network reliability, and interoperability 
between different communication standards are 
particularly significant: 

 Latency Issues[16]: V2X applications often 
require real-time or near-real-time data 
transmission to ensure timely responses to road 
conditions and potential hazards. However, 
maintaining low latency in V2X networks can be 
difficult, especially in high-density environments 
or areas with significant network congestion. For 
instance, collision avoidance systems need 
minimal latency to alert drivers or autonomous 
systems of immediate dangers. Latency issues, if 
unresolved, can compromise the effectiveness of 
safety applications, increasing accident risks. 
While technologies like 5G-V2X promise lower 
latency, their deployment still needs to be 
improved, restricting the full realization of V2X 
capabilities. 

 Signal Interference[38]: V2X communications 
operate over shared radio frequencies, leading to 
potential interference from other vehicles, 
devices, and environmental factors. Urban areas 
with dense traffic, multiple wireless signals, and 
tall buildings can worsen interference, affecting 
communication quality and reliability. For 
example, Dedicated Short-Range Communication 
(DSRC) has shown vulnerability to interference in 
metropolitan settings, impacting its performance. 

 Network Reliability[9]: Ensuring uninterrupted 
V2X communication is essential, particularly for 
safety applications. However, network reliability 
can fluctuate due to tunnel signal loss, poor 
connectivity in rural areas, and network 
congestion in densely populated areas. V2X 
reliability could be more consistent across 
geographical locations, creating challenges for 
standardization. 

 Interoperability[39]: V2X technologies include 
DSRC, LTE-V2X, and emerging 5G-C-V2X 
standards, each with unique characteristics and 
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compatibility issues. Vehicles and infrastructure 
may use different V2X technologies, making 
communication difficult. For example, if a DSRC-
equipped vehicle interacts with 5G infrastructure, 
it may not communicate seamlessly. A lack of 
interoperability limits V2X adoption and 
challenges regulatory agencies in defining 
universal standards. 

V2X communication introduces significant security 
and privacy challenges, as the system relies on 
continuously exchanging sensitive data between vehicles, 
infrastructure, and networks. Cybersecurity risks and 
privacy concerns are paramount in V2X design and 
deployment: 

 Cybersecurity Risks[2][40]: V2X networks are 
vulnerable to various cyber threats, including 
spoofing, data interception, and hacking, which 
could allow malicious actors to control or disrupt 
vehicle communications. For instance, spoofing 
attacks can create fake traffic alerts, causing 
unnecessary slowdowns or potential accidents. 
Unauthorized access to V2X systems could also 
allow hackers to interfere with vehicle functions, 
posing direct threats to driver and passenger 
safety. The large attack surface and high-stakes 
nature of V2X communication make 
cybersecurity an essential consideration. 

 Data Privacy[41]: V2X communication often 
requires transmitting personal and vehicle data, 
such as location, speed, and driving behavior. 
Without robust data privacy measures, there is a 
risk that personal information could be misused or 
exploited. Location tracking and data sharing 
concerns could deter individuals from using V2X-
enabled vehicles. Additionally, privacy 
regulations, such as the General Data Protection 
Regulation (GDPR) in Europe, mandate stringent 
data protection protocols, adding complexity to 
V2X implementation. 

 Policy and Regulatory Challenges[42]: 
Addressing cybersecurity and privacy in V2X 
networks involves creating comprehensive 
policies and standards. Governments must 
collaborate with industry stakeholders to establish 
regulations that ensure the security and privacy of 
V2X data without stifling innovation. However, 
finding a balance between privacy protections and 
the need for real-time data sharing remains 
challenging. 

The deployment of V2X infrastructure requires 
substantial investment, planning, and logistical 
coordination. Implementing and maintaining V2X 
infrastructure can be incredibly challenging in urban areas 
with dense populations, complex traffic networks, and 
legacy systems that may not be compatible with modern 
V2X technologies: 

 High Costs of Infrastructure[43]: Building V2X 
infrastructure involves significant costs, from 

installing roadside units (RSUs) to upgrading 
existing traffic systems to support V2X. High-
density cities which would benefit most from V2X 
deployment, often face budget constraints and 
competing infrastructure demands, making it 
challenging to prioritize V2X. Additionally, in 
rural or less populated areas, where there is less 
demand for advanced traffic management, the 
financial justification for V2X infrastructure 
investment is limited. 

 Deployment Complexity in Urban 
Environments[44]: Dense urban areas present 
unique challenges, as the integration of V2X 
infrastructure must coexist with pre-existing 
traffic systems and infrastructure. Installing RSUs 
at intersections, highways, and other high-traffic 
zones requires precise planning to avoid 
disrupting existing systems. Furthermore, urban 
landscapes with tall buildings can impact V2X 
signal quality, necessitating additional 
infrastructure investments to ensure seamless 
communication. 

 Legacy Systems and Compatibility: Many cities 
still rely on older traffic management systems 
incompatible with V2X technology. Integrating 
V2X with legacy infrastructure requires 
significant upgrades and, in some cases, complete 
replacements. Compatibility issues can slow down 
V2X adoption, as infrastructure owners must 
weigh the costs and benefits of upgrading. 

 Policy and Standardization Gaps: Governments 
and regulatory bodies must develop standardized 
V2X policies to achieve widespread adoption. 
However, there has yet to be a global consensus 
on V2X technology standards, making it 
challenging for automotive manufacturers and 
infrastructure developers to commit to a single 
solution. Standardization is especially relevant as 
countries adopt different V2X standards, such as 
DSRC or C-V2X. With regulatory alignment, 
V2X deployment may remain cohesive. 

Beyond technical, security, and infrastructure 
challenges, V2X communication faces policy-related 
challenges that can impact its deployment and 
effectiveness. These include regulatory alignment, data 
governance, and public-private partnerships: 

 Regulatory Alignment[45]: Developing 
universal V2X standards and regulations is 
essential for interoperability across regions and 
countries. However, governments vary in their 
approach to V2X policies, which can create 
complications for global automotive companies 
and infrastructure developers. Harmonizing 
standards on a regional or international level 
would enable smoother V2X adoption but requires 
extensive collaboration. 
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 Data Governance and Usage[46]: The success of 
V2X systems depends on the ability to share data 
effectively between vehicles and infrastructure. 
Developing clear policies on data usage, 
ownership, and sharing is essential to foster 
stakeholder collaboration while protecting user 
privacy and security. Data governance 
frameworks that support V2X must address who 
controls the data, how it is used, and how it can be 
shared across organizations. 

 Public-Private Partnerships (PPPs)[47]: 
Implementing V2X on a large scale often requires 
cooperation between government agencies and 
private companies. Effective PPPs can provide the 
resources, expertise, and funding necessary for 
V2X deployment. However, forming these 
partnerships requires careful negotiation to 
balance public interests with commercial goals, 
which can delay projects if not managed 
effectively. 

.  

VI. FUTURE DIRECTIONS IN V2X 
COMMUNICATION 

 
The evolution of V2X communication will be shaped 

by advancements in connectivity technologies, data 
processing capabilities, and artificial intelligence (AI)[48]. 
These developments promise to expand V2X capabilities, 
bringing it closer to supporting fully autonomous vehicles 
and enhancing its potential for transforming global 
transportation systems. However, realizing these future 
directions requires addressing policy, regulatory, and 
infrastructure-related factors, especially in countries with 
varying technological and infrastructural maturity levels. 

 
6.1. Enabling Ultra-Reliable and Low-Latency 
Communication 
 

The rollout of 5G technology marks a significant 
advancement for V2X communication, as it introduces 
Ultra-Reliable Low-Latency Communication (URLLC) 
and Massive Machine-Type Communication (MTC), both 
critical for real-time, high-density data exchanges in V2X 
systems. 

 5G’s Impact: 5G technology enables data transfer 
rates 10 to 100 times faster than 4G LTE, reducing 
latency to milliseconds. This low latency is 
essential for applications that require immediate 
feedback, such as collision avoidance and 
autonomous driving. For example, in scenarios 
involving rapid vehicle movements and complex 
maneuvers, 5G can facilitate immediate 
communication between vehicles and 
infrastructure, minimizing response times and 
enhancing safety. Countries with robust 5G 
infrastructure, like South Korea and Japan, are 
already piloting V2X applications in urban 

settings, demonstrating its feasibility for high-
traffic environments. 

 Looking Ahead to 6G: The potential of 6G, 
expected to be available by the 2030s, is even 
more promising. With higher frequency bands, 
increased bandwidth, and enhanced AI 
integration, 6G will support real-time, data-
intensive applications required for fully 
autonomous vehicles. Additionally, 6G will likely 
improve coverage and connectivity in remote 
areas, expanding V2X applicability beyond urban 
centers. In countries with advanced infrastructure, 
6G may allow for the deployment of autonomous 
fleets on a broad scale. In contrast, in countries 
with developing infrastructure, 6G can contribute 
to improving connectivity, thus aiding in the 
development of V2X foundations. 
 

6.2 Edge Computing and Artificial Intelligence in V2X 
 

The convergence of edge computing and AI within 
V2X communication is poised to enable faster data 
processing at the network edge, significantly reducing 
latency and improving real-time decision-making. 

 Edge Computing in V2X: With edge computing, 
data processing, and analytics can occur closer to 
the data source, such as on-road sensors or in-
vehicle devices, rather than relying solely on 
distant cloud servers. This is critical in V2X 
applications, where milliseconds can make a 
difference. Edge computing will reduce network 
congestion, ensure data privacy, and improve 
response times. In high-density urban 
environments, edge-based V2X systems can 
support traffic management systems that 
dynamically adjust to real-time traffic flow and 
road conditions. For instance, vehicles can access 
immediate hazard alerts and adapt routes in 
response to traffic patterns. 

 AI Integration for Predictive Capabilities: AI-
driven V2X systems can offer predictive 
capabilities, such as forecasting traffic congestion, 
detecting hazardous conditions, and enabling 
dynamic route adjustments. Additionally, AI can 
facilitate predictive maintenance, analyzing 
vehicle performance, and predicting potential 
mechanical issues before they occur. Integrating 
AI could lead to intelligent cities in countries with 
advanced infrastructure where transportation 
systems proactively adjust to optimize traffic 
flow, reduce emissions, and increase public safety. 
AI integration might initially focus on enhancing 
essential V2X functions for countries with limited 
infrastructure, such as traffic incident alerts and 
emergency vehicle prioritization. 
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6.3. Towards Fully Autonomous Vehicles 
 

The integration of V2X communication is a 
cornerstone for the future of autonomous vehicles, enabling 
coordinated decision-making and safer navigation in 
complex traffic scenarios. 

 V2X as the Foundation for Autonomy: 
Autonomous vehicles require constant data about 
their surroundings to make safe driving decisions. 
V2X communication provides this data, extending 
the range and reliability of information available 
to autonomous systems. For example, an 
autonomous vehicle with V2X can receive signals 
about traffic light changes, pedestrian movements, 
and other vehicles' positions, enabling more 
accurate navigation through intersections or 
congested areas. Autonomous fleets equipped 
with V2X can optimize routes, adjust speeds, and 
synchronize movements, reducing traffic 
congestion and improving road safety. 

 Integration with Electric Vehicles (EVs): As the 
world moves toward sustainable transportation, 
integrating V2X with electric vehicles (EVs) 
presents a significant opportunity. V2X can help 
optimize charging station usage by directing EVs 
to available charging points, especially during 
peak hours. Moreover, V2X can facilitate energy-
efficient route planning for EVs, reducing range 
anxiety by ensuring access to charging 
infrastructure when needed. Countries with well-
developed charging networks, such as Norway 
and the Netherlands, could see even more 
significant benefits, while those with emerging 
EV markets could leverage V2X to enhance 
charging accessibility. 
 

6.4. Policy and Infrastructure Considerations 
 

The success of these future directions depends heavily 
on policy alignment, regulatory frameworks, and 
infrastructure investment. Countries with advanced 
infrastructure may adopt these V2X advancements more 
readily, while those with limited infrastructure face 
additional hurdles that require targeted policy and 
investment. 

 Investment in Infrastructure: In countries with 
developed infrastructure, investment can focus on 
expanding 5G/6G networks, establishing edge 
data centers, and integrating AI-driven solutions. 
This is likely to accelerate the deployment of V2X 
systems, particularly in urban areas. Conversely, 
initial investments in countries with 
underdeveloped infrastructure should target 
establishing foundational V2X systems and 
connectivity networks to build a foundation for 
future advancements. 

 Standardization and Regulatory Frameworks: 
Establishing universal standards for V2X 

communication is essential to ensure 
compatibility across borders and facilitate global 
adoption. Countries with advanced V2X policies, 
such as the European Union, have made 
significant strides in defining regulatory 
guidelines for V2X and autonomous vehicles, 
setting an example for other regions. For nations 
lacking regulatory frameworks, there is an urgent 
need for government and industry collaboration to 
establish foundational standards that support 
interoperability and data privacy. 

 Data Privacy and Cybersecurity Policies: 
Protecting user data and preventing cyberattacks 
are critical in V2X systems that process large 
volumes of sensitive information. Countries 
leading in V2X deployment must set stringent 
cybersecurity protocols to prevent unauthorized 
access and maintain data privacy. Policymakers in 
all countries must establish clear guidelines 
around data ownership, usage, and sharing to build 
public trust and ensure safe adoption. 

The future of V2X communication is prosperous with 
potential, from enhanced safety applications to the 
integration of fully autonomous and electric vehicles. 
While countries with advanced infrastructure are poised to 
benefit more quickly, those with limited infrastructure can 
strategically build foundational V2X systems and create 
supportive policies that prepare for the gradual adoption of 
these advancements. Ultimately, realizing V2X's full 
potential will depend on coordinated efforts in technology 
development, regulatory support, infrastructure 
investment, and international collaboration to create a safer, 
more efficient, and sustainable transportation ecosystem. 
 

VII. CONCLUSION 
V2X communication has emerged as a transformative 

technology within ITS, potentially enhancing road safety, 
improving traffic management, and supporting the shift 
toward autonomous and connected vehicles. By facilitating 
real-time data exchange among vehicles, infrastructure, and 
other road users, V2X communication can significantly 
contribute to safer and more efficient transportation 
systems. Through safety, traffic management, 
infotainment, and environmental applications, V2X holds 
promise for addressing contemporary transportation 
challenges, including congestion, emissions, and accident 
rates. However, the deployment of V2X technology faces 
various challenges, such as technical limitations, security 
and privacy concerns, and the need for substantial 
infrastructure investments. Addressing these challenges 
will require technological advancements—such as 5G and 
6G networks, edge computing, and AI integration—and 
robust policy frameworks prioritizing cybersecurity, 
interoperability, and data privacy. Countries with 
developed infrastructure may lead the way in adopting 
these technologies, while nations with less advanced 
infrastructure face unique obstacles that call for gradual 
development and strategic investment. 

Looking forward, the future of V2X communication 
lies in embracing emerging technologies like 5G, 6G, edge 
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computing, and AI, which will enhance V2X capabilities 
and support fully autonomous driving. Integrating V2X 
with electric vehicle ecosystems further reinforces its role 
in sustainable transportation by optimizing resource use 
and supporting eco-friendly driving practices. For 
successful global implementation, coordinated policy, 
investment, and standardization efforts are essential. 
Ultimately, V2X communication represents a pivotal step 
toward realizing a safe, efficient, and sustainable 
transportation future, benefiting both urban and rural 
environments and developed and emerging economies 
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Abstract − This study aims to investigate the effect of using the population and civil registration office Online Service 
Application (SEMAIK) on the number of population administration (Adminduk) applications at the Population and Civil 
Registration Office (Disdukcapil) of Central Lombok Regency. The direct impact of the implementation of this 
application on the number of civil registration applications has not been widely studied empirically. Therefore, this 
research is important to determine the extent to which the use of the SEMAIK application has an effect on increasing 
applications for population administration services. The SEMAIK application, as an innovation of the Central Lombok 
Disdukcapil, is designed to make it easier for citizens to apply for civil registration documents online without the need to 
visit the Disdukcapil office directly. This research method uses the System Usability Scale (SUS) to assess the level of 
acceptance and satisfaction of application users. The study involved 48 respondents, resulting in an average SUS score 
of 73.9, which indicates that the application is in the “Acceptable” satisfaction category with a grade of C and a qualitative 
assessment between ‘Good’ to “Excellent”.”Data analysis shows that there is an increase in the number of Adminduk 
applications through the SEMAIK application during the 2021-2023 period, which is correlative with an increase in user 
satisfaction scores. This result confirms that the level of application acceptance is at a relatively good level. User 
satisfaction with the SEMAIK application has contributed to an increase in the number of Adminduk document 
submissions in Central Lombok Regency. This research provides important insights into the importance of usability in 
public service applications and its implications for the efficiency of population administration services. 
 
Keywords – Population Administration Service Application, User Satisfaction, System Usability Scale (SUS), Public Service 
Innovation, Public Service Efficiency. 

I. INTRODUCTION 
Developments in the realm of information technology 

have a significant influence on our lives. The use of 
information technology can increase understanding and 
simplify all aspects of life [1]. The use of information 
technology in the context of government encourages the 
development of e-government, which is expected to 
provide benefits by increasing community empowerment 
through increased access to information, improving the 
quality of government services to the community, and 
increasing efficiency and transparency in government 
management [2]. In improving the quality of services in 
accordance with presidential instructions, the Central 
Lombok Population and Civil Registration Office seeks to 
make changes by utilizing information technology. In 
2021, the Central Lombok Population and Civil 
Registration Office made changes to the Adminduk 
submission or application system. The use of digital 
technology is not only focused on the needs of the 
community but can also be optimized by government 
agencies [3]. 

Disdukcapil Central Lombok innovates by developing 
a service system that can be done online in the form of an 
application. Using the advances in information technology 
available today is the right action to support the 
implementation of the obligations and responsibilities of 
government parties [4]. The utilization of information 
technology in Disdukcapil Central Lombok is by creating a 
Service Information System in the form of a website and 

then developing it into an application for Android and ios 
devices called SEMAIK. This application is intended for 
the people of Central Lombok who want to take care of 
population administration without the need to queue at the 
Disdukcapil office. Utilization of the population 
administration information system can provide 
convenience in compiling population reports by referring 
to data that has been entered into the system [5]. SEMAIK 
continues to undergo improvements every year, from the 
appearance of the interface to the procedures for making 
applications. However, since the SEMAIK application was 
implemented to replace the old system, researchers have 
found few research journals that discuss the quality of 
public acceptance of the application using usability testing. 
Evaluation and testing of the level of community 
satisfaction with the application is mostly only carried out 
by the Central Lombok Population and Civil Registration 
Office. In measuring the level of satisfaction and 
acceptance of the community, especially the Central 
Lombok community and SEMAIK application service 
users, researchers will use usability testing analysis with the 
System Usability Scale (SUS) method. 

Usability is a qualitative evaluation that measures the 
extent to which users can easily use the interface of an 
application [6]. Usability is a parameter to assess the extent 
to which users are able to access the functionality of a 
system effectively, efficiently, and satisfactorily when 
achieving certain goals [7]. Usability testing is a form of 
non-functional software testing that considers evaluation 
from the aspect of human interaction [8]. This research 
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chose the SUS method in testing because SUS is in the form 
of a questionnaire with ten statements, considered very 
simple and easy for respondents to understand. The result 
of this questionnaire is a single score scored using a 0-100 
scale, making it easier for researchers to evaluate the 
quality and acceptance of the application. The testing 
approach with the SUS method focuses on the user's 
pperspective o that the results are in accordance with the 
experience experienced by the end user [9]. 

Usability evaluation on mobile device applications with 
the heuristic evaluation and UsabilityTestingMethod with 
20 respondents was obtained in the satisfaction aspect, 
resulting in an SUS value of 45.62 with not acceptable 
acceptance [10]. Then, research with the title Analysis of 
Online Learning Systems Using the SUS Method resulted 
in an average SUS value of 65.67 with a marginal high 
acceptance level [11]. The next research is entitled Analysis 
of the Code Farmer Website Using SUS (System Usability 
Scale). From 20 red, the average SUS value is 72.25, with 
an acceptable level [12]. Research on the Riau Education 
website with the title Usability Evaluation of the Riau 
Provincial Education Office Website Using the System 
Usability Scale Method, totaling 96 respondents, the 
average SUS value is 7, with a marginal low acceptance 
level [13]. Research on the Shopee website with the title 
Shopee Website Usability Evaluation Using SUS obtained 
an SUS score of 67.08 with a marginally high acceptance 
level [14]. Finally, testing on the Sipinter e-learning 
website at SMK Nurul Islam Cianjur received an SUS score 
of 66.61 at an acceptable level [15]. 

The purpose of this study was to determine the effect of 
the new system implemented, namely the SEMAIK 
application at the Central Lombok Regency Population and 
Civil Registration Office, on the number of applications or 
submissions for population administration (Adminduk). By 
measuring the level of satisfaction and acceptance of the 
SEMAIK application using the SUS (System Usability 
Scale) method, researchers can determine the level of 
public acceptance of the SEMAIK application service. 
From the level of community acceptance, researchers will 
also compare it with Adminduk application data so that 
researchers can determine the effect and relationship of the 
SEMAIK application implementation on the number of 
Adminduk applications or submissions in the Central 
Lombok Regency area. The hope of this research is that the 
SEMAIK application can develop so that it continues to 
serve the people of Central Lombok to provide convenience 
in making submissions or applications in managing 
population administration. Disdukcapil Central Lombok 
continues to strive to listen to opinions and suggestions 
from the community in developing the SEMAIK 
application so that it can be accepted and useful for the 
community. With this research, hopefully it can be a 
reference and assessment material in developing the 
SEMAIK application so that the number of submissions 
and applications using this service can continue to increase. 

II. RESEARCH METHODOLOGY 
This study was designed to determine the effect of using 

the online population administration service application 
(SEMAIK) on the number of applications for population 
administration at the Population and Civil Registration 

Office of Central Lombok Regency. To achieve these 
objectives, a systematic methodological approach was used 
to obtain valid and reliable data and information. 
A. Research Stages 

Problem Identification

Literature Study

Data Collection

Design Questionnaire

Data Comparison

Questionnaire 
Recapitulation

Comparison Result

Finish

Start

Interview

Observation

 
Fig 1. Research Stages 

 
1. Problem Identification 

The purpose of this study is to assess the level of 
community acceptance of the SEMAIK application and 
identify the impact that the SEMAIK application has on 
the services provided by Disdukcapil Central Lombok. 
In particular, this study will evaluate how much the 
SEMAIK application contributes to the number of 
population administration applications. 

2. Literature Study/Data Collection 
The literature study activity involved finding related 
research sources to support the ongoing research. The 
sources used in this research include scientific journals, 
books, and theses. To gain a deeper understanding of the 
research being carried out, researchers also conducted 
interviews and direct observations at the Central 
Lombok Disdukcapil office. 
a. An interview is an activity to collect data directly by 

asking or discussing with the resource person. The 
sources interviewed by the researcher included 
SEMAIK employees (admin) of the Central 
Lombok Disdukcapil, vendor owners of the 
SEMAIK application, and people who made 
submissions at the service and information counters. 

b. Observation is an action that is carried out directly, 
involving direct observation, study, and testing 
using the SEMAIK application using the admin 
computer at the Central Lombok Disdukcapil office. 
In addition, researchers also monitored the activities 
of people who submitted applications through the 
SEMAIK application at the service counter. From 
this stage, researchers obtained data on Adminduk 
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applications through the SEMAIK application for 
the 2021-2023 period. This data comes from the 
database managed by the vendor handling the 
SEMAIK application. The following data is in 
tabular form. 

 
Table 1. SEMAIK Application Submission Data for the 2021-2023 

Period (Data Source: Disdukcapil) 
Type of Service 2021 2022 2023 

Birth Certificate 437 588 472 
Death Certificate 84 137 236 
Identity card revision 742 647 518 
Lost/damaged identity card 338 387 441 
Child Identity Card 410 437 548 
New family card for baby 533 477 624 
New family card for marriage 360 283 436 
New family card to add member 72 121 213 
Family card lost/damaged and 
revision 176 297 348 

SKP WNI 249 178 226 
Total 3401 3552 4062 

 
3. Developing a Questionnaire 

A questionnaire is the first form of a survey. In the 
questionnaire, each respondent is given a series of 
questions or statements that must be answered, and then 
the respondent's answers will be further analyzed [16]. 
The use of the SUS questionnaire is an effective way to 
collect statistically valid data while providing an 
assessment with a clear and accurate score [8]. The 
System Usability Scale (SUS) questionnaire consists of 
ten statements that are rated by respondents using a 
Likert scale of 1-5 as an indicator of the level of 
agreement with each statement. The SUS questionnaire, 
which has been translated into Indonesian by [17], has 
gone through a reliability measurement process. The 
evaluation resulted in an Alpha Cronbach coefficient of 
0.841 [8]. The SUS questionnaire is then converted into 
a Google Form, which will be distributed to each 
respondent via a link from Google Form. Participants in 
SUS are individual end users of a software product to 
be evaluated or tested [18]. Respondents from this study 
totaled 48 people who were users of the SEMAIK 
application. The following will be presented SUS 
Questionnaire Instrument in Table 2 and the Likert 
Scale in Table 3. 

 
Table 2. SUS Questionnaire Instrument 

No SUS Statement Score 
1 I think I will use this SEMAIK app again.  1-5 
2 I feel this SEMAIK application is 

complicated to use. 
1-5 

3 I feel this SEMAIK application is easy to 
use. 

1-5 

4 I need help from other people or 
technicians in using this SEMAIK 
application. 

1-5 

5 I feel that the features of this SEMAIK 
application run properly. 

1-5 

6 I feel that there are many things that are 
inconsistent (mismatched) in this 
SEMAIK application. 

1-5 

7 I feel others will understand how to use 
this SEMAIK app quickly. 

1-5 

8 I feel this SEMAIK app is confusing. 1-5 
9 I feel there are no obstacles in using the 

SEMAIK app. 
1-5 

10 I need to familiarize myself first before 
using this SEMAIK application. 

1-5 

 
Table 2 contains 10 statements from the SUS 
questionnaire instrument that have a choice of scores 1-
5 to be selected by respondents. Respondents must 
choose one of 1-5. 

 
Table 3. Likert Scale 
Scale Score 

Strongly Disagree 1 
Disagree 2 
Neutral 3 
Agree 4 
Strongly Agree 5 

 
Table 3 is a Likert scale that is commonly used in SUS 
questionnaires. It can be seen from each score that it 
shows the level of agreement with the statements in the 
SUS questionnaire. Respondents will choose one of 
these score options [8]. 

 
4. Questionnaire Recapitulation 

The results of the questionnaire will then be calculated 
using the following equation: 

 
      (1) 
 
 

From the amount obtained, it will then be totaled as a 
whole, and then the average value of the SUS score will 
be sought. The score range on the System Usability 
Scale (SUS) questionnaire is from 0 to 100, with an 
average value of 68 for websites. If the score exceeds 
68, it indicates that the user is satisfied [8]. From the 
interval score obtained, the level of satisfaction will 
then be measured using Acceptabii, Gradgrade scale , d 
adjective rating. 

 

 
Fig 2. SUS Satisfaction Assessment Instrument published by A. 

Bangor, P.T. Kortum, and J.T. Miller, 2009 
 
5. Data Comparison 

The results of the SUS assessment of the SEMAIK 
application will then be linked to data on the number of 
Adminduk applications to determine the relationship 
between the effect of the implementation of the 
SEMAIK application through the SUS method and the 
number of Adminduk applications at the Central 
Lombok Civil Registration Office. 
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6. Comparison Results 
Comparison results are the final stage of research in the 
form of conclusions. 

III. RESULTS AND DISCUSSION 
The SEMAIK application is a breakthrough in the 

provision of online public services by the Central Lombok 
Disdukcapil, in the form of a website-based application 
with the link https://semaik.lomboktengahkab.go.id/ and 
Android applications that can be downloaded on the Play 
Store by searching for "SEMAIK Disdukcapil Central 
Lombok." Launched in 2021, SEMAIK is the result of 
innovation by the Central Lombok Disdukcapil, which 
aims to facilitate population administration services for the 
people of Central Lombok without having to attend the 
physical Disdukcapil office. The process of applying for 
population administration through SEMAIK requires 
supporting documents in accordance with the specified 
requirements. The application provides 12 online services;, 
these include making birth and death certificates, printing 
new Electronic Identity Cards (KTP EL), applying for lost 
or damaged KTP EL, printing KTP recording certificates, 
printing new Family Cards (KK) for newborn babies, 
printing new KKs for new events such as marriage (Pecah 
KK), printing new KKs for additional family members, 
printing KKs for lost, damaged, or revised cases, printing 
Child Identity Cards (KIA), applying for Indonesian 
Citizen Recording Certificates (SKPWNI), and complaint 
or assistance services. 

 

 
Fig 3. SEMAIK Home Screen 

 
A. SUS Questionnaire Recapitulation 

Based on the SUS questionnaire assessment conducted 
on the SEMAIK application involving 48 respondents 
who are end users or end users, the following results are 
obtained: 

 
Table 4. SUS Questionnaire Results (Data Source: Results of 

research data processing) 
Respondent XI X2 X3 X4 X5 X6 

R1 3 4 4 2 3 2 
R2 4 4 4 2 4 2 
R3 3 4 4 4 4 2 
R4 5 4 4 2 4 3 
R5 3 3 2 3 2 3 
R6 2 4 2 4 3 3 
R7 4 2 4 1 4 3 
R8 4 4 2 3 2 3 
R9 5 1 4 1 4 3 
R10 4 2 3 1 4 4 
R11 3 1 5 3 4 3 
R12 5 3 5 2 4 2 

R13 3 4 1 3 3 3 
R14 4 4 3 4 2 3 
R15 4 1 4 2 4 2 
R16 4 2 4 3 4 2 
R17 3 2 4 4 4 2 
R18 3 1 5 5 5 2 
R19 5 3 3 4 3 2 
R20 4 2 4 4 2 2 
R21 5 2 3 5 5 3 
R22 5 3 3 4 5 1 
R23 4 2 3 2 4 2 
R24 4 1 4 4 5 2 
R25 3 1 5 1 4 1 
R26 4 3 5 4 4 3 
R27 4 3 5 3 3 3 
R28 4 2 5 5 5 3 
R29 5 3 3 4 3 2 
R30 4 2 4 4 2 2 
R31 3 2 3 5 5 3 
R32 5 3 3 4 5 1 
R33 4 2 3 2 4 2 
R34 4 1 4 4 5 2 
R35 3 3 2 3 2 3 
R36 2 4 2 4 3 3 
R37 4 2 4 1 4 3 
R38 4 4 2 3 2 3 
R39 5 1 4 1 4 3 
R40 4 2 3 1 4 3 
R41 4 1 5 3 4 3 
R42 3 4 1 3 3 3 
R43 5 4 3 4 2 3 
R44 5 1 4 2 4 2 
R45 4 2 4 3 3 2 
R46 3 2 4 4 4 2 
R47 5 1 4 1 4 3 
R48 4 2 3 1 4 3 

 
Table 5. SUS Questionnaire Results continued 

Respondent X7 X8 X9 X10 Jumlah 
Jumlah 
dikali 

2,5 
R1 3 2 2 2 27 67.5 
R2 4 2 3 2 31 77.5 
R3 5 2 4 3 35 87.5 
R4 3 3 4 2 34 85 
R5 3 3 4 4 30 75 
R6 2 4 3 4 31 77.5 
R7 3 2 4 2 29 72.5 
R8 3 4 2 4 31 77.5 
R9 5 1 3 1 28 70 
R10 4 2 4 2 30 75 
R11 4 1 4 1 29 72.5 
R12 3 2 4 2 32 80 
R13 1 4 4 3 29 72.5 
R14 3 3 4 2 32 80 
R15 4 2 2 1 26 65 
R16 4 1 3 4 31 77.5 
R17 3 2 5 5 34 85 
R18 2 3 4 4 34 85 
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R19 3 2 4 5 34 85 
R20 2 3 3 3 29 72.5 
R21 3 2 3 3 34 85 
R22 3 2 4 5 35 87.5 
R23 1 2 4 4 28 70 
R24 4 2 4 3 33 82.5 
R25 4 1 5 2 27 67.5 
R26 3 2 3 4 35 87.5 
R27 3 2 3 4 33 82.5 
R28 3 2 4 4 37 92.5 
R29 3 2 4 5 34 85 
R30 2 3 3 3 29 72.5 
R31 3 2 3 3 32 80 
R32 3 2 4 5 35 87.5 
R33 1 2 4 4 28 70 
R34 4 2 4 3 33 82.5 
R35 3 3 4 4 30 75 
R36 2 4 3 5 32 80 
R37 3 2 4 2 29 72.5 
R38 3 4 2 4 31 77.5 
R39 3 1 5 1 28 70 
R40 4 2 3 2 28 70 
R41 3 1 4 1 29 72.5 
R42 1 4 3 3 28 70 
R43 3 3 4 2 33 82.5 
R44 4 2 2 1 27 67.5 
R45 4 1 4 3 30 75 
R46 3 2 3 3 30 75 
R47 3 1 3 1 26 65 
R48 4 2 3 2 28 70 

Jumlah 3695 
Rata rata 73.9 

 
Based on table 4 and table 5, the average SUS value is 

73.9, which means that the SEMAIK application is quite 
good in terms of satisfaction and acceptance. By using the 
SUS satisfaction assessment instrument as in Figure 1, four 
acceptability ranges are at Marginal High, having Grade C, 
and radjective ratings in the Good to Excellent category 
range  can be seen in Figure 4. 

 

 
Fig 4. Assessment of SUS results of SEMAIK application on SUS 

Satisfaction Assessment Instrument 

IV. CONCLUSION 
In this study using the SUS method, the SEMAIK 

application received an average SUS score of 73.9, with 
acceptability ranges being at Marginal High, having Grade 
C, and for adjective ratings in the Good to Excellent 
category range, the level of user satisfaction and acceptance 
is good. This research is very limited, given the small 
number of respondents. The hope of the researcher is that 
in future studies the number of respondents involved in 
similar research can be increased in order to get much better 
SUS score results. 
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Registration of proposal seminars at the Sheikh Abdul Halim Hasan Binjai Institute is still done manually, which causes problems such 
as late information, errors in data recording, and lack of efficiency in administrative management. The institute currently has 
approximately 1,200 active students, with an average of 150–200 students submitting seminar proposals each semester. This increasing 
number of participants makes the manual system even more burdensome and prone to errors. To overcome these problems, a website-
based proposal seminar registration system was implemented. This system is designed to make it easier for students to register, as well 
as help the administration in managing the data of seminar participants in a more effective and structured manner. The system 
development uses the PHP programming language with a MySQL database and the waterfall development method as a systematic 
approach in the implementation process. The results of the implementation show that the system is able to improve the efficiency of 
the registration process, minimize data errors, and provide real-time information for students and supervisors. With this system, it is 
expected that the proposal seminar administration process will become more organized and transparent. 
 
Keywords: Information System, Proposal Seminar, Online Registration, Website, Implementation. 

I. INTRODUCTION 
The development of information technology has had a 

significant impact in various fields of life, including the 
higher education sector. Efficiency in academic 
administration management is one of the important 
challenges, especially in the process of registering student 
proposal seminars. Institut Sheikh Abdul Halim Hasan 
Binjai is currently still implementing a manual system in 
the registration process, which causes various obstacles 
such as delays in data processing, risk of losing documents, 
and inefficiency in validation and scheduling. 

Moreover, the number of students has been increasing 
steadily—by approximately 15% each year—from around 
1,000 in 2020 to about 1,150 in 2024. As a result, the 
manual system is no longer considered adequate to support 
the smooth running of the academic process. Therefore, the 
implementation of a website-based proposal seminar 
registration system is a strategic solution that not only 
addresses administrative inefficiencies but also supports 
the overall digital transformation of the campus. This 
system allows students to upload documents online, 
monitor their registration status in real-time, and reduce 
dependence on physical files [1]. 

In addition to providing convenience for students, the 
system also helps the administration in verifying data, 
preparing seminar schedules, and managing information in 
a structured and efficient manner. This transformation is in 
line with the concept of digital transformation in higher 
education, which emphasizes the importance of adopting 
digital technology to improve service quality and 
institutional governance (Vial, 2019).  

II. RESEARCH METHODOLOGY 
2.1 Research Location 
Research and implementation of this system was carried 
out at the Institute of Sheikh Abdul Halim Hasan Binjai, 
which is located at Jl. Ir. H. Juandao. 5, Timbang Langkat, 

Kec. East Binjai, Binjai City, North Sumatra 20735. This 
location was chosen because it is an institution where 
practical work is carried out and has a real need for 
digitizing the administrative process of registering seminar 
proposals [2]. 
 
2.2 Research Time 
Research and system development activities were carried 
out during the implementation of practical work which took 
place from August 5, 2024 to September 5, 2024. During 
this period, the author made observations, analyzed the old 
system, designed a new system, and tested the functionality 
of the website-based system [3]. 
 
2.3 Research Methods 
The research method used in this project is the software 
engineering approach with the Waterfall model. This model 
was chosen because it offers a systematic and sequential 
development process that is suitable for projects with well-
defined requirements from the outset. 

 
Fig 1. Waterfall Development Model 

 
The Waterfall model consists of the following stages: 
1. Requirements Analysis 

Identifying the problems of the existing manual system 
and formulating the functional and non-functional 
requirements of the new system. 
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2. System Design 
Designing the system structure, which includes 
flowcharts, use case diagrams, activity diagrams, and 
database design to provide a blueprint for system 
development. 

3. Implementation 
Developing the system based on the design using web 
technologies such as PHP and MySQL.  

4. Testing 
Conducting tests using the black-box testing method to 
verify whether each function of the system works 
according to the requirements. 

5. Maintenance 
Performing corrections or improvements after the 
system is implemented, including fixing bugs or adding 
new features as needed [4]. 

 
2.4 Technology Used 
In developing this proposal seminar registration system, the 
technologies used include: 
XAMPP: As a local server to run Apache and MySQL. 
1. PHP: Server-side programming language for building 

application logic. 
2. HTML & CSS: To build the structure and appearance of 

the system interface. 
3. MySQL: As a database management system to store 

registration data. 
4. phpMyAdmin: As a visual aid in database management. 
5. Visual Studio Code: A text editor used to write,  

manage, and debug program code [5]. 
 

2.5 System Design 
This system is designed to digitize the proposal seminar 
registration process with two types of users, namely 
students and admins. The main features of the system 
include: 
1. Login page: To differentiate student and admin access. 
2. Registration Form: Filled in by students with digital 

documents such as KTM, KHS, and proof of payment. 
3. Admin Dashboard: Admin can verify data, 

approve/reject registration, and filter by faculty. 
4. Status Notification: Students can see the status of their 

application whether it is approved, rejected, or pending. 
System design includes: 
The system design is carried out using the Unified 
Modeling Language (UML) approach, which includes 
several diagrams to facilitate understanding and 
implementation of the system, namely: 
1. Use Case Diagram: To illustrate the interaction between 

the user and the system. 
2. Flowchart: To visualize the workflow process of the 

system. 
3. Activity Diagram: To describe the activity steps of the 

system. 
4. Database Design: Using three main tables: student, 

admin, and registration. 
 

This section presents the design process of a web-based 
seminar proposal registration system through several 
diagrams and modeling stages, as follows: 
 
A. Use Case Diagram 

The Use Case Diagram is a visual modeling tool that is 
part of the Unified Modeling Language (UML), commonly 
used in software engineering to describe the functional 
behavior of a system from the user’s perspective. It outlines 
the interactions between external entities, known as actors, 
and the system itself through defined use cases, which 
represent specific functionalities or services provided by 
the system [6]. 

Use case diagrams typically consist of actors, use cases, 
and the relationships between them. Actors may be human 
users or external systems that interact with the application. 
The diagram helps stakeholders understand the system's 
scope and the boundaries of what it will do. It is especially 
useful during the early stages of system analysis and 
requirement gathering because it presents a high-level 
overview without delving into internal logic or 
implementation. 

In addition to identifying interactions, use case 
diagrams provide clarity on user roles, system 
functionality, and expectations from different user types. 
This makes them a critical part of system documentation 
and a reference point throughout the development lifecycle. 

In this system, there are two primary actors: students 
and the website admin. 
 

 
Fig 2. Use Case Diagram of the Seminar Proposal Registration 

System 

The admin has access to several key functions in the 
system, including logging into the platform, reviewing 
student registration data, approving or rejecting 
submissions, and deleting entries when necessary. After 
completing these tasks, the admin can log out of the system. 
On the other hand, students are able to log in to the system, 
fill out the seminar proposal registration form by uploading 
the required documents, check the status of their 
registration (whether accepted or rejected), and then log out 
after completing the process `[2]. 
 
 
 
B. Flowchart 
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A flowchart is a graphical representation used to 
systematically illustrate workflows or processes. In a 
flowchart, process steps are displayed using standardized 
symbols, such as rectangles to represent process activities, 
diamonds for decision points, and arrows to indicate the 
logical sequence or flow of actions. These symbols help in 
understanding the order of operations and the decision-
making paths within a process. 

Flowcharts are highly beneficial in various contexts, 
including system design, business analysis, and software 
development. In system design specifically, flowcharts are 
used to visualize workflow, document procedures, and 
design systems in a more structured and comprehensible 
manner for different stakeholders. By using flowcharts, 
complex processes become simpler and easier to interpret. 

The creation of a flowchart involves several steps, 
including identifying key actions, selecting appropriate 
symbols, and determining the logical flow between steps. 
Flowcharts enhance efficiency and effectiveness in 
understanding processes, facilitate communication across 
teams, and support more informed decision-making. 

The flowchart is used to describe the system's workflow 
systematically using standard graphic symbols such as 
arrows, process boxes, and decision diamonds 
 

 
Fig 3. Flowchart of the Seminar Proposal Registration System 

The registration process begins when a student accesses the 
login page and enters their email and password. The system 
then validates the credentials provided. If the login 

information is valid, the student is redirected to the main 
page; otherwise, they are returned to the login page to re-
enter their data. Once successfully logged in, the student 
fills out the seminar proposal registration form with the 
required information and uploads supporting documents. 
The system processes and stores the submitted data, after 
which the student can view the result of their registration, 
whether it is approved or rejected. 
 
C. Activity Diagram 

An activity diagram is a type of diagram used to 
visualize the workflow or sequence of activities within a 
system. It focuses on the processes, system components, 
and the interactions between these components to ensure 
integrated and efficient functionality. In an activity 
diagram, the main activities are depicted using symbols 
such as circles for actions, arrows for flows, and structured 
boxes for process steps [7]. 

One practical example of an activity diagram is its 
application in a web-based seminar proposal registration 
system. The activity diagram illustrates the process flow 
from user login, registration form submission, to the 
validation and data management performed by the admin. 
It also shows how the collected information is processed 
and how the registration outcomes are presented to 
students. With the help of an activity diagram, the 
workflow of the system becomes more structured and 
easier to understand for all stakeholders involved. 

The use of activity diagrams is essential in system 
design as it helps visualize how the system interacts with 
users and how data flows between components. This 
greatly supports the planning, development, and evaluation 
of the system to ensure operational efficiency and 
effectiveness [8]. 

The Activity Diagram describes the flow of activities 
from login to form submission, verification, and final 
result. It provides a visual model of the dynamic behavior 
of the system. 

 

 
Fig 4. Activity Diagram of the Seminar Proposal Registration 

System 
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This diagram helps in understanding the workflow in a 
structured and efficient manner. 
 
D. Database Design 

A database is a core component of any application, 
functioning as a repository for structured and integrated 
data. It allows the application to manage, store, and retrieve 
information efficiently and in an organized manner. The 
primary purpose of a database is to provide a structure that 
facilitates easy access and manipulation of data, enabling 
information to be processed quickly and accurately[9]. 

In the context of an application, the database serves as 
the "backbone" that connects all components of the system 
such as features, menus, and services so that they can 
interact seamlessly. Without a proper database, data 
generated by the application cannot be managed 
effectively. For example, in a web-based seminar proposal 
registration system, the database stores student records, 
registration forms, and related information, allowing the 
data management process to be conducted in a structured 
and integrated way [10]. 

Moreover, the database plays a crucial role in ensuring 
data integrity and supporting informed decision-making. 
With a well-designed database, applications can run more 
efficiently and help users access the necessary information 
without concerns about data loss or inconsistencies [6]. 

The database is named db_sidang_seminar and consists 
of three main tables: students, admin, and registration [11]. 

 
Table 1. Structure of Students Table 

Field 
Name 

Data Type Size Description 

nim varchar 15 - 
name varchar 100 - 
email varchar 100 - 

password varchar 255 - 
 

Table 2. Structure of Admin Table 
Field 
Name 

Data Type Size Description 

id_admin Int 11 Primary 
Key 

name varchar 100 - 
email varchar 100 - 

password varchar 255 - 
 

Table 3. Structure of Registration Table 
Field Name Data 

Type 
Size Descriptio

n 
id_registration int 11 Primary 

Key 
name varchar 200 - 
nim int 15 - 

faculty varchar 200 - 
program varchar 200 - 

advisor_one varchar 200 PDF 
advisor_two varchar 200 PDF 

student_id_card varchar 200 PDF 
tuition_payment_

proof 
varchar 200 PDF 

seminar_payment
_proof 

varchar 200 PDF 

proposal_cover_c
opy 

varchar 200 PDF 

approval_form_o
ne 

varchar 200 PDF 

approval_form_t
wo 

varchar 200 PDF 

seminar_applicati
on_letter 

varchar 200 PDF 

transcript_semest
ers_1_to_7 

varchar 200 PDF 

seminar_attendan
ce_card 

varchar 200 PDF 

status enum 3 ‘Pending’, 
‘Approved

’, 
‘Rejected’ 

registration_date date - - 
 

 
Fig 5. Database Relationship Design of the Seminar Proposal 

Registration System 

III. RESULTS AND DISCUSSION  
The seminar proposal registration system consists of 

two user levels: website admin and student. Upon accessing 
the system, users are directed to the login page [12]. 

 
Fig 6. Login Page of the Seminar Proposal Registration System 

 Each user role has specific functions and access rights, 
which are explained as follows: 
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1. Admin Login 
When logging in as an admin, the user is directed to the 
admin dashboard [13]. 

 
Fig 7. Admin Dashboard Page 

 

 
Fig 8. Admin Registration Data Page (Empty State) 

 

 
Fig 9. Admin Registration Data Page (With Data) 

 

 
Fig 10. Admin Action Buttons (Approved, Reject, Delete) 

 
The dashboard consists of two main menus: Home and 
Registration Data. The Home page displays an overview of 
registered data, while the Registration Data menu allows 
the admin to view detailed registration entries, filter data by 
faculty, and perform actions such as approving, rejecting, 
or deleting submissions [14]. 

 
2. Student Login 
The interface for student users slightly differs from the 
admin view. 

 
Fig 11. Student Dasboard Page 

 
Fig 12. Seminar Proposal Registration Form (Student) 
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Fig 13. Registration Result Page (Student) 

 
Student users are provided with two main menus: the 
Registration Form and the Registration Results. Students 
can input the required data through the form, and afterward, 
view the results of their submission—whether it is 
approved, rejected, or deleted by the admin [15]. 
 
Testing is an essential phase in the software development 
lifecycle to ensure the system operates as expected and 
meets user requirements. In this project, black box testing 
was conducted to validate the functional aspects of the 
seminar proposal registration system without examining its 
internal code structure. The black box testing focuses on the 
input-output behavior of the system, verifying that the 
system processes inputs correctly and generates the 
expected outputs. The following table summarizes the 
black box test cases, including test inputs, expected 
outcomes, and actual results: 
 
1. Testing on the Login Form 
 

Table 4. Black Box Testing Table on Login Form 
Field Description 
No 1 

Test Scenario Did not input data 
Test Case 

 
Expected Result The system will notify 

that the data is empty 
Test Result 

 
Note Successful 
No 2 

Test Scenario Input data but one is 
incorrect 

Test Case 

 
Expected Result The system will reject the 

login 
Test Result 

 
Note Successful 
No 3 

Test Scenario Input correct email and 
password 

Test Case 

 
Expected Result The system will grant 

login access and redirect 
to the main page 

Test Result 

 
Note Successful 

 
2. Testing on the Registration Form 
 

Table 5. Black Box Testing Table on Registration Form 
Field Description 
No 1 

Test Scenario Did not input data into the 
registration form 

Test Case 

 
Expected Result The system will notify 

that the data is empty 
Test Result 

 
Note Successful 
No 2 
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Test Scenario Input data but not 
completely 

Test Case 

 
Expected Result The system will notify 

which data fields are still 
empty 

Test Result 

 
Note Successful 
No 3 

Test Scenario Input complete and 
correct data 

Test Case 

 
Expected Result The system will accept 

the data 
Test Result 

 
Note Successful 

 
3. Testing on the Admin Dashboard Form 
 

Table 6. Black Box Testing Table on Admin Dashboard Form 
Field Description 
No 1 

Test Scenario Click the checkmark 
button 

Test Case 

 
Expected Result The system will change 

the data status to 
"Approved" 

Test Result 

 
Note Successful 
No 2 

Test Scenario Click the cross button 

Test Case 

 
Expected Result The system will change 

the data status to 
"Rejected" 

Test Result 

 
Note Successful 
No 3 

Test Scenario Click the trash bin button 
Test Case 

 
Expected Result The system will delete the 

data 
Test Result 

 
Note Successful 

 
4. Testing the Data Filtering by Each Faculty 
 

Table 7. Black Box Testing Table on Data Filter by Each Faculty 
Field Description 
No 1 

Test Scenario Filter data by Faculty of 
Sharia and Law 

Test Case 

 
Expected Result The system will display 

registration data from the 
Faculty of Sharia and Law 

Test Result 

 
Note Successful 
No 2 

Test Scenario Filter data by Faculty of 
Education and Teaching 
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Test Case 

 
Expected Result The system will display 

registration data from the 
Faculty of Education and 

Teaching 
Test Result 

 
Note Successful 
No 3 

Test Scenario Filter data by Faculty of 
Economics and Islamic 

Business 
Test Case 

 
Expected Result The system will display 

registration data from the 
Faculty of Economics and 

Islamic Business 
Test Result 

 
Note Successful 

 

IV. CONCLUSION 
This study concludes that the design and 

implementation of a web-based seminar proposal 
registration system can significantly streamline and 
improve the administrative process at Institut Syekh Abdul 
Halim Hasan Binjai. The system enables students to 
register online, submit required documents digitally, and 
monitor the status of their submissions, thereby minimizing 
manual interaction and reducing processing time. 

To ensure the system's functionality and reliability, 
black box testing was conducted across several main 
features, including login, registration, admin dashboard 
operations, and data filtering by faculty. The results showed 
that all functionalities performed as expected. For instance, 

the login form correctly responded to both valid and invalid 
inputs, the registration form validated incomplete data 
accurately, and the admin dashboard successfully updated 
or deleted records. Furthermore, the data filtering feature 
appropriately displayed data based on selected faculties. 

The system provides an efficient, accessible, and user-
friendly platform that benefits both students and 
administrative staff. It improves data accuracy, simplifies 
validation procedures, and supports better transparency in 
registration handling. The use of a web-based system also 
aligns with the institution’s goal of digital transformation 
in academic services. 

Future development of this system may include the 
integration of notification features, mobile responsiveness, 
or synchronization with the campus academic system to 
further enhance usability and operational efficiency. 
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Abstract − Excess sugar consumption is a global concern as it plays an active role in increasing the risk of non-communicable diseases 
(NCDs) such as obesity, type 2 diabetes and heart disease. In Indonesia, intense consumption of sugary packaged drinks is influenced 
by lifestyle changes and low public awareness of its impact. This study develops a web-based system to help users determine the safe 
limit of consumption of packaged sugary drinks, based on daily calorie needs calculated using the Mifflin-St Jeor formula. the 
application was designed using the prototype method to ensure interactive and user-oriented development. Assessment conducted 
through the System Usability Scale (SUS) method indicated that the prototype achieved an average score of 76.6, placing it in the 
'Good' classification with a Grade B rating. This finding proves that the system has a good level of usability and is acceptable to users. 
This system has the potential to become an educational media that supports increasing public awareness of the dangers of excessive 
sugar consumption, through providing information that is easily accessible and easy to understand, and is expected to contribute to 
efforts to prevent non-communicable diseases (NCDs) in Indonesia. 
 
Keywords – Sugar, Packaged Beverages, Non-Communicable Diseases, Prototype 

I. INTRODUCTION  
Excessive sugar consumption has become a global 

concern in recent years. Sugar, which is commonly used as 
an added sweetener in a wide variety of beverages and food 
products, can have adverse health effects if consumed in 
excess. World Health Organization (WHO) has warned that 
sugar consumption beyond safe limits can lead to an 
increased risk of obesity, type 2 diabetes and coronary heart 
disease. [1]. This warning is all more serious because 
people's diets tend to change, with the consumption of 
foods and beverages containing high sugar content 
becoming more prevalent. [2]. 

This phenomenon is of concern in Indonesia. Non-
communicable diseases (NCDs) such as obesity and 
diabetes mellitus, which were once more common in 
developed countries, are now rising sharply in developing 
countries such as Indonesia. [3]. According to data from 
Global Burden of Disease 2019 and Injuries Collaborators 
2020, NCD are the cause of 80% of death cases in 
Indonesia in just five years [4], One of factors for high 
number of NCD is pattern of public consumption, 
particularly the high consumption sugar-sweetened 
packaged beverages (SSB). Based on research, Indonesia 
ranks third in Southeast Asia with consumption of 
packaged sweetened drinks of 20.23 liters per person [5].  

This problem is driven by the increasing consumption 
of sugar-rich packaged beverages, which have become an 
easily accessible option for people of all ages and 
socioeconomic backgrounds. [6], which makes it one of the 
main causes of the high rate of diabetes in society, this can 
worsen the health situation, resulting in a variety of 
diseases associated with excess sugar consumption. 

Several previous studies have developed various 
applications to help calculate daily calorie needs and 
healthy diet planning. OnTrack [7] using CNN and UCD 
methods with food recognition features, gamification, and 
meal plan recommendations for teenagers aged 17-21 
years, with excellent usability test results (score 79.5).[8] 
designed an R&D-based android application that provides 

clear calorie information and received a positive user 
response. [9] uses fuzzy logic to provide menu suggestions 
based on an individual's nutritional status based on 
anthropometric and daily activity inputs. [10] developed 
the prototype-based Go Healthy Life, with features of 
calorie calculation, BMI, and online nutrition consultation, 
which proved to be effective and accurate with a 92% 
success rate. Meanwhile, the Bowll application [11] It is 
built using the waterfall method, provides calorie 
estimation as well as BMI calculation, and the application 
can show a positive response to user needs. 

From various previous studies have developed 
applications to support a healthy lifestyle, but no one has 
specifically discussed related to the daily sugar intake limit 
in consuming packaged beverages based on user 
characteristics, using calorie calculations. Previous studies 
have tended to focus on food in general or calorie counting 
without highlighting the specific impact of sugar 
consumption in sugary drinks, which is a contributor to 
health risks such as obesity and diabetes. 

This research aims to develop a web-based application 
designed to help people calculate the safe limit of 
consuming packaged sugary drinks based on user 
characteristics. In addition, this research also focuses on 
evaluating the effectiveness of the application, as well as 
increasing public awareness about the dangers of excessive 
sugar consumption and helping to manage daily sugar 
intake more wisely. This application is equipped with 
education to provide a deeper understanding of the health 
impacts of excessive sugar consumption. 

Web application was developed using the prototype 
method, which allows developers and users to interact 
continuously during the development process, resulting in 
a more organized application [12]. Through this strategy, 
application development can be more flexible and 
responsive to user feedback at every stage. For calorie 
calculations using the Mifflin-St Jeor formula, which 
considers aspects such as age, gender, weight, height, and 
level of physical activity [13]. In addition, to assess the 
level of user usability of the developed application, the 



JISA (Jurnal Informatika dan Sains)   e-ISSN: 2614-8404 
 Vol. 08, No. 01, June 2025   p-ISSN: 2776-3234  
        

 
JISA (Jurnal Informatika dan Sains) (e-ISSN: 2614-8404) is published by Program Studi Teknik Informatika, Universitas Trilogi 
under Creative Commons Attribution-ShareAlike 4.0 International License.  

  58 
 

System Usability Scale (SUS) evaluation method was used. 
This method was chosen because it has been proven as a 
reliable and simple measuring tool in evaluating user 
perceptions of the ease of use of the system, as well as 
providing a quantitative description of the usability quality 
of the resulting prototype [14]. 

II. RESEARCH METHODOLOGY  
in development of web applications, using prototype 

method. In this process, a design flow is needed to explain 
each component and process involved to provide a clear 
picture of how the system is designed and implemented. 

 
Fig 1. Research flow 

A. Requirement 
Identification of needs is carried out to determine and 

ensure that all components, both hardware and software, 
are available and according to the specifications needed so 
that the research process can run smoothly. 

In this research, using literature study as a collection of 
needs, this is done by searching various sources such as 
journals, where the collected literature material is evaluated 
to ensure its suitability for the ideas and hypotheses 
developed [15].  

Next, a problem analysis is conducted as a way to 
understand and identify the problem. purpose of the 
analysis is to find the root of the problem, assess its impact, 
and formulate an effective solution. This process is 
according to the results of literature study, which is then 
processed to identify knowledge gaps or certain aspects that 
have not been implemented in previous research [16]. 

B. Quick Design 
At the design stage, wireframes are used to design user 

interface. Wireframes provide the basic structure and main 
elements of application page without paying attention to 

visual details such as color or typography [17]. use of 
wireframes helps in visualizing the page layout and 
information structure, thus facilitating the design validation 
process before entering UI/UX design stage. 

C. Build Prototype 
In making prototype, using Unified Modeling Language 

(UML) to visualize the system created. author uses three 
types of UML diagrams, namely: 
 Use Case Diagram, is utilized to illustrate how actors 

interact with the primary functions offered by the 
system. 

 Entity Relationship Diagram (ERD), serves to model 
data structure and relationships among the entities 
within the system. 

 Sequence Diagram, this diagram is used to show 
interactions between objects in the system according to 
time sequence. This diagram will help model 
interactions between the user, web interface, and 
database. 
The process of creating UI/UX to provide a clearer 

picture of the final appearance of the web application. 
UI/UX implementation will focus on principles such as, 
design consistency, accessibility, and simplicity. 

in making this prototype, the author uses coding to 
design system, which has been made previously. in its 
implementation, the author utilizes Tailwind CSS as a CSS 
framework to speed up the interface design process. also, 
author also uses Next.js as a JavaScript framework that 
helps develop web applications with high performance. 

D. User Evaluation prototype 
Prototype evaluation is carried out to assess the quality 

of prototype based on level of usability. This evaluation is 
to identify strengths and weaknesses of prototype based on 
user feedback. 

In usability assessment using the System Usability 
Scale (SUS), this method consists of ten statements that are 
assessed after user uses the system using a Likert scale from 
1 which means strongly disagree to 5 which indicates 
strongly agree [18], With questions like these. 

Table 1. SUS question 

No Questions Reference 
Source 

1 I would be happy to use this system 
again. [19] 

2 I feel the system is complicated to use. [19] 
3 I find this system easy to use. [19] 
4 I need help from other people or 

technicians in using this system. [19] 

5 I feel that the features of this system are 
working properly. [19] 

6 I feel that there are many inconsistencies 
(mismatches in this system). [19] 

7 I feel others will understand how to use 
this system quickly. [19] 

8 I find this system confusing. [19] 
9 I feel no obstacles in using this system. [19] 

10 I need to familiarize myself first before 
using this system. [19] 
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as illustrated by the questions listed above. Subsequent 
section outlines the SUS score adjustment process: 
 For odd numbered questions (positive questions), score 

is reduced by 1.  
 For even numbered questions (negative questions), 

score minus 5. 
 Total scores are then summed, converted to a 0-100 

scale, and result is multiplied by 2.5. 
Then to determine the category of system, a sus 

assessment is used as shown in the following figure. 

 
Fig 2.  SUS score 

For prototype assessment, we will select age group 
under 17 years old. based on Yayasan Lembaga Konsumen 
Indonesia (YLKI) in June 2023 in 10 cities in Indonesia, it 
was found that 25.9% of children under 17 years old 
consume sugar-sweetened packaged beverages (SSB) 
every day. In addition, 31.6% of children in this age group 
consume SSB 2 to 6 times a week. This shows that age 
group under 17 years old is a suitable segment to be 
targeted in the prototype assessment. 

E. Refining Prototype 
After SUS evaluation is conducted, the results will 

determine whether prototype gets a C or D grade, which 
states that prototype needs improvement. These 
improvements include feature enhancements, or interface 
design, and then will be re-evaluated so that the results 
show improvement [20]. if prototype meets specified 
usability standards such as getting grade A or B which 
indicates prototype is feasible to use, then the next step can 
be done. 

F. Implementation & Maintenance 
After prototype has passed the evaluation, prototype is 

considered ready to be implemented into the full 
development stage. for this stage, author will host the 
results of this prototype to the website publicly so that it 
can be used directly by users. hosting is done to ensure the 
application can be accessed by users. 

III. RESULTS AND DISCUSSION  
Research findings obtained based on the methods 

previously described in making, Information System for 
Calculating Daily Sugar Limit in Packaged Beverages with 
Prototype Method. 

A. Requirement 
Based on the results of literature study, previously 

developed applications focus on calculating total calories 
of food and beverages, without paying special attention to 
the impact of sugar consumption in packaged sweet drinks. 
in addition, in terms of education, there are not many 
applications that present information about the dangers of 
sugar consumption, either in the form of articles or videos. 

Therefore, author proposes several solutions, by 
developing a web-based application that can calculate safe 
limit of daily sugar consumption, providing educational 
content in the form of online articles and videos, focusing 
information on sugar content in various types of packaged 
sweet drinks, and providing recommendations for drinks 
that are suitable and safe for consumption based on the 
needs of each individual. 

B. Quick Design 
Design drawings of the proposed system. following is a 

complete description of the system design based on 
wireframe images that have been made. 

 
Fig.3  Wireframe 

Input page is designed to be simple, consisting of 
columns such as gender with radio button options for 
“Male” or “Female”, age, height, weight, and physical 
activity level selected through a dropdown menu, the 
system will display the calculation results of the amount of 
daily sugar consumption and daily calories based on these 
data. 

After user obtains calculation result, user selects the 
beverage product. system will display results of calculation 
amount sugar consumption product, complete with visual 
illustrations in the form the number of bottles or cups that 
illustrate maximum consumption limit. It is also equipped 
with educational information related to sugar, such as fun 
facts, online articles, and videos. 

In addition, users can also add beverage product data 
through input form, and on the right side, there is a search 
panel, helping users to view and search list of beverage 
products that already exist in database system. 

about page, contains application developer information 
as well as project objectives. on the left, there is a photo of 
creator, name, student number, and identity information. on 
the right, there is a project description, which explains 
background and purpose of creating a web. 

C. Build Prototype 
in this prototyping stage, using 3 stages, namely making 

UML, making UI/UX design and implementation using 
code, here are the results. 

1. UML (Unified Modelling Language) 
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a. Use Case Diagram 

 
Fig. 4  use case diagram 

on this diagram, users can perform various activities, 
such as entering personal data (gender, age, weight, 
height, and activity level) to calculate daily calorie and 
sugar requirements. In addition, users can search and add 
beverage products. system also offers features such as 
checking available products in database, visualization of 
consumption limits, presentation of interesting facts 
about sugar, and education through articles and videos. 
there is also an about page, to view profile of system 
creator.  

b. Entity Relationship Diagram (ERD) 

 
Fig. 5 entity relationship diagram 

This ERD illustrates relationship between main 
entities in the system, namely Users, Product List, 
Beverage Products, and Education. each entity has a 
certain role in helping overall usability of the system. 

User entity is the main actor who interacts with 
system, which has attribute to calculate calorie 
requirement and daily sugar limit for certain beverage 
products through calculation relationship process.  

Product List entity contains information related to 
beverage products, such as product name, sugar content, 
serving size per package, package volume, and beverage 
type, which are related to Beverage Products through the 
process of adding, where the product list becomes data 
source in product recording.  

Beverage Product is related to Education through the 
display process, which indicates that after beverage 
product is calculated, system will provide educational 
information related to sugar consumption, either through 
articles, videos, or fun facts, complete with source 
references.  

c. Sequence Diagram 

 
Fig. 6 calculate user daily calorie and sugar 

Page calculates the user's daily calorie and sugar 
needs, this sequence diagram shows flow of interactions 
between user, input form, system, and database in process 
of calculating daily sugar and calorie consumption limits. 
data entered by user is processed by system, then results 
are stored in database and displayed. if data is invalid, 
system will display an error message for correction. 

 
Fig. 7 determining bottled consumption and education 

Calculation page to determine the consumption of 
bottled and educational drinks, this Sequence diagram is 
interaction between user, calculation form, system, and 
database. user searches for beverage products, then 
system verifies through database. if the product is not 
found, an error message appears. if available, system 
processes data and calculates consumption limit based on 
user input. calculation results are displayed in form of a 
visualization of a bottle or cups, accompanied by 
educational information related to sugar. 
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Fig. 8 add beverage products 

Add beverage product page, illustrates flow of adding 
beverage products. user can check availability of product 
in database. system validates input, displays an error 
message if an error occurs, and requests a correction. 
Once valid, system displays a confirmation and again 
checks for data duplication. if data does not exist, system 
saves information and provides a success message. This 
process ensures data validity, prevents duplication, and 
provides feedback to user. 

 
Fig. 9 About page 

About Page, this sequence diagram shows interaction 
when a user accesses profile page. It starts when user 
clicks URL to about page, system processes request, then 
displays profile information in user interface. 

 
2. Create UI/UX Design 

UI/UX design is focused on aspects of visual 
consistency, accessibility, and interface simplicity to 
support improved user experience. Following are the 
results of UI/UX design that has been made. 

 
Fig. 10 calculate user daily calorie and sugar 

Interface of this daily calorie and sugar requirement is 
designed simply, with the use of green gradation colors, 
supported by icons that clarify each input such as age, 
height, and weight, with elements arranged vertically. 
selection of elements such as radio buttons and 
dropdowns to facilitate interaction. 

 
Fig. 11 calculation result 

Calculation result display, presents information with 
the use of green color. Important numbers such as sugar 
consumption and calories are displayed to stand out with 
different colors. messages are displayed in an easy-to- 
understand manner, with buttons to continue interaction. 

 
Fig. 12 Find Beverage Products 

A form for calculating beverage consumption, a 
beverage search feature with a sequential layout, for users 
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to fill in information such as sugar content, package 
volume, and beverage type. a consistent green color 
maintains visual continuity, with red text emphasis to 
warn users of serving sizes. daily sugar consumption limit 
information is displayed at the top, and there is also an 
option to add products. 

 
Fig .13 Ready to Drink Type Calculation Result 

This view presents beverage consumption results with 
a two-column structure. The left side contains input data, 
while right side displays visual results of number of 
bottles that can be consumed, complete with illustrations 
that facilitate understanding. use of the right color and 
text size helps to highlight important information. It is 
also equipped with fun facts, education through articles 
and videos about sugar. 

 
Fig. 14 Type Calculation Result Must be Dissolved 

This display is same for presenting the results of 
beverage consumption, difference being type of beverage 
that “must be dissolved” or powdered beverages. displays 
the visual results of the number of cups that can be 
consumed. 

 
Fig.15 Add beverage products 

This view was created to add beverage product data. 
Icons on each field help clarify the input function. the 
right side displays a list of available products with a 
search feature. this design supports data completeness 
and ease of user navigation. 

 
Fig.16 Confirm add beverage product 

Displays a confirmation modal box before the product 
data is saved. with a warning icon that signals importance. 
Product information is displayed, making it easy for users 
to double-check. This can provide control and clarity, 
preventing input errors before data is submitted. 

 
Fig.17 Add product successfully 

Shows a success notification after the product has 
been successfully added. with an icon that confirms 
success message. instruction text directs user to the next 
step. this provides clear feedback and no confusion. 
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Fig.18 About Page 

This view contains personal information and project 
description with a balanced two-column layout. left side 
displays the author's profile with name, NIM, and 
institution, accompanied by author's photo. right side 
contains a brief explanation of purpose and benefits, 
making it easier for users to understand context of 
application. this serves as an introduction to purpose of 
using the system. 

 
3. Build Prototype use Code 

Prototype is developed using coding according to 
previously design. Core of this system use mifflin-st jeor 
formula to calculate daily calorie needs. this aims to 
determine amount of daily sugar limit. following are the 
calculation stages in the application. 
1. System requests inputs from user, such as, Age, 

Gender, Weight (in kg), Height (in cm), and Physical 
activity level. 

2. Based on data provided by user, system uses Mifflin-
St Jeor formula to calculate BMR by adjusting 
formula for men or women, example, if a man is 30 
years old with a body weight of 70 kg and a height of 
175 cm. then BMR = (10 × 70) + (6.25 × 175) - (5 × 
30) + 5 = 1648.75 kcal/day. 

 
Fig. 19 BMR calculation code based on gender 

3. Adjustment to Activity Level (TDEE), calculated 
BMR value is then multiplied by activity factor based 
on user's activity level to obtain daily calorie 
requirement. For example, if user chooses an activity 
level of “ModeratelyActive”, then TDEE = 1648.75 × 
1.55 = 2555 kcal/day. 

 
Fig.20 Calculating TDEE based on activity level 

4. Based on TDEE value, app calculates daily sugar 
consumption limit according to WHO guidelines, 
which is 10% of total daily calories. For example, if 
TDEE is 2555 kcal, then calorie limit is 2555 × 0.1 = 
255.5 kcal. since 1 gram of sugar is equivalent to 4 
kcal, daily sugar consumption limit is 255.5 ÷ 4 = 63 
grams of sugar per day. These results are then saved 
into the browser's local storage using localStorage. 

 
Fig. 21 Calculate daily sugar limit from TDEE 

5. After obtaining daily sugar consumption limit, user 
selects a beverage product. for example, user selects 
Product A, which contains 22 grams of sugar in 300 
ml, then sugar content per 1 ml is calculated by 
dividing total sugar content and total contents of 
drink, which is 22 / 300. 

 
Fig.22 Take sugar data & calculate per ml 

6. Calculate number of bottles that can be consumed by 
dividing user's daily sugar consumption limit by sugar 
content per 1 ml, then dividing result by total contents 
of drink, and rounding the result. 

 
Fig. 23 Number bottles can consume 

7. Calculate the remaining consumption in ml using 
modulus (%) to obtain amount of drink that is not 
enough to fill a full bottle. remainder is then converted 
into a percentage of total contents of one bottle or cup, 
which is then used for CSS masking styling purposes. 
If there is a remainder, then that percentage will be 
added as the last element in the array, representing an 
additional bottle with the remaining available 
consumption. 
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Fig. 24 Remaining consumption in percent 

With this code, app can calculate the user's daily sugar 
consumption limit based on calorie needs, convert it into 
units of beverage bottles, and display remaining 
consumption visually, providing clear instructions. 

D. User Evaluation prototype 
Evaluation was conducted using the System Usability 

Scale (SUS). The data collection process was carried out 
online through distributing questionnaires using Google 
Form to respondents with a total of 38 respondents, the 
majority of whom were aged 17 years and under. This 
questionnaire produces a total SUS score from each 
respondent, which is then processed to get an average score, 
for more details the evaluation results are as follows. 

Table 2. Result answer of SUS question 

Q 
 

Answer to the Question 
Strongly 
Disagree Disagree Neutral Agree Strongly 

Agree 
Q1 0 0 1 21 16 
Q2 3 30 5 0 0 
Q3 0 0 3 28 7 
Q4 5 26 4 3 0 
Q5 0 0 1 15 22 
Q6 17 14 5 2 0 
Q7 0 3 8 20 7 
Q8 8 23 5 2 0 
Q9 0 0 2 18 18 
Q10 1 20 9 7 1 

After all the data is collected, the value of each odd 
question is subtracted by 1, and the value of even 

questions is subtracted by 5. Next, the results of all 
questions are summed up, then multiplied by 2.5. Finally, 

the values are averaged to obtain a final score that 
represents the overall usability level of the system. 

Table 3. Sus score result 

Q 
Answer to the Question 

Strongly 
Disagree Disagree Neutral Agree Strongly 

Agree Total 

Q1 0 0 2 63 64 129 
Q2 12 90 10 0 0 112 
Q3 0 0 6 84 28 118 
Q4 20 78 8 3 0 109 
Q5 0 0 2 45 88 135 
Q6 68 42 10 2 0 122 
Q7 0 3 16 60 28 107 
Q8 32 69 10 2 0 113 
Q9 0 0 4 54 72 130 

Q10 4 60 18 7 0 89 
Total Score 1164 

Multiplied by 2.5 2910 
Final Result Total Overall SUS Score (average) 76.6 

The evaluation results show that system obtained an 
average score of 76.6 based on SUS interpretation 
classified as a “Good” category, with grade B and included 
in Acceptable range. this shows system is considered very 
easy to use and well received by users. 

 
E. Refining Prototype 

Based on the results of user evaluation by utilizing the 
System Usability Scale (SUS) method, prototype achieved 
an average score of 76.6. The score is included in “Good” 
category and is at grade B, which indicates that system has 
a good level of usability and is acceptable to users. Thus, 
no major revisions are needed to prototype design, because 
it has met the expected usability standards. 

 
F. Implementation & Maintenance 

Results of the fully finished prototype will be publicly 
hosted so that it can be used directly by users. hosting 
process is carried out by utilizing various free and paid 
hosting service provider platforms by being hosted online, 
the application can be accessed by anyone via internet 
network, without need for additional installations on the 
user's device. 

This step aims to test the performance of application in 
real conditions to ensure that all application features work 
well on various devices and networks. hosting also makes 
it easier for the development team to further develop and 
improve the system. 

With availability of prototypes available online, users 
can easily access and try application anytime and 
anywhere, so that the reach of users becomes wider and 
more flexible. 

IV. CONCLUSION  
After designing and evaluating a prototype web-based 

application to help people calculate the safe limit of 
consuming packaged sweetened drinks. by emphasizing 
usability aspect as the main parameter, with evaluation 
results using SUS obtained an average score of 76.6, which 
is categorized as “Good” and included in Grade B. These 
findings indicate that the interface design and interaction 
flow implemented have met the standards of user comfort 
and efficiency. 

 Scientifically, this work contributes to the field of 
software engineering and health with a primary focus on 
user evaluation. Practically, it also plays a role in increasing 
public awareness of the dangers of excessive sugar 
consumption and providing tools to manage daily sugar 
intake more wisely. 

This research has limitations, especially regarding the 
number of respondents in the evaluation process. In 
addition, evaluation used is still limited to quantitative 
methods, so it does not fully describe the personal 
experience of users in depth. 

In the future, it is recommended to expand scope of 
testing by involving more participants from diverse 
backgrounds so that the findings can be applied more 
widely. implementing qualitative evaluation methods such 
as interviews or direct observation, should be realized to 
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gain a more thorough understanding of user needs and 
perceptions. 
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Abstract − The advancement of information technology in the health sector encourages hospitals to implement Hospital 
Management Information Systems (SIMRS) to improve efficiency, effectiveness, and service quality. This study aims to 
measure the success rate of SIMRS implementation at Praya Regional Hospital using the DeLone and McLean model, 
which includes six variables: system quality, information quality, service quality, usage, user satisfaction, and net benefits. 
Data was collected through distributing questionnaires to 101 respondents in all service units of RSUD Praya. The analysis 
was conducted using the Structural Equation Modeling-Partial Least Square (SEM-PLS) method. The results showed that 
only three of the nine hypotheses proposed proved significant, namely the effect of user satisfaction on net benefits, 
service quality on usage, and usage on net benefits. These findings indicate that technical aspects and system services 
need to be improved to achieve optimal SIMRS implementation. This research contributes to the evaluation of hospital 
information systems and can serve as a reference in making future system development decisions. 
 
Keywords – DeLone and McLean Model; SIMRS; SEM-PLS; Information System Evaluation 
 

I. INTRODUCTION 
In the era of globalization, advances in information 

technology have had a major influence in various fields, 
including the health sector. As a health care facility, 
hospitals are required to provide fast, accurate, and quality 
services [1]. To support its operations, the execution of a 
Healing center Administration Data Framework (SIMRS) 
may be a must, as stipulated in Permenkes RI Number 82 
of 2013. SIMRS points to move forward effectiveness, 
viability, execution, and polished skill in healing center 
management while expanding access and improving 
service quality [2]. SIMRS implementation requires 
readiness from various parties, including medical 
personnel, doctors, and patients, so that the system can run 
optimally [3]. 

RSUD Praya Lombok Tengah, as a type B hospital, has 
implemented the Hospital Management Information 
System (SIMRS) in almost all installation units. However, 
in its implementation there are still some obstacles, such as 
frequent network disruptions; the input feature of lab 
support results in the inpatient installation; the patient 
service history data feature, as well as some annoying pop-
ups; long data storage; the cursor does not auto-focus on the 
input form; and management support that is not yet optimal. 
These problems result in service delays and inaccuracies in 
data filling, which in turn can affect the quality of services 
provided [4]. 

The successful usage of the Healing Center 
Administration Data Framework (SIMRS) can be 
measured using the DeLone & McLean model, which 
consists of six main variables: system quality, information 
quality, service quality, usage, user satisfaction, and net 
benefits [5]. This model is used to evaluate the 

effectiveness of the system and its positive and negative 
impacts [6]. Previous research shows the data quality, 
framework quality, and benefit quality have a critical 
impact on client utilization and fulfillment [3]. However, 
some studies reveal inconsistencies in the relationship 
between system quality and net benefits obtained [1]. 

Human, organizational, and technological factors play 
a crucial role in the successful implementation of Hospital 
Management Information System (SIMRS) [7]. One of the 
main challenges is the low level of user participation in the 
system development process. Initial interviews showed that 
some users experienced difficulties in operating SIMRS, 
especially when network or server disruptions occurred. 
Therefore, technical support as well as training for hospital 
staff is needed to improve the effectiveness of system use. 

This study aims to identify the supporting and inhibiting 
factors in the implementation of SIMRS at Praya Regional 
Hospital. In addition, this study also evaluates the 
relationship between information quality, system quality, 
and service quality to the level of use, user satisfaction, and 
net benefits generated by the system. The results of this 
study are expected to provide a clearer insight into the level 
of success of SIMRS implementation and become a 
reference for the hospital in improving the performance of 
information systems and the quality of patient services. 
  

II. RESEARCH METHODOLOGY 
 
A. DeLone and McLean Information System Success 

Measures 
The DeLone and McLean model began to be 

developed in 1949 by Shannon and Weaver and Mason in 
1949, as well as other information systems research [8]. 
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The DeLone and McLean Information System success 
model is linked to system quality in measuring 
technological success, which is defined as the accuracy and 
efficiency of a system as an information producer, while 
information quality calculates semantic success, which is 
defined as the success of a piece of information in 
providing the desired meaning, user variables, and user 
satisfaction separately affect the two elements [2]. The 
positive and negative effects of the user component 
measures can be seen in the results of measuring user 
satisfaction. Afterwards, users and user satisfaction have an 
impact on individuals and organizations [3]. The DeLone 
and McLean success model from 1992 can be seen in 
Figure 1. 

 
Fig 1. Information System success model [4] 

 
DeLone and McLean improved the best form of 
information systems released in 2003 [5]. The latest 
DeLone and McLean success model can be seen in figure 
2. 

 
Fig 2. Information System success model [5] 

 
B. Hypothesis 

According to [9], the hypothesis is the initial 
perspective of the problem item under study, translated into 
a question item display. Hypotheses can also be described 
as theoretical responses to the formulation of research 
questions rather than as empirical answers. 
Hypotheses have 3 forms that can be used in taking 
research answers, including the following: 
1) Descriptive Hypothesis is the answer to the problem 

regarding the formulation of research problems. 
2) Comparative Hypothesis is a problem perspective based 

on comparative problems. 
3) Associative Hypothesis is the initial answer to the 

relationship problem. 
 
C. Population and Sample 

According to Sugiyono [9], The term “population” 
refers to the category of things or individuals that 
researchers use to examine and make conclusions because 
they have a certain number and characteristics, while the 
sample represents only a small part of the size and makeup 
of the population. If the size of the population causes the 
researcher to be unable to review the entire population due 
to restrictions, the researcher to use a sample from the 
population. Based on several population factors collected 

and analyzed, the results aim to describe the characteristics 
of all population factors. 

Quantitative analysis of sample data produces 
statistics that are used to estimate population parameters. 
Statistics are numerical measurements calculated from 
sample measurements, and parameters are numerical 
descriptive measurements where the calculations are 
derived from population measures. Sample statistics are 
used to draw conclusions about population measurements 
[10]. 
 
D. Sampling Technique 

Sampling technique is a method for selecting or 
obtaining samples from a population to be used as research 
material. Researchers can make generalizations about the 
characteristics of population members by analyzing 
samples or understanding the quality of sample subjects 
[11]. This research takes a non-probability sampling model 
with a saturated sample technique [12]. Non-probability 
sampling is a procedure for obtaining a sample where each 
element or group of the population is not given the same 
opportunity to be sampled, while a saturated sample is a 
method of sampling from the entire population [13]. 
 
E. Measurement Technique 

The estimation demonstration is assessed by checking 
the legitimacy and unwavering quality of the pointers that 
make up the idle factors. In measuring the external show, 
there are three arrangements, to be specific: focalized 
legitimacy, discriminant legitimacy, or utilizing normal 
fluctuation extricated and developing unwavering quality 
in measuring utilizing composite unwavering quality and 
Cronbach's alpha [14]. 
 
F. Structural Equation Modeling (SEM) 

SEM is a multivariate statistical model that allows 
analysts to predict the influence and attachment between 
many variables [15]. SEM crucially offers reliability in 
conducting path analysis [16]. Path analysis is the 
relationship between intervening and dependent variables. 
Researchers clearly define what one variable contributes to 
another, usually displayed in the form of a diagram [17]. 
 
G. Partial Least Square (PLS) 

PLS is similar to variance-based SEM formation, 
which allows testing the simultaneous formation of 
measured and structural. The structural model is used for 
testing causality, while the measurement model is used as a 
measure of validity and reliability (testing hypotheses with 
predictive formation) [18]. Latent variables can be 
described by PLS accompanied by measurements using 
their indicators [19]. The use of PLS is because the data 
does not depend on assumptions, normal distribution is also 
not required, and it is not a requirement to have a large 
sample size. PLS is used to process data and answer 
existing hypotheses [18]. 
 
H. Research Stage 
This thesis has five research stages, starting from the 
planning stage to the documentation stage, as shown in 
Figure 3.  
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Planning

Data Collection

Data Processing

Data Analysis

Documentation

 Determine Research Location
 Problem Identification
 Determine Scope and Objectives
 Benefits of Research
 Determine Variables
 Determine Hypothesis
 Literature Study

 Observation
 Determine Research Sample
 Interview
 Literature Study
 Questionnaire

 Processing questionnaire data using the 
Delone and McLean method

 Testing
 Outer model evaluation:

- Validity test
- Reliability test

 Inner model evaluation
- R-Square test
- Hypothesis Test

 Analyzing the success of SIMRS at ERC 
Praya Hospital

 Analyzing questionnaire data D&M 
variables

 Conclusions

Start

Finish

 
Fig 3. Flowchart of Research Methodology 

 
I. Planning Stage 

Ensuring the problems contained in the research 
regarding the successful implementation of SIMSR at 
Praya Hospital, determining the place of research, 
identifying problems, determining the scope and 
objectives, and benefits of research. This research will 
determine whether SIMRS users are satisfied and find out 
the problems they face when using the system. 
1) Determining the Place of Research 

The first stage carried out is to determine the research 
location as a case study that will be researched later. 
This research takes a case study at Praya Central 
Lombok Hospital, and then the researcher makes 
observations first to see the conditions that exist at 
Praya Hospital. Researchers entered a research permit 
to the general department of the hospital. 

2) Problem Identification 
Problem identification is carried out after the stage of 
determining the place of research is completed. 
Problem identification is carried out by looking at the 
situation of the case study under study, namely by 
looking at SIMRS, so that it can be identified how to 
analyze the success of the hospital management 
information system in the RSUD Praya, especially in all 
service units that are directly involved in using SIMRS. 

3) Determining Scope and Objectives 
The scope is taken based on the interconnected and 
related parts of the hospital installation, namely the 
Medical Record Service Unit at Praya Regional 
Hospital. The goal is for researchers to focus more on 
research results that are more effective and efficient. 

4) Benefits of Research 
The benefits of research at Praya Hospital were carried 
out to find out and improve user perceptions in the 
Medical Record Service Unit about user success on 
SIMRS. 

5) Determining Variables 
The variable formation in this study applies the DeLone 
and McLean method, which has three main variables, 
namely, variable X consisting of system quality, 
information quality, and service quality. Variable Y 
consists of usage, user satisfaction, and net benefits, 
which are determining variables. 

6) Determining the Hypothesis 
The hypothesis designed will be tested to prove whether 
the hypothesis is correct or not. The conceptual DeLone 
and McLean method is shown in Figure 4. 

 
Fig 4. Hypothesis 

 
The conceptual description of the hypothesis taken from the 
previously described research [20] is shown in Table 2. 

Table 2. Hypothesis Description [21] 
Hypothesis Description 

1 Information quality has a positive influence on 
usage. 

2 Information quality has a positive influence on 
user satisfaction. 

3 System quality has a positive influence on 
usage. 

4 System quality has a positive influence on user 
satisfaction. 

5 Service quality has a positive influence on 
usage. 

6 Service quality has a positive influence on user 
satisfaction. 

7 Usage has a positive influence on user 
satisfaction. 

8 Usage has a positive influence on net benefits. 
9 Usage satisfaction has a positive influence on 

net benefits. 
7) Literature Study 

The procurement of literature studies has the aim of 
producing information or explanations of theories that 
will be referred to in research and that will support 
problem solving. There are two data in the literature 
study, namely: 
1) Primary 

Primary data is a way of retrieving information 
directly from the original source within the scope of 
the research site. Data obtained through sources who 
know directly the condition of the object of research, 
namely the Medical Record Service Unit. Through 
the data obtained, they will be used as respondents 
in the study. 
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2) Secondary 
Secondary data is a method whose origin is outside 
the research target; the data is obtained based on 
books and journals, both national and international, 
related to the DeLone and McLean success method. 

 
J. Data Collection Stage 

The step is obtained from the continuation of the first 
flow. The purpose of this stage is to make it easier for 
researchers to find out information and facilitate research. 
The activities carried out include: 
1) Observation 

Observing at Praya Central Lombok Hospital, the 
purpose of observation is to ask questions about the 
object under study, namely the Medical Record Service 
Unit. 

2) Determining the Research Sample 
SIMRS users in the Medical Record Service Unit 
totaled 101 employees, all of whom were used as 
samples in this study, namely the Medical Record 
Service Unit. Tests were taken utilizing non-probability 
testing procedures with soaked tests. In the inquiry [10], 
about the soaked test procedure, the assurance of the test 
is that all individuals of the populace are utilized as tests  

3) Interview 
At this stage the researcher meets directly to ask 
questions about the object under study, namely the 
Medical Record Service Unit. The intended targets are 
the SIMRS admin and employees assigned to the 
Medical Record Service Unit. Preparation for 
observations and interviews is to make a timeline of 
observations and interviews, then present observation 
sheets. The observation and interview timeline can be 
seen in Table 3. 

Table 3. Observation Timeline 
Stage Activities Result 

1 Visiting the research site, 
introducing yourself and 
adapting to the 
environment, and 
interviewing one of the 
employees aimed at finding 
profile information, 
organizational structure, 
and how SIMRS 
management works in the 
Medical Records Service 
Unit. 

The results obtained are 
a. Getting to know the 

staff in the SIMRS 
Medical Record Service 
Unit. (Appendix F). 

b. Interview List 
(Appendix A) 

c. Organizational 
Structure Data and 
Company Profile 

d. How the Medical 
Record Service Unit is 
managed. 

2 The activities carried out 
are 
a. Observation on 

SIMRS Medical 
Record Service Unit. 

b. Observing the Medical 
Record Service Unit. 

Obtaining a SIMRS 
printscreen at the Medical 
Record Service Unit. 
(Appendix B). 

4) Questionnaire 
Observation is done by distributing questionnaires as a 
way of collecting data. The questionnaire in this study 
was built to determine the success of the Medical 
Record Service Unit that has been used at Praya Central 
Lombok Hospital (Appendix C). After the 
questionnaire was distributed, the next requirement test 
was carried out by testing the validity and reliability of 
the data. Validity testing is used to know whether all 
research items or indicators proposed to measure 

research variables are valid. Variables are determined 
based on the DeLone and McLean method in making 
questionnaires. Based on research conducted [22], the 
variables and questionnaire statements obtained from a 
summary of sources on the DeLone and McLean model 
variables in this final project can be seen in Table 4. 

Table 4. Variables and Questionnaire Statements 
No Indicator Source Statement 
1 Information Quality 
 Completeness 

[23] 

SIMRS produces complete 
information according to the user's 
work needs. 

 Accuracy SIMRS provides information 
according to actual data. 

 Reliability Users can rely on the data to fulfill 
their information needs for work. 

 Data Update SIMRS provides information that 
is current and always updated. 

2 System Quality 
 System 

Flexibility 

[23] 

SIMRS can be used easily and 
change the available data 
according to work needs. 

 System 
Integration 

SIMRS interaction with users and 
agencies can be done very well. 

 Response 
Time 

SIMRS has good access speed so 
that it can help users in completing 
work. 

 Language The language referred to by 
SIMRS is very easy to understand. 

 Convenience 
of Access 

SIMRS is very comfortable and 
easy to use. 

 Error Fixing SIMRS provides repair facilities if 
it fails. 

3 Service Quality 
 Empathy 

[21] 

SIMRS provides some feedback 
that may be useful for the user's 
work. 

 System 
Response 

SIMRS responds according to 
what the user does. 

4 Use 
 Total Access 

[21] 
Users routinely use SIMRS. 

 Daily Used 
Time 

Users have used SIMRS for a long 
time. 

5 Use Satisfaction 
 Information 

Satisfaction. 

[21] 

Users are satisfied with the 
features and functions in the 
system. 

 Overall 
Satisfaction. 

Users are satisfied with the 
information available because it 
suits their needs. 

6 Net Benefits 
 Speed of Task 

Completion. 

[24] 

SIMRS helps users in completing 
work quickly. 

 Job 
Performance. 

SIMRS impacts user performance 
for the better. 

 Effectiveness. SIMRS makes users more 
effective at work 

 Ease of Work. SIMRS makes it easier for users to 
do work. 

 Usability. SIMRS is very useful in 
completing the work of Hospital 
activities 

 

III. RESULTS AND DISCUSSION 
A. Demographic Characteristics of Respondents 

Based on the results of distributing questionnaires A 
questionnaire distributed via Google Forms to SIMRS 
users obtained data on 101 respondents with the following 
characteristics: 
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Fig 5: Percentage of Respondent Gender 

Figure 5 displays the percentage of respondent gender. 
It can be seen that of the 101 respondents, 69.3% were 
female and 30.7% were male. So that the research is 
dominated by female respondents. 

 
B. Respondents' Education Level 

Based on Figure 6, of 101 respondents, the majority 
(54.5%) have an undergraduate education (S1), followed 
by 34.7% with a Diploma Three (D3), and 10.9% answered 
other. This research is dominated by respondents with a 
bachelor's degree.  

  
Fig 6. Percentage of Respondents' Education Level 

 
C. Training on the use of SIMRS 

Based on Figure 7, the majority of respondents (96%) 
have participated in training activities using SIMRS, and 
4% have not participated in training activities. This study 
was dominated by respondents who had participated in 
training activities on the use of SIMRS. 

 
Fig 7. Percentage of respondents who have participated in SIMRS 

training activities. 
 
 

D. Period of SIMRS Use 
Based on Figure 8, most of the respondents' SIMRS 

user period is more than 5 years (45.5%), followed by 
27.7% of respondents who have used SIMRS for more than 
2 yearsd 26.7% of respondents who have used SIMRS for 
less than 2 years. So that the research is dominated by 
respondents who have used SIMRS for more than 5 years. 

 
Fig 8. Percentage of SIMRS usage period 

 
E. Outer Model 

Testing the measurement model or outer model is 
carried out to determine the validity and reliability seen 
from the attachment between variables and each indicator. 
1. Convergent Validity 

The outputs of this test are convergent validity and 
reliability [25]. 

Table 5. Outer Loadings Value 
 (IQ) (NB) (PP) (SQ) (U)  (US) 

IQ1 0.829      
IQ2 0.713      
IQ3 0.844      
IQ4 0.794      
KP1   0.913    
KP2   0.892    
NB1  0.834     
NB2  0.890     
NB3  0.868     
NB4  0.872     
NB5  0.765     
SQ1    0.661   
SQ2    0.673   
SQ3    0.654   
SQ4    0.703   
SQ5    0.901   
SQ6    0.901   
U1     0.959  
U2     0.909  

US1      0.905 
US2      0.917 

Table 5 shows that the outer loadings value on the 
variable indicators of system quality, information quality, 
service quality, user satisfaction, use, and benefits has met 
the minimum limit of 0.6. All variable indicators have met 
the minimum outer loadings value limit so that they have 
met the convergent validity standard.  
 
2. Discriminant Validity 

Discriminant validity can be seen in the Average 
Variance Extracted value, as in Table 6. 

Table 6. Average Variance Extracted (AVE) Value 
Variable Average Variance Extracted 

(AVE) 
Information Quality (IQ) 0.634 
Net Benefits (NB) 0.717 
Service Quality (PP) 0.815 
System Quality (SQ) 0.573 
Use (U) 0.873 
User Satisfaction (US) 0.830 

 
In table 6, all variables have met the Average Variance 

Extracted (AVE) value, which is 0.5, so that they have met 
convergent validity. For the next testing stage, namely 
reliability, by looking at the Cronbach's alpha value and the 
composite reliability value. 
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3. Reliability Test 
Table 7. Cronbach's Alpha and Composite Reliability Values 

  Cronbach's 
alpha 

Composite 
reliability (rho_c) 

Information Quality (IQ) 0.809 0.874 
Net Benefits (NB) 0.902 0.927 
Service Quality (PP) 0.773 0.898 
System Quality (SQ) 0.851 0.887 
Use (U) 0.860 0.932 
User Satisfaction (US) 0.796 0.907 

The Cronbach's alpha and composite reliability values 
of all variables are more than 0.70, so all variables are 
reliable. 

 
F. Inner Model 

The structural model (inner model) defines the 
relationship between latent constructs by looking at the 
results of the parameter coefficient estimate and its 
significance level. The structural model is generated as 
follows: 

 
Fig 9. User Page Display 

 
Structural model testing is seen from several indicators, 

namely R-squares, f-squares, and goodness of fit models. 
 

1. R-Square 
There are three categories in gathering R-square values. 

In case the R-square estimate is 0.75, it is within the solid 
category; for an R-square estimate of 0.50, it is within the 
direct category, and 0.25 is within the powerless category 
[26]. The R-square estimate of the subordinate variable 
gotten in this investigation can be seen in table 8.  

Table 8. R-Square Value 
Variable R-square Prediction Model 
User Satisfaction (US) 0.305 Weakness 
Use (U) 0.319 Weakness 
Net Benefits (NB) 0.428 Weakness 

After calculating through SmartPLS 4 in accordance 
with the table above, it explains that the user satisfaction 
variable has an r-square value of 0.305. This means that the 
effect of information quality, system quality, service 
quality, and usage on user satisfaction is 30.5%. The r-
square value on the usage variable is 0.319; this means that 
the effect of information quality, system quality, and 
service quality on usage is 31.9%. The r-square value on 
the net benefit variable is 0.428. This means that the effect 
of SIMRS users and user satisfaction on net benefits is 
42.8%. 

 
2. F-Square 

F-square is a measure used to assess the relative impact 
of an influencing variable (exogenous) on the influenced 

variable (endogenous). The amount of substantive 
influence is classified into 3, namely 0.02 (small/bad), 0.15 
(medium/sufficient), and 0.35 (large/good) (Setiaman, 
2023).  

Table 9. F-Square Value 

Variable Relationship F-Square Substantive 
Effect 

Use Satisfaction (US) -> Net 
Benefits (NB) 

0.345 Small 

Information Quality (IQ) -> Use 
Satisfaction (US) 

0.015 Small 

Information Quality (IQ) -> Use 
(U) 

0.014 Small 

Service Quality (KP) -> Use 
Satisfaction (US) 

0.020 Medium 

Service Quality (KP) -> Use (U) 0.163 Small 
System Quality (SQ) -> Use 
Satisfaction (US) 

0.041 Small 

System Quality (SQ) -> Use (U) 0.000 Small 
Use (U) -> Use Satisfaction 
(US) 

0.017 small 

Use (U) -> Net Benefit (NB) 0.135 Small 
 
G. Goodness of Fit 

This menu is designed to ensure the system runs 
smoothly and securely. In addition, system and database 
updates can be managed through this menu to maintain 
optimal website performance. 

Table 10. Model Goodness of Fit Test Results 
No Structural 

Model 
Cut-Off Value Estimated Description 

1 SRMR < 0,10 0.160 Bad Fit 
2 d_ULS > 0,05 5.877 Fit 
3 d_G > 0,05 1.250 Fit 
4 Chi-Square < 0,05 590.334 Fit 
5 NFI Approaching 1 0.614 Fit 
Based on the results of the PLS goodness-of-fit model 

test in table 10, it shows that the SRMR value of the PLS 
model is 0.160, which is higher than 0.10, indicating that 
the model is not good. For the d_ULS output result, namely 
5.877, the result is higher than 0.05, which means it shows 
a good model. For the d_G output result, namely 1.250, the 
result is higher than 0.05, indicating a good model. The chi-
square result is 590.334, which is higher than 0.05 and 
means the model is good. The NFI output results show a 
result of 0.614, meaning that the model is well accepted. 

 
H. Hypothesis Testing 

The accepted and rejected path coefficient results can 
be seen in table 11 below: 

Table 11. Path Coefficient on Model Testing 
No Variable t-count p-value Description 
1 Use Satisfaction (US) 

→ Net Benefits (NB) 
5.749 0.000 Accepted 

2 Information Quality 
(IQ) → Use 
Satisfaction (US) 

0.907 0.364 Rejected 

3 Information Quality 
(IQ) → Use (U) 

1.147 0.252 Rejected 

4 Service Quality (KP) 
→ Use Satisfaction 
(US) 

0.986 0.324 Rejected 

5 Service Quality (KP) 
→ Use (U) 

3.965 0.000 Accepted 
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6 System Quality (SQ) 
→ Use Satisfaction 
(US) 

1.689 0.091 Rejected 

7 System Quality (SQ) 
→ Use (U) 

0.054 0.957 Rejected 

8 Use (U) → Use 
Satisfaction (US) 

1.427 0.154 Rejected 

9 Use (U) → Net 
Benefits (NB) 

2.551 0.011 Accepted 

 
Based on the table above, the results of testing each 

hypothesis based on the results of t-statistics and sig values 
on path coefficients are explained as follows: 
1. H1: Use Satisfaction (US) has a significant effect on 

Net Benefits (NB) The t-count value = 5,749 and p-
value = 0.000, so the hypothesis is accepted. 

2. H2: Information Quality (IQ) has no significant effect 
on Use Satisfaction (US) The t-count value = 0.907 and 
p-value = 0.364, so the hypothesis is rejected. 

3. H3: Information Quality (IQ) has no significant effect 
on Use (U) The t-count value = 1.147 and p-value = 
0.252, so the hypothesis is rejected. 

4. H4: Service Quality (KP) has no significant effect on 
Use Satisfaction (US) The t-count value = 0.986 and p-
value = 0.324, so the hypothesis is rejected. 

5. H5: Service Quality (KP) has a significant effect on Use 
(U) The t-count value = 3.965 and the p-value = 0.0, so 
the hypothesis is accepted. 

6. H6: System Quality (SQ) has no significant effect on 
User Satisfaction (US) The t-count value = 1.689 and p-
value = 0.091, so the hypothesis is rejected. 

7. H7: System Quality (SQ) has no significant effect on 
Use (U). The t-count value = 0.054 and the p-value = 
0.957, so the hypothesis is rejected. 

8. H8: Use (U) has no significant effect on Use 
Satisfaction (US) The t-count value = 1.427 and p-value 
= 0.154, so the hypothesis is rejected. 
 

IV. CONCLUSION 
Based on the results of research on the implementation 

of the Hospital Management Information System (SIMRS) 
at Praya Regional Hospital using the DeLone and McLean 
model, it can be concluded that of the nine hypotheses 
proposed, only three hypotheses were accepted, namely 
that user satisfaction has a significant effect on net benefits, 
service quality has a significant effect on usage, and usage 
has a significant effect on net benefits. The other six 
hypotheses were rejected because they did not meet the 
required significance and t_values, indicating that 
information quality, system quality, and most aspects of use 
have not been able to have a significant effect on user 
satisfaction or on the use of SIMRS directly. In general, the 
outer model test results show that all indicators in this study 
meet the validity and reliability criteria. However, the R-
square values for the user satisfaction, usage, and net 
benefit variables are in the weak category, which means 
that the independent variables only explain a small part of 
the variation that occurs in the dependent variable. In 
addition, the goodness-of-fit test results show that there are 
some weaknesses in the fit of the model, especially in the 
SRMR value, which still exceeds the ideal threshold. In 
addition, to obtain more in-depth results, further research is 

recommended to be carried out by involving other service 
units and considering external variables outside the 
DeLone and McLean model that may also affect the 
successful implementation of hospital information systems. 
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Abstract − In 2024, air pollution levels in Jakarta were recorded as the highest in Southeast Asia, based on various air 
quality monitoring reports. This condition has become an increasingly alarming environmental issue, with pollution levels 
frequently exceeding the safe threshold set by the World Health Organization (WHO). One of the efforts by the Jakarta 
Provincial Government to address this problem is a free plant distribution program for the public. Plants play a crucial 
role in absorbing carbon dioxide, producing oxygen, and reducing airborne pollutant particles. However, plant 
maintenance—especially watering—poses its own challenges. Inefficient watering can cause plants to experience stress, 
wilt, or even die. With the advancement of technology, an automatic plant watering system based on the Internet of Things 
(IoT) presents a potential solution to improve the efficiency and sustainability of plant care. This study aims to develop a 
smart plant watering system application based on IoT that can automatically control watering based on real-time soil 
moisture levels. The system was applied to spider plants (Chlorophytum comosum) grown in pots with a diameter of 15 
cm. By using an ESP32 microcontroller, a soil moisture sensor (Capacitive Soil Moisture Sensor v1.2), an air temperature 
and humidity sensor (DHT11), and a water pump, the system automatically activates watering when the soil moisture is 
below 55% and stops when it exceeds 65%. Sensor data is stored in a database and displayed through a web-based 
application for remote monitoring. 
 
Keywords – Plant, Air Pollution, Internet of Things, Microcontroller, Soil Moisture 
 

I. INTRODUCTION 
Air pollution in Jakarta is an increasingly worrying 

environmental problem. Based on data from various 
sources, pollution levels in Jakarta often exceed the 
threshold set by the World Health Organization (WHO), 
mainly due to motor vehicle emissions and industrial 
activities [1], [2]. Poor air quality can have negative 
impacts on public health, such as increasing the risk of 
respiratory and cardiovascular diseases [3]. To address this 
problem, the DKI Jakarta Provincial Government 
(Pemprov) is planning a program to distribute free plants to 
the public to reduce air pollution in Jakarta [4]. 

Characteristics of plants that can reduce air pollution are 
green plants that can reduce CO2 in the air through 
photosynthesis. And to anticipate or adapt to global 
warming, among other things, it can be minimized through 
planting new plants [5]. Planting plants has many benefits, 
both for the environment and for humans themselves. 
Plants produce oxygen, absorb carbon dioxide, and help 
regulate air temperature. In addition, plants are also a 
source of food, medicine, and fuel. Historically, humans 
have depended on plants for their survival [6]. 

Some plants that can reduce air pollution such as 
Mother-in-law's Tongue (Sansevieria) which has a unique 
shape and can absorb carbon monoxide and carbon dioxide 
[7]. The Mother-in-law's Tongue (Sansevieria) plant can 
reduce carbon monoxide gas levels by 22.21 ppm [8], then 
there are the spider plant and the golden pothos (Scindapsus 
Aureus) which have been proven to have leaf surface 
characteristics that can collect PM2.5 indoors, 

microorganisms in the phyllosphere can detoxify PM2.5 
[9]. 

Regular watering of plants is essential to ensure optimal 
plant growth. Water plays a role in the process of 
photosynthesis, helps transport nutrients, and maintains soil 
moisture so that plant roots remain healthy [10]. Plants that 
lack water can experience stress, wilt, and even die if left 
for a long period of time [11]. In addition, irregular or 
excessive watering can also cause other problems, such as 
plants being susceptible to disease due to being given too 
much water [12]. Therefore, an efficient watering method 
is needed that is in accordance with the needs of each type 
of plant to maintain ecosystem balance and environmental 
sustainability. 

To ensure optimal plant watering, we can utilize 
technology to support the desired plant growth. One of 
them is by implementing an automatic plant watering 
system based on the Internet of Things (IoT) [13]. The 
Internet of Things (IoT) is one technology that can help to 
water plants intelligently. The Internet of Things (IoT) 
itself is a technology that connects many devices that are 
connected to each other using the internet to be able to 
communicate, connect, control, and exchange information 
with other devices [14]. 

Previous research has been conducted to build a smart 
farming system using the Internet of Things in the form of 
automatic plant watering, especially for chili plants 
(Capsicum annum L)[15] . Researchers use NodeMCU as 
the main processing unit, Driver Relay to control the water 
pump, and LCD (Liquid Crystal Display) to display soil 
conditions and pump status. Researchers get test results that 
the system works well. This study uses NodeMCU as the 
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main unit for the main processing to read sensors, display 
data to the LCD screen, and drive the water pump. 

The next research is an automatic watering system 
based on the Internet of Things (IoT) which aims to 
facilitate the care of ornamental plants, especially the 
golden pothos plant [16]. This study also uses NodeMCU 
as a link between hardware and systems. The sensors used 
are soil moisture sensors and air temperature sensors 
(DHT11), then integrating the system with Telegram to 
provide notifications to users regarding plant conditions 
and watering status. Furthermore, research conducted by 
Amsar Yunan (2022) entitled "Plant Watering Techniques 
Using Microcontrollers Based on the Internet of Things" 
also integrates the system with Telegram to inform users 
about the results of soil moisture sensor readings regarding 
dry or wet soil moisture conditions. Users set the soil 
moisture reading if the soil moisture is <65% then the soil 
will be declared dry, and the pump will turn on to water the 
plants. Then the pump will turn off when the soil moisture 
sensor reading gets a humidity result of >66% [17]. 

Previous research entitled "Implementation of Smart 
Monitoring and Control System for Eggplant Plants Based 
on Internet of Things with Drip Irrigation Method", the 
author used NodeMCU V3 microcontroller as an actuator 
and water pump controller, then used FC-28 Soil Moisture 
sensor to measure soil moisture, and DHT11 sensor to 
measure temperature and air humidity [18]. The author set 
the water pump on and off with reference if the soil 
moisture is below 50% then the pump will turn on, then if 
the soil moisture is at 60% then the pump will turn off. The 
system is integrated with an android-based application 
called Blynk then the data will be stored in the Thingspeak 
database. Similar research was also conducted by M. Iqbal 
Hasani (2023) where the author carried out automatic 
watering using a microcontroller and water level sensor to 
measure soil moisture [19]. then the system is integrated 
into an android-based application called Blynk so that users 
can monitor from anywhere. In addition, the author applies 
the Naive Bayes method for data analysis and decision 
making in plant watering where the accuracy level of the 
data analysis is 94.3%. "Implementation of the Internet of 
Things (IoT) in a Mobile-Based Plant Watering 
Automation System" 

Based on the explanations above, a study entitled 
"Development of Smart Plant Watering System 
Application Based on Internet of Things" was conducted. 
This study aims to apply Internet of Things (IoT) 
technology to improve the efficiency of plant watering. IoT 
enables automation of plant watering by considering soil 
moisture levels in real-time, thus optimizing water usage. 

This study also has advantages over previous studies, 
especially in terms of data presentation and system 
flexibility. The application developed uses a PHP-based 
web platform, so the interface can be adjusted to user needs 
without relying on third-party platforms such as Blynk or 
Telegram. In addition, this system records sensor data in 
real-time into a database, allowing users to review the 
complete history of sensor readings. This approach 
provides added value in terms of data control and a more 
flexible user experience. 

II. RESEARCH METHODOLOGY 
 
The development of the smart plant watering system 
application was developed based on the IoT Design 
Methodology proposed by Arshdeep Bahga and Vijay 
Madisetti in their book entitled "Internet of Things A 
Hands-On Approach" [20], [21], the stages in the 
Methodology are as in Figure 1. 
 

A. Purpose and Requirement 
The purpose of this system is to automatically water 

plants using soil moisture reading data, as well as provide 
monitoring of temperature and humidity around the plants. 
B. Process Model Specification 

The interaction between the system and the user is 
modeled and described using Use Cases. 
C. Domain Model Specification 

In this stage, identify the entities and actors used in 
system development. 
D. Information model Specification 

In this stage, the data structure used by the system is 
explained. This structure includes attributes of data such as 
temperature, soil moisture, air humidity, pump status, and 
recording time. All are stored in the database and processed 
to be displayed in visual form. 
E. Service Specification 

System services are described based on Input and 
output. Services in this system are sensor data reading, 
automatic decision making in watering, sending data to the 
server, and automatic pump control. 
F. IoT Level Specification 

This system adopts a Hybrid/IoT Level 3 approach, 
where decision making and sensor reading are done locally 
on the ESP32, but data is sent to the Cloud Server. 
G. Function View Specification 

Grouping/organizing system functions into several 
modules, starting from the sensor module which contains 
soil moisture sensors and temperature and air humidity 
sensors, the control module which contains rules for 
controlling the pump on and off, the communication 
module, and the display module. 
H. Operational View Specification 

This stage explains the implementation of services and 

Fig 1. IoT Design Methodology 
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system management, where the system is set to read sensors 
in real-time and activate the pump when the activation 
requirements are met. 
I. Device and Component Integration 

 
 

 
This stage combines hardware components, including 

sensors, microcontrollers, and actuators into an IoT system 
that is interconnected and runs automatically and in real-
time. 
J. Application Development 

In this stage, application development and coding are 
carried out. In this stage, there are 2 codings, namely coding 
for the microcontroller and coding for the interface. 
Microcontroller coding is done using the C++ 
programming language on the Arduino IDE platform, 
where the ESP32 is programmed to be able to read the 
results of soil moisture sensors and DHT11 sensors, and 
make decisions in watering plants and send sensor readings 
and decisions to the server using the HTTP protocol. Then 
the interface coding uses the PHP programming language 
to display data on the server in real time to the user. 

III. RESULTS AND DISCUSSION 
A. Purpose and Requirement 

The purpose of this research is to develop a smart plant 
watering system. Here are some things that underlie the 
research "Development of a Smart Plant Watering System 
Based on the Internet of Things" 

 
a. Purpose 

To develop an IoT-based watering automation 
system that uses soil moisture and temperature sensors 
to automatically control plant watering to ensure 
efficient water usage. 
b. Behavior 

This system measures soil moisture and 
temperature to determine irrigation needs, so water is 
only delivered when needed. 
c. System Management Requirement 

The system must be able to provide remote 
monitoring and control of irrigation through an easily 
accessible management interface. In addition, the 
system must be able to read the air temperature and 
humidity around the plants to provide additional 
information to the user. 
d. Data Analysis Requirement 

The system must be able to analyze soil moisture 
data to provide efficient irrigation recommendations. 
All are set in such a way as to provide minimum and 

maximum soil moisture thresholds. 
e. Application Deployment Requirement 

This application is implemented with a cloud server 
and can be accessed from any device connected to the 
internet where it can be accessed at any time. Then the 
system sends sensor data in real time. 
f. Security 

The application must have a user login feature to 
perform authentication and data protection to maintain 
data privacy and security. 

 
B. Process Model Specification 

In Figure 3. The system uses an automatic processing 
flow that utilizes a soil moisture sensor to automatically 
activate the water pump when soil moisture is below a 
certain threshold, then utilizes the DHT11 sensor to help 
monitor the air temperature and humidity around the plants. 
 
C. Domain Model Specification 

 

Fig3. Flowchart 

Fig 4. Domain Model Specification 

Fig 2. Schema Component 
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In Figure 4. It is a Domain Model to describe the 
relationship between entities. In this stage, the important 
components of the system are determined and classified 
based on the five elements of the IoT domain model: 
Physical entities, virtual entities, devices, resources, and 
services. 

a. Physical Entity 
- Land (Dependent variable) 

The main entity whose humidity is monitored 
and controlled by the system is using a soil moisture 
sensor. 
- Water 

The main entity used to water the soil if the 
sensor detects that the soil moisture is below the 
required safe threshold. 
- Air 

The entity used to find out the temperature and 
humidity of the air around the plant. This entity will 
be monitored by DHT11. 

b. Virtual Entity 
- Monitoring 

Refers to the process of monitoring soil 
moisture levels and temperature through sensors. 
- Controlling 

Refers to the system's ability to turn the water 
pump on and off as needed based on soil moisture 
sensor data. 
- Alerting 

Refers to the system's ability to notify the user 
about the soil moisture level. 

c. Device 
- Soil Moisture Sensor 

Sensors used to detect soil moisture levels in 
real-time. 
- DHT11 Sensor 

Sensors that measure air temperature and 
measure air humidity around the land to provide 
additional data in system needs analysis. 
- ESP32 Microcontroller 

The control unit that receives data from 
sensors, performs initial processing, and sends the 
data to the database. 
- Water pump 

A unit for pumping water so that it can be 
sprinkled onto areas of land that require watering. 

d. Resource 
- ESP32 

Running Firmware that manages sensor 
readings and decision making locally. 
- Network 

The system uses a cloud database to store 
sensor data periodically and provides access to 
monitoring and visualization services, these services 
are supported by a PHP-based website interface 
hosted on a server that allows user interaction with 
the system. 

e. Service 
- Controlling Service 

Monitor sensor data and regulate irrigation 
system conditions according to specified rules. A 
service that manages water pump activity based on 
data received from sensors. 

- Sensor Service 
Read humidity and temperature values, send 

data to cloud database, and perform real-time data 
analysis for monitoring via web. 

 
D. Information Model Specification 

In Figure 5. there are 3 main virtual entities that 
represent the physical entities involved, namely Land, Air, 
and Water. The Land entity has a level-humidity attribute 
of type Level. Which level is obtained from the results of 
the Moisture Sensor reading then the reading results are 
sent to device 1. Then the Air Entity has a value-air attribute 
that contains information on temperature and humidity. 
Data is obtained from the DHT11 sensor which is sent to 
device 1. Finally, there is a Water entity of type state-air. 
This entity represents the status of the water pump 
controlled by device 2 with a value of ON or OFF. Where 
device 2 gets commands from device 1 from the results of 
reading the soil moisture sensor. 

 
E. Service Specification 

 

In Figure 6 is the Service Specification of the system, 
this system uses the HTTP protocol to send data from the 
device to the server. Where sensor reading data and pump 
status are sent via URL with parameters such as in the 
endpoint with the service name save_data.php. This allows 
data to be sent in real-time to the server automatically. 
 

Fig 5. Information Model Specification 

Fig 6. Service Specification 
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F. IoT Level Specification 

 
In Figure 7, the author uses 2 controllers with the same 

tasks. Controller 1 reads the soil moisture sensor and 
DHT11 sensor, sends a command to controller 2 to turn 
on/off the pump depending on the soil moisture reading, 
then sends the data into the database. Controller 2 is tasked 
with receiving commands from controller 1 to turn on the 
Actuator and then sending a response back to controller 1. 
And the data is displayed in the web-based application that 
has been created. 

 
G. Functional View Specification 

 
In Figure 8, the division of roles and functions of each 

component. Where the device layer is a physical device 
such as sensors, actuators, and ESP32 with communication 
using REST/HTTP allows communication between the 
controller and the web service. Using a web-based 
application with the PHP programming language and 
MySQL database. 

 
H. Operational View Specification 

Table 1. Operational View Specification 

Application Database Service : MySQL 
Application Server : Website, 
PHP 

Management MySQL, Website, PHP 
Security Authentication : Databases 

Authorization : Database 
Service Web Service 
Communication REST, HTTP 
Devices Controller : ESP32 

Sensor : Soil Moisture Sensor, 
DHT11 
Aktuator : Water Pump 

 
The following table 1 shows various operational options 

related to the deployment and operation of the IoT system. 
This stage is important to ensure that all system 
components can work in an integrated manner. MySQL is 
chosen as the database server because it is the most famous 
database service. The application runs on a web base with 
the PHP programming language. 
I. Device and Component Integration 

Figure 9 shows a series of images in the development 
of this system. The author uses 2 controllers that 
communicate with each other. The first controller is tasked 
with reading the results of the soil moisture sensor and the 
temperature and air humidity sensor, where the safe soil 
humidity for the spider plant is between 30 - 50%. In the 
first controller determines whether the soil humidity is at a 
safe threshold or not, then the controller sends a command 
to the second controller to turn the water pump on or off. In 
sending the results of the sensor reading and pump 
execution, the first controller performs the task. The first 
controller sends data using REST HTTP into the cloud 
database that has been provided. 
 
J. Application Development 

At the application implementation stage, the author 
took several steps to implement the application starting 
from creating a web-based application using PHP and a 
database using MySQL, installing and configuring 
controllers and sensors, installing sensors and devices, and 
visualizing and analyzing data. 

1. Application Development 
In developing the application, the author developed 

a web-based application using the PHP programming 
language and Bootstrap 5 as the UI. 
 
 
 
 

Fig 7. IoT Level Specification 

Fig 8. Function View Specification 

Fig 9. Device & Component Integration 
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Figure 10 shows the display results of the application, 

where users can control the reading results from the 
installed sensors, then can find out the statistics of plant soil 
moisture in real time. 

2. Hardware assembly and integration 

In figure 11 the hardware is assembled, controller 
1 is connected to the soil moisture sensor and the 
DHT11 sensor. 
 

Then in Figure 12, controller 2 is connected to a 
relay, which will conduct electricity to turn on the water 
pump. 
3. ESP32 Programming 

ESP32 is programmed using the C++ programming 
language on the Arduino IDE platform, where 
Controller 1 is programmed to read the soil moisture 
sensor and DHT11 sensor then sends a command to 
controller 2 to turn the water pump on or off and after 
that controller 1 sends data to the database using HTTP. 
Controller 2 is programmed to receive commands from 
controller 1 to turn on the pump. Figure 13 is a script to 
send commands to turn the pump on and off by 
controller 1. 

 
K. Application Testing 

This stage is carried out after the application has been 
successfully developed, system testing using blackbox 
testing to determine the success of the application function 
as desired. Some of the tests carried out are explained in 
table 2. 

Table 2. Blackbox Testing 

No Description Expected results Results 
1 Controller 1 

sends sensor 
and pump 
reading data 
into the 
database. 

Controller 1 can send 
data into the 
database, and the 
database can receive 
reading results from 
the controller. 

Succeed 

2 Controller 2 
turns on the 
water pump 

Controller 2 receives 
a command from 
controller 1 to turn 
on the water, and the 
controller turns on 
the water pump. 

Succeed 

3  Pump runs for 
5 seconds 

When controller 2 
gets the on 
command, the pump 
will turn on for 5 
seconds, then turn 
off again 
automatically. 

Succeed 

4 Data is 
displayed on 
the website 

The website can 
display data that has 
been received by the 
database. 

Succeed 

  

Fig 11. controller assembly 1 

Fig 12. controller assembly 2 

Fig 13. Script ESP32 

Fig 10. website appearance 
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IV. CONCLUSION 
The use of the Internet of Things (IoT) system in 

automatic plant watering can be used by users to control the 
irrigation of their plants so that plants get water on time and 
according to plant needs by utilizing a microcontroller to 
read sensors and turn on and off the water pump in real-
time then send data into a MySQL database to be displayed 
via a PHP-based website application. This system can be 
further developed by adding notification features, and 
adding sensors for plant maintenance.. 
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Abstract − Due to land scarcity, rapid urbanization, and shrinking agricultural space, urban environments such as Jakarta face 
increasing agricultural challenges. By enabling efficient, soil-free cultivation in limited areas, hydroponics has emerged as a promising 
solution to address these issues. However, ensuring the consistency of the quality of hydroponic water systems, especially in terms of 
pH and total dissolved solids (TDS), is often done manually, which is ineffective and prone to human error. Several IoT-based solutions 
have been proposed; however, many rely on cloud services or mobile platforms, which limit accessibility in offline environments. This 
study introduces a scalable, internet-independent hydroponic water quality monitoring system that uses pH and TDS sensors connected 
to an ESP32 microcontroller. A Node-RED dashboard, accessible by a browser on a local network, is used by the system to display 
data in real time, using the MQTT protocol. The system, developed using the IoT Platform Design Methodology, underwent black-box 
testing to ensure that its data acquisition, transmission, and visualization were accurate. The results showed reliable performance 
without any functional errors. Classified as a Level 2 IoT system, it allows real-time monitoring without automation and the possibility 
of future expansion such as data storage and actuator control. The proposed system provides a practical and scalable solution for urban 
hydroponic farmers working in areas with limited internet connectivity. 
 
Keywords – IoT, Sensor, TDS, pH, Node-RED, IoT Platform Design Methodology, ESP32 

I. INTRODUCTION 
Natural population growth in recent decades has led to 

an increase in food demand in many places, including big 
cities like Jakarta. Jakarta faces major problems in terms of 
food distribution and availability because it is a capital city 
with a high level of urbanization. The city is vulnerable to 
food crises due to dependence on supplies from outside the 
region, limited agricultural land due to land conversion into 
organizational and commercial areas, and rapid population 
growth [1]. To overcome these problems, one alternative 
solution that is starting to be developed is hydroponic 
farming, a plant cultivation technique that uses nutrient-
enriched air media without soil. Because it can be used in 
narrow areas, hydroponics supports the concept of urban 
farming and is efficient and environmentally friendly, 
making it very suitable for application in urban 
environments. In addition, it has been proven that this 
technique can increase plant productivity while reducing 
our dependence on excessive pesticides and chemical 
fertilizers [2][3]. 

Hydroponics is an alternative for people to grow plants 
that use little land. Hydroponics uses water as a substitute 
for soil [4]. This is one of the efforts to implement an urban 
farming system [2]. Hydroponic farming requires more 
care compared to conventional farming methods that use 
soil as a medium. As a result, more attention is needed to 
the plants [5]. Currently, the parameters of the widely used 
hydroponic system are still manually regulated by humans, 
with parameters such as nutrient concentration, pH, and 
water level being monitored [6]. The process of water 
evaporation is a separate problem in hydroponics, because 
low water levels in the nutrient solution can affect plant 
growth. Therefore, the control system must provide water 

automatically when the amount of water in the nutrient 
solution tank increases [7]. 

In recent years, research has shown that Internet of 
Things (IoT) technology is very useful for agricultural 
environmental monitoring systems, such as air quality 
measurement. IoT-based systems enable real-time 
monitoring of environmental parameters for the needs of 
conventional and hydroponic farming systems. 
Collaborating with microcontrollers such as ESP32, 
ESP8266 and ATmega328 can improve the accuracy and 
efficiency of air quality monitoring [8][9][10]. Such 
systems can read sensor values periodically and send them 
to a data processing platform via lightweight 
communication protocols such as MQTT [11][12]. 

Monitoring water parameters is very important in 
hydroponic farming. According to many studies, manually 
operated hydroponic systems face a number of problems, 
including inaccuracy in maintaining pH and TDS levels, 
which can inhibit plant growth. As a result, to improve the 
efficiency and stability of nutrients in hydroponic solutions, 
sensor-based and Internet of Things-based automated 
systems have been widely used [9][13]. Some studies even 
combine simple regression models and fuzzy logic-based 
control techniques to control nutrient pumps and stabilize 
TDS levels [14][15]. 

For data visualization and management, platforms such 
as Node-RED are widely used as monitoring dashboards 
because they are flexible and open-source, supporting 
various protocols such as MQTT and HTTP. Node-RED has 
been proven to have the ability to display sensor data in 
real-time in the form of labels, system indicators, or graphs 
that can be accessed via a local network [12][16][17]. With 
this implementation, users, especially farmers or managers 
of home-scale hydroponic systems, can monitor and 
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understand the condition of the solution easily without 
having to do manual measurements every time. 

Overall, the systems developed in various studies show 
a tendency to combine pH and TDS sensors with 
lightweight data processing systems and wireless 
microcontrollers. Real-time water quality monitoring, data-
driven parameter control, and easily accessible information 
dissemination for users are the main focuses of these 
studies. However, only a few systems can optimize web-
based visualization without cloud, and most current 
systems still use monitoring without sophisticated 
automatic control. Considering these differences, this study 
develops a web-based hydroponic water quality monitoring 
system that uses pH and TDS sensors with Node-RED. It is 
expected that this system will provide an effective and 
efficient solution that can be accessed locally by 
hydroponic users. 

In this study, an Internet of Things-based hydroponic 
water quality monitoring system using pH and TDS sensors 
was built and integrated into a web-based platform called 
Node-RED. Node-RED is a web-based tool that allows real-
time data processing and displays data from Internet of 
Things devices in a format that is easier for users to 
understand [18]. Users can monitor water quality remotely 
and get information about plant conditions instantly with 
this system [19]. 

This study uses the IoT Platform Design Methodology 
approach. To design and ensure that the hydroponic water 
quality monitoring system works well. A literature study 
was conducted to learn how the Internet of Things, pH and 
TDS sensors work, and how to build a web-based 
monitoring system using Node-RED. Meanwhile, the 
experiment was designed to test the accuracy of the sensor 
in reading water parameters and evaluate the system's 
ability to display data in real-time. This method is expected 
to enable the system to provide more accurate results and 
be more accessible to users. 

The purpose of implementing the Internet of Things 
(IoT) is to ensure that water quality can be monitored in 
real-time and improve the quality of the harvest. The use of 
the Internet of Things (IoT) as a solution to overcome this 
challenge, which allows monitoring of water quality using 
pH sensors and TDS sensors in real-time, can be monitored 
through a web-based application using Node-RED. 

II. RESEARCH METHODOLOGY 
This study uses the IoT Platform Design Methodology 

approach, a method designed to build an Internet of Things 
(IoT) system systematically, from the needs stage to 
implementation and evaluation [20]. This methodology 
was chosen because it is in accordance with the research 
objectives, namely to develop an IoT-based hydroponic 
water quality monitoring system using pH and TDS sensors 
that can be accessed via the web via Node-RED. This study 
was conducted by following the IoT Platform Design 
Methodology which consists of ten stages, which can be 
seen in Figure 1. 
 

 

A. Purpose & Requirements Specification 
The purpose of this stage is to identify the main 

objectives of the system and the specifications of the 
needs that must be met. This system is intended to 
integrate air quality in hydroponic cultivation based on 
two main parameters: pH and TDS. This system needs 
to collect data from sensors in real-time, transmit data 
via wireless communication, and present data in 
graphical form via a web platform. In addition, the 
system also requires scalability, local network security, 
and simple data processing capabilities. 

B. Process Model Specification 
At this stage, the system process flow is designed 

to show the relationship between components. The 
system starts with an ESP32 microcontroller that 
tracks the pH and TDS sensors. The MQTT protocol is 
used to send the collected information to the local 
broker. Next, the data is processed and displayed by 
Node-RED on the web dashboard. This process takes 
place cyclically and in real-time. 

C. Domain Model Specification 
In this stage, the main system components are 

explained. The physical entity consists of a hydroponic 
nutrient solution measured by pH and TDS sensors, 
while the virtual entity sends pH and TDS data to the 
Node-RED platform. Devices in this system include 
ESP32 pH and TDS sensors, and other resources 

Fig 1 IoT Platform Design Methodology 
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include Wi-Fi connectivity, MQTT protocol, and 
firmware. Using the dashboard, the monitoring service 
sends and displays data in real-time to the user. 

D. Information Model Specification 
At this stage, defining the data structure, such as 

pH value and TDS value are two type of numeric data. 
Information is structured based on sensor attributes 
and displayed in dynamic visualizations on the web 
dashboard. This model helps map the relationship 
between sensors, devices, and data delivery to users. 

E. Service Specifications 
Real-time water quality monitoring is the system's 

core service. The MQTT protocol is used to send sensor 
data to a specific subject on a local broker. The 
program works with Node-RED, which processes and 
displays the data in the form of graphs and status 
indicators. Since it does not use public or cloud access, 
the service endpoint is secure and located locally. 

F. IoT Level Specification 
At this stage, determine the IoT level category. 

This system falls into the Internet of Things Level 2 
category according to the Internet of Things taxonomy, 
which means that they have the ability to monitor in 
real-time conditions without using automatic control. 
Although data is sent and displayed directly, it does not 
perform automatic actions or decisions about the 
environment (such as turning on a pump). By adding 
control components, the system can still be developed 
to a higher level. 

G. Functional View Specification 
At this stage, the main functions of the system are 

explained, including reading pH and TDS sensor data; 
sending data via MQTT; receiving data in Node-RED; 
and viewing data on the dashboard. Each function is 
performed with a specific software and software role: 
ESP32 to process data, Mosquitto MQTT broker to 
send data, and Node-RED as a visualization manager. 

H. Operational View Specification 
At this stage, it explains the preparation of the 

operational model of the system used, such as the 
device used by the user can use their browser to view 
pH and TDS data directly on the web dashboard during 
operation. The system runs locally on a single Wi-Fi 
network. ESP32 needs to be connected to the MQTT 
broker consistently, and Node-RED must run on a local 
computer or server connected to the same network. 
The system does not consume much power and can 
operate 24 hours a day. 

I. Device & Component Integration 
At this stage, hardware assembly such as ESP32, 

pH sensor, and TDS sensor and component 
connectivity settings using breadboard and jumper 
cables are carried out followed by microcontroller 

programming using Arduino IDE, Wi-Fi connection 
testing, and communication with MQTT brokers. 
Integration is carried out to ensure that all components 
function properly and can communicate 
synchronously. 

J. Application Development 
At this stage, application development is carried out 
using Node-RED, and has a dashboard element that 
displays graphs of pH and TDS values and water status 
indicators. Node-RED logic flow includes processing 
JSON payloads, subscribing to MQTT topics, and 
presenting values in UI elements. The application can 
be accessed via a browser without the need to connect 
to the internet. 

III. RESULTS AND DISCUSSION 
A. Purpose & Requirements Specification 

a. Purpose 
This system aims to monitor water quality in a 

hydroponic system using pH and TDS sensors. With 
this monitoring, the system can ensure that water 
parameters are always in optimal conditions for plant 
growth, helping to increase the efficiency of 
hydroponic farming and minimizing potential plant 
damage due to changes in water quality. 
b. Behavior 

The system operates automatically and 
continuously in real-time. The pH and TDS sensors 
will read data at certain intervals. Then, the data is sent 
to the IoT platform via the MQTT protocol and 
displayed in graphical form on the Node-RED 
dashboard and stored for historical analysis. Although 
the system does not require manual intervention during 
the data collection process, users can track and monitor 
the condition of the sensors. 
c. Requirements 

a. System Management Requirements 
The system must provide a management 

interface to monitor the sensor status and 
perform calibration and maintenance if 
necessary. The presence of this feature is 
essential to ensure the reliability of 
measurements in the long term. In addition, 
the system must provide a regular data 
backup function. This function is intended to 
protect important data from loss in the event 
of technical disruptions or device failures. 
b. Data Analysis Requirements 

The system must have the ability to 
perform basic analysis on the data collected 
from the sensors. Calculation of daily average 
values of pH and TDS and finding patterns or 
trends in the changes in these values are part 
of this analysis. This analysis will greatly help 
users understand water quality fluctuations 
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and make decisions about improvements or 
adjustments more proactively. 
c. Application Deployment Requirement 

The system should be able to run locally 
on a device such as a Raspberry Pi or other 
minicomputer. This is done to prevent users 
from having to rely entirely on their internet 
connection. However, the system should also 
be designed in a way that allows for further 
development to support integration to cloud 
platforms if needed. At this stage, the main 
focus is on ease of installation, maintenance, 
and scalability of the system. 
d. Security 

The system must have authorization and 
authentication mechanisms to ensure that 
only authorized users can change 
configurations or view sensitive data. In 
addition, encrypting communications 
between devices (such as ESP32 and MQTT 
brokers) ensures data security. This is done to 
prevent unauthorized persons from viewing 
or changing data. 
e. Scalability Requirements 

The system must be designed to be 
modular and flexible so that it can 
accommodate the addition of new sensors or 
devices without significantly changing the 
architecture. In addition, the system must be 
able to handle increasing numbers of devices 
and data volumes while maintaining stable 
and responsive performance. Thus, the 
system must allow for future development 
and expansion without compromising the 
quality of monitoring services. 
f. Real-Time Data Processing 

To ensure that the information provided 
is always up-to-date and allows users to make 
quick decisions, the system must be able to 
manage continuous streaming data with low 
latency. Data received from sensors must be 
processed immediately and displayed on the 
user dashboard without significant delay. 
g. Maintenance and Calibration 

Requirements 
To keep the system operating properly, 

the system must also provide routine 
maintenance procedures such as checking the 
status of the device and notification of failure 
or performance degradation warnings. In 
addition, the system must provide a 
mechanism that makes it easy for users to 
perform sensor calibration periodically, 

including guidance or calibration automation 
features if possible. 

 
B. Process Model Specification 

In Figure 2. The process starts from reading data by pH 
and TDS sensors, processed by ESP32, sent to the broker 
via the MQTT protocol (Mosquitto), and then sent to Node-
RED to be displayed on the web dashboard. This process is 
cyclic and occurs periodically at set intervals. 

 
C. Domain Model Specification 

In figure 3 shows the Domain Model, which shows 
the relationships between system entities. At this point, 

Fig 3 Domain Model Specification 

Fig 2 Process Model Specification 
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the important elements of the system are identified and 
classified based on the five main components of the 
Internet of Things (IoT) domain model: physical entities, 
virtual entities, devices, resources, and services. In the 
Node-RED dashboard, pH and TDS values are displayed 
as virtual entities. In contrast, pH and TDS sensors are 
depicted as input devices that measure water conditions 
(physical entities). ESP32 processes the sensor data 
resources and sends them via the MQTT communication 
service. Furthermore, the data is visualized via Node-RED 
for end users to access. The structured flow of information 
from the physical environment to the digital display that 
can be monitored in real-time by the user is connected by 
the relationships between these entities. 

1 Physical Entity 
- Water 

In hydroponic systems, water quality is the main 
physical entity monitored. To determine the acidity 
level and the amount of dissolved substances in the 
Water, pH and TDS sensors detect water conditions. 
An important factor for hydroponic plant growth is 
water quality. 

2 Virtual Entity 
- Digital Representation of Water Quality 

Conditions 
The pH and TDS values of the sensors are 

processed by the ESP32 and sent as digital 
representations. To make it easier for users to monitor 
water conditions in real-time, the data is visualized in 
the Node-RED dashboard. It is possible to monitor or 
analyze the actual water conditions through the digital 
representation of these virtual entities. 

3 Device 
- ESP32 

Acting as a data processing and sending center, 
ESP32 manages input from pH and TDS sensors and 
sends data to the MQTT broker to be forwarded to 
Node-RED. In addition, ESP32 stores temporary data 
that can be accessed by the system. 
- pH Sensor and TDS Sensor 

pH & TDS Sensor Are input devices used to capture 
water quality conditions. The pH sensor detects the 
acidity level of water, and the TDS sensor measures the 
amount of total dissolved substances. 

4 Resource 
- Data pH and TDS Sensor 

This is the main resource of the system to generate 
monitoring information. For analysis and display, the 
data is collected and sent via ESP32. 
- On Device Resource 

Before the data is sent to the visualization platform, 
temporary data stored on the ESP32 is used. 
- Network Resource 

Shows how the local network is used to send data 
from the ESP32 to the MQTT broker and then to Node-
RED. 

5 Service 
- Water Quality Data Collection and Presentation 

Services 
The service includes collecting data from pH and 

TDS sensors, sending data via MQTT, and presenting 
information on the Node-RED dashboard. The service 

allows users to monitor water conditions visually and 
in real-time via a browser. 

6 Active Digital Artefact 
- Node-RED Dashboard based web interface 

a web-based digital interface that displays 
monitoring data. To make it easy for users to 
understand, Node-RED presents pH and TDS 
information in the form of graphs and color indicators. 

7 Human User 
- Hydroponic Farmers / System Operators 

To monitor water quality, people using the system 
can interact with the dashboard, view data in real-time, 
and then take action based on the information the 
system provides. 

8 User 
- User 

A generic entity that interacts with an Active 
Digital Artifact. In the context of this system, a user 
can access information through a browser and rely on 
the system to make decisions about hydroponic water 
management. 

 
D. Information Model Specification 

In Figure 4 shows an information model that describes 
the data structure and main attributes of a hydroponic water 
quality monitoring system. This model shows how data is 
generated, classified, and displayed as virtual entities in an 
IoT-based system. 

The Device entity is an ESP32 microcontroller unit, 
which functions as a data processing and sending center. 
ESP32 receives data from pH and TDS sensors connected 
to it, and then forms a digital representation in the form of 
a Virtual Entity. 

Water Quality is a virtual entity with ID = WQ1, 
EntityType is Water, and functions as a digital 
representation of the actual water conditions monitored in 
the hydroponic system. 
This virtual entity has two main characteristics: 

1. pH Level 
- AttributeName: pHValue 
- AttributeType: Float 

The acidity value of the water determined by the 
pH meter usually represents this attribute, which 

Fig 4 Information Model Specification 



JISA (Jurnal Informatika dan Sains)   e-ISSN: 2614-8404 
 Vol. 08, No. 01, June 2025   p-ISSN: 2776-3234  
        

 
JISA (Jurnal Informatika dan Sains) (e-ISSN: 2614-8404) is published by Program Studi Teknik Informatika, Universitas Trilogi 
under Creative Commons Attribution-ShareAlike 4.0 International License.  

  86 
 

usually ranges between 0 and 14. The ideal 
hydroponic value is around 5.5 to 6.5. 

2. TDS Level 
- AttributeName: TDSValue 
- AttributeType: Integer 

This attribute indicates the amount of total 
dissolved solids (TDS) in the water in ppm, or parts 
per million. The value indicated by the TDS sensor 
is the level of nutrient density in the hydroponic 
solution. 

The ESP32 sends the values of these two attributes 
periodically to a visualization platform, such as Node-
RED. Thus, users can see the values in real-time and make 
adjustments if the values are outside the optimal limits. 
 
E. Service Specification 

Figure 5 shows the System Service Specification that 
illustrates how the system uses the MQTT protocol to help 
sensors communicate with a central monitoring controller. 
In this configuration, MQTT endpoints labeled pH and 
TDS send pH and TDS sensor readings to the endpoint, 
which sends real-time data to a service called the Water 
Quality Monitoring Controller via a lightweight protocol. 

As a central MQTT subscriber, this service collects 
and monitors all incoming data from the two sensor 
channels. This data is then processed and translated into 
system outputs such as the Current Mode status, which 
indicates whether the system is operating in manual or 
automatic mode. This structure allows for efficient, real-
time communication with low bandwidth, allowing users 
or automated modules to make timely decisions about the 
water quality status. 

 

F. IoT Level Specification 

Figure 6 shows that the system consists of a single 
local monitoring node consisting of various integrated 
components. The microcontroller device (ESP32), which 
acts as the main controller, is where the process begins. 
This device directly indicates the water quality by reading 
the pH and TDS sensor values in the hydroponic system. 

The internal control uses ESP32 to handle the data 
after the sensor values are read. It validates and converts 
the data into a digital format that can be sent. Next, the data 
is sent to the service section via the MQTT communication 
protocol. The service section delivers the data to the 
application interface, which is a web-based Node-RED 
dashboard. 

The entire process is done locally without cloud 
involvement, so the dashboard can display the pH and TDS 
values in real-time in the form of graphs and label status. In 
addition, the system can show the current system mode 
(Auto/Manual) as additional information displayed to the 
user. This allows the system to collect and process data 
entirely within the local network, making it suitable for use 
in places where there is no cloud. 
 
G. Functional View Specification 

Figure 7 shows the structure of an Internet of Things 
(IoT)-based system divided into three main layers: 
applications, services, and devices. Each layer shows the 
role and function of each system component in a modular 

Fig 5 Service Specification 

Fig 6 IoT Level Specification 

Fig 7 Functional View Specification 
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and hierarchical manner. The physical components in the 
device layer, or device layer, include pH and TDS sensors. 
They are used to measure the quality of the nutrient solution 
in a hydroponic system. The ESP32 microcontroller is 
connected to both sensors, which functions as the main 
controller to read sensor data, perform initial processing, 
and transmit data wirelessly using the MQTT protocol, 
which is very lightweight and supports real-time 
communication. The service layer includes management 
components and interaction systems. In the Management 
sector, there are Application Management and Device 
Management functions that are operated through the logic 
flow on Node-RED. Meanwhile, in the Service section, the 
system implements a Web Service based on Node-RED 
Logic and the MQTT protocol managed by the MQTT 
Broker as a liaison to transfer data from the device to the 
application. This architecture allows the system to provide 
a real-time and cloud-independent hydroponic water 
quality monitoring solution, making it particularly suitable 
for deployment in urban environments that have limited 
internet access but still require a reliable monitoring 
system. 
 
H. Operational View Specification 
 

Table 1 Operational View Specification 

Application Application Server: Node-RED 
Engine 

Service Web Service 
Communication MQTT (MQTT Broker, Node-

RED Logic) 
Devices Controller: ESP32 

Sensor: pH Sensor, TDS Sensor 
Table 1 shows various operational options that can be 

used to implement and operate an Internet of Things 
system that combines hydroponic water quality. To ensure 
that all hardware and software components can work in an 
integrated and mutually supportive manner, this stage is 
very important. 

ESP32 serves as the main controller in this system, 
connecting pH and TDS sensors to measure water quality 
parameters. The data obtained is then sent in real-time via 
the MQTT communication protocol, which is lightweight 
and ideal for Internet of Things-based applications. 

This system uses Node-RED Engine and MQTT 
Broker (Mosquitto) as an application server. Node-RED 
not only receives and processes data from the broker but 
also provides an interactive web dashboard interface that 
directly displays pH, TDS, and system status. This system 
is ideal for use in areas with limited internet because it 
operates locally without relying on the cloud. 

 
I. Device and Component Integration 

The process of integrating all software and hardware 
in the system into one functional unit is depicted in Figure 
8 Device and Component Integration. In order for the 
system to monitor hydroponic water quality in real-time, 
the integration of these components is very important. 

The two main components of the system are the 
physical components (hardware) and the logical 
components (software). The ESP32 microcontroller is 
directly connected to the hardware with two sensors: a pH 
sensor and a TDS sensor. The pH sensor measures the 
acidity or alkalinity of the nutrient solution, and the TDS 
sensor measures the amount of dissolved substances 
present in the water concerning nutrient levels. 

The ESP32 acts as a control center that calculates the 
values of both sensors. After the reading is complete, the 
data is formatted and packed in JSON format using 
firmware developed in the Arduino IDE. Next, the data is 
sent to a locally running broker, Mosquitto, via the MQTT 
protocol. 

On the software side, Node-RED is a workflow-based 
visual platform used to process and display sensor data. 
Node-RED subscribes to topics sent by the ESP32 and 
displays pH and TDS values on a web-based dashboard in 
real-time. 

Using a browser that is on the same network as the 
Node-RED server, you can access this dashboard without 
being connected to the internet. Through the use of value 
indicators and graphs, users can track changes in water 
quality and use this data to make decisions. 

Ensuring that sensor data can be read, sent, received, 
and visualized efficiently, this process runs automatically 
and synchronously. In order for this monitoring system to 
run well, good hardware and software integration is 
essential. 
 
J. Application Development 

In the application implementation stage, the author 
carried out several stages to realize an IoT-based 
hydroponic water quality monitoring system. The first 
stage uses the Node-RED platform to produce real-time 
graphic visualization of pH and TDS sensor data. Next, the 
author sets up data communication using the MQTT 
protocol, which functions as an information exchange path 
between the application platform and the microcontroller. 
To ensure that data reading runs smoothly, the next stage is 
to configure the controller (ESP32) and connect it to the pH 
and TDS sensors. After the configuration is complete, the 
author installs the sensors and hardware on the hydroponic 
system. This includes testing the stability of the readings 
and network connections. Data visualization and analysis 
are the final steps in this implementation. In the Node-RED 
web dashboard, data sent by the ESP32 via MQTT is 
displayed. This allows users to see changes in pH and TDS 
values in real-time and make decisions based on the 
information they see. 
 

Fig 8 Device and Component Integration 
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1. Application Development 

Figure 9 shows the Node-RED flow configuration to 
receive pH sensor and TDS sensor data from the MQTT 
Broker and then display it in the form of a bar graph. 

 

Figure 10 is a Node-RED dashboard displaying the pH 
sensor and TDS sensor data previously received from the 
MQTT Broker. 

2. Hardware assembly and integration 

In Figure 11 the hardware is assembled, the ESP32 
microcontroller is connected to the pH sensor and TDS 
sensor. 

 
 
 

3. ESP32 Programming 
The ESP32 is programmed using the C++ programming 

language through the Arduino IDE platform. This 
microcontroller is configured to read data from the pH 
sensor and TDS sensor, then process it before sending it via 
the MQTT protocol. Figure 12, Figure 13, and Figure 14 
show the complete scripts used to read sensor data and send 
it to the MQTT broker periodically. 

  

Fig 9 Node-RED Flow 

Fig 10 Node-RED Dashboard Output 

Fig 11 Controller Assembly 

Fig 12 Script ESP32 (a) 
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K. Application Testing 
This stage is carried out after the application has been 

successfully developed; System testing is carried out using 
black-box testing to ensure that the application functions 
properly as expected. Table 2 shows some of the tests 
carried out. 

Table 2 Black-box Testing 

No Description Expected 
Results 

Results 

1 The pH sensor 
reads the value of 
the hydroponic 
solution 

The pH value is 
displayed on the 
dashboard 
according to the 
actual value. 

Success 

2 TDS sensor reads 
dissolved 
substance levels 

TDS values are 
displayed on the 
dashboard 
according to 
actual values. 

Success 

3 ESP32 sends 
sensor data to 
MQTT broker 

Data 
successfully sent 
to MQTT topic 
and received by 
Node-RED 

Success 

4 Node-RED 
receives and 
displays sensor 
data 

Data appears on 
the dashboard in 
real-time 

Success 

5 Users access the 
dashboard from a 
browser 

The dashboard 
opens and 
displays the pH 
and TDS graphs. 

Success 

6 The system 
continues to run 
while the sensor is 
given repeated 
input. 

No crashes, 
values stay 
updated in real-
time 

Success 

The black-box testing results showed that the system 
operated as expected in all scenarios. Both the pH and TDS 
sensors were able to accurately detect and transmit the 
actual hydroponic solution values, which were then 
displayed correctly on the Node-RED dashboard. The 
ESP32 microcontroller consistently sent data from the 
sensors to the MQTT broker, and the Node-RED interface 
received and visualized this data in real-time. Furthermore, 
the dashboard remained accessible through the browser 
interface, and the displayed graphs were continuously 
updated in response to new data input. The system 
remained active and responsive without any delays or 
crashes even when multiple sensors interacted. These 
results demonstrate that the system can reliably and 

Fig 13 Script ESP32 (b) 

Fig 14 Script ESP32 (c) 
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continuously monitor hydroponic water quality. These 
results make the system feasible for use in real-world 
situations. 

IV. CONCLUSION 
This research has created and implemented a 

hydroponic water quality monitoring system based on the 
Internet of Things (IoT) that uses pH and TDS sensors 
connected to the ESP32 microcontroller. By using the 
MQTT communication protocol, this system can read water 
quality data periodically and send it in real-time to the 
Node-RED platform. This data is then presented in a web 
dashboard that can be accessed through the Node-RED 
platform. 

Acidity levels (pH) and dissolved solids levels (TDS) 
are two main hydroponic parameters that can be monitored 
stably by the system. The implementation stage includes 
hardware and software integration. The results of the black-
box method test show that all system features, including 
sensor readings, data transmission, and information 
visualization, have run according to expectations and 
planned specifications. 

This system is included in the IoT Level 2 category, 
which means that they can perform real-time monitoring 
but do not have automatic control functions. However, this 
system is built modularly and allows for further 
development, including storing historical data into a 
database and automatic actuator control. 

It is hoped that this system will be a simple yet 
successful solution to help hydroponic farmers maintain 
nutrient stability and increase crop yields by monitoring 
water quality more efficiently, practically, and accurately. 
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Abstract − Clairent Hotel is an online hotel room booking application specifically targeting the Bali area. A crucial aspect of developing 
an effective application is designing the user interface (UI) and user experience (UX) to meet the needs of users. This is particularly 
important for delivering an optimal experience during both leisure and business trips in Bali. To achieve this, the development of the 
Clairent Hotel application utilizes the Design Thinking methodology, which encompasses five key stages: empathize, define, ideate, 
prototype, and test. This approach is crucial as it prioritizes understanding the user's perspective and needs, fostering innovative 
solutions that enhance usability and satisfaction. By engaging in empathy-driven research, the design team can uncover insights into 
user behaviors and preferences, which informs the definition of the core problems to be addressed. Ideation allows for brainstorming 
creative solutions, while prototyping enables the visualization of these ideas in a tangible format. Finally, testing ensures that the 
application meets user expectations and functions effectively. The result of this research is a Clairent Hotel application that operates 
seamlessly, featuring an intuitive user interface that facilitates easy navigation. By employing the Design Thinking process, the 
application not only addresses user needs but also enhances the overall user experience, ultimately contributing to greater customer 
satisfaction and loyalty. 
 
Keywords – UI/UX, Design Thinking, Method.

I. INTRODUCTION 
Various aspects of life are affected by the advancement 

of information technology, and design is one of them. A 
plan or design made before an item, system, component, or 
structure is made is called design. The goal is to make the 
object to be made useful, beautiful, and functional for 
humans. Ensuring the right balance between UI and UX is 
essential for successful UI/UX design, which means a 
pleasant interaction between the application and the user 
without neglecting the importance of an attractive 
appearance. It is very important for businesses to ensure 
that the application or website is easy for users to use[1][2]. 

 
Clairent Hotel is an innovative online hotel room 

booking application tailored specifically for the vibrant and 
diverse tourism market of the Bali region. As the demand 
for seamless travel experiences continues to rise, the 
importance of crafting an effective application cannot be 
overstated. A critical component of this process is the 
meticulous design of the user interface (UI) and user 
experience (UX), which must be thoughtfully aligned with 
the varied needs and preferences of users. This emphasis on 
user-centric design is vital for delivering an exceptional 
experience to both leisure travelers seeking relaxation and 
exploration, as well as business travelers requiring 
efficiency and convenience during their stay. 

 
Clairent Hotel serves as a comprehensive platform for 

hotel rental services, offering a wide range of 
accommodations that cater to different budgets and 
preferences. Given the competitive nature of the hospitality 
industry in Bali, it is imperative that the application is not 
only user-friendly but also highly accessible across various 
devices and operating systems. A well-designed UI ensures 
that users can easily navigate through the application, find 
relevant information, and complete bookings with minimal 

effort. Meanwhile, a positive UX enhances user satisfaction 
by creating an engaging and enjoyable interaction with the 
application, fostering trust and encouraging repeat usage. 

 
Moreover, the application must incorporate features 

that address the specific needs of its users, such as 
personalized recommendations, easy comparison of hotel 
options, and streamlined payment processes. By focusing 
on these aspects, Clairent Hotel aims to position itself as a 
leader in the online hotel booking market in Bali, ultimately 
enhancing the overall travel experience for its users. In a 
region known for its rich culture and stunning landscapes, 
providing a reliable and efficient booking platform is 
essential for helping travelers create memorable 
experiences during their stay. 

 
User interface (UI) and user experience are two 

important components that cannot be separated in the 
product design process. User interface or the interface is 
what is visible in the operation of a program, while user 
experience is what the user feels when operating the 
program. User experience is determined by how easy or 
difficult it is to interact with the interface elements that 
have been created by the designer. Use of the method 
Design Thinking [3], [4]will affect the design of the user 
interface and user experience of a product. Methods Design 
Thinking has a series of processes including Empathize, 
Define, Ideate, Prototype, Test. Each process in the method 
Design Thinking used to find out user needs and problems, 
which will then be resolved into a solution that is translated 
into the form of interface and interaction design [5],[6], The 
UI/UX Design with Design Thinking Method for The 
University Complaint Website[7]. 
 

II. RESEARCH METHODOLOGY 
Design Thinking Method 
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 Design thinking is a cross-disciplinary creative 
solution-based approach that combines analytical thinking, 
practical skills, and creativity in thinking [8],[9][10] . The 
method that will be used is the Design Thinking method. 
This method is to create solutions that begin with the 
Empathize process for a particular need that is centered on 
humans (human centered). Not only that, there are 3 
processes, namely inspiration is used to find solutions to a 
problem or find a new discovery. Ideation is a series that 
produces new thoughts[11],[12], where these thoughts are 
developed more widely and tested, and the last stage is 
implementation, which is implementing the final result to 
prospective users. In the development process, the three 
stages are developed into five stages, basically there are not 
many differences, but some parts have been highlighted, so 
that the procedure is more detailed[13]. 
 

 
 

Fig 1. Design Thinking Framework 
 
 The Design Thinking method has 5 stages, namely, 
Empathize aims to understand users in the context of the 
product designed through observation and distributing 
questionnaires with the first given scenario. The second 
stage is Define, which aims to determine the formulation of 
the problem as the main objective of the research[14]. The 
third stage is Ideate [15], which aims to produce ideas or 
concepts as a basis for making prototyping [16]. Fourth, 
Prototype is the initial design of the product to be made in 
order to find errors early and obtain new possibilities. The 
last is Trial. Trials are carried out to collect data from 
various user responses or to see whether the application is 
suitable for use or not. 

III. RESULTS AND DISCUSSION 
Discussion Results 
The primary outcome of this discussion is the development 
of the Clairent Hotel application, which demonstrates that 
creating UI/UX through the design thinking method can be 
achieved by following the appropriate steps. The 
application is designed to simplify the hotel reservation 
process for users, featuring a clean and organized UI/UX 
design. 
Splash Screen 
When opening the application, the screen will display a 
Splash Screen, here the User can see a glimpse of the 
Clairent Hotel logo when opening the Clairent Hotel 
application. 
 

  
Fig 2. Splash Screen Wireframe  

 
Login Page 
After going through the splash screen, you will then enter 
the login page. On this login page, users can enter their 
email address and password if they are already registered 
in the Clairent Hotel application. Then just click the login 
button and the user will enter the next page. 
 

  
Fig 3. Login Page Wireframe  

 
 
Sign Up Page 
Then there is a sign up page. When the user has not created 
an account, the user can create an account on this page, 
simply enter the data in the column, then the account has 
been created, the user can proceed to the login page, then 
log in with the data that has been created. 
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Fig 4. Wireframe Sign Up Page  

 
Home Page 
Next, if the user is logged in, the user will enter the home 
page, where all the information and accessibility of the 
application are, starting from the location of the 
accommodation, how many people will stay, and how 
many rooms are rented. On this page there is also a search 
and a glimpse of the Clairent Hotel hotel rental offers. Then 
there is a menu that can be seen, such as Book Now for 
hotel reservations, Our Restaurant to see information about 
restaurants at the Clairent Hotel, then there is Location, 
which is where the hotel is located, then there is Rate Us to 
display hotel reviews, then there is FAQ, which is questions 
and answers about Clairent Hotel information, and finally 
there is Contact Us to communicate with the hotel's 
Customer Service. Under the menu there is Bottom 
Navigation used to see the home, and profile, users can also 
click on the middle part of the "+" sign to make a hotel 
reservation. 
 

    

Fig 5. Wireframe Home page  
 
 
Book Now Page 
Next, if the user clicks on the Book Now menu, the Book 
Now page will appear, where this page is used to book a 
hotel at Clairent Hotel, the user can see what information is 
provided such as room prices, room descriptions, choose 
the date of stay, and the booking now button to book the 
hotel. 
 

    
Fig 6. Wireframe Book Now  

 
 
Payment Page 
Then, when the user clicks Booking Now on the Book Now 
page, continue to the Payment page, where on this page the 
user can make payments using several options. When the 
user has entered the required data, the user can click the Pay 
Now button to pay the bill. 
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Fig 7. Wireframe Payment Page  
 
Rate Us Page 
Then there is the Rate Us page menu, on this page users can 
review and give ratings to Clairent Hotel, so that other 
visitors can see and provide suggestions for hotel services 
to develop. 
 

    
Fig 8. Wireframe Rate us page  

 
FAQ Page 
Then next there is the FAQ menu, FAQ or the abbreviation 
of Frequently Asked Questions is information about 
questions for customers or users who are confused about 
ordering or other things. On this page users can see and 
scroll down to see the answers that have been given by the 
hotel. 
 

    
Fig 9. FAQ Page Wireframe  

 
Location Page 

Then there is the Location Page menu, on this page users 
can see the location of the hotel, 
 

     
Fig 10. Wireframe Location Page  

 
Our Restaurant Page 
Next, there is the Our Restaurant menu, users can see 
various restaurant choices at Clairent Hotel, according to 
the atmosphere, then there is a description of the restaurant 
and there is a hotel customer service number for the 
restaurant section. 
 

  
Fig 11. Wireframe Our Restaurant Page 

 
Contact Us Page 
Then, there is a Contact Us menu, on this page if the user 
feels confused about hotel reservations, or what facilities 
are provided at Clairent Hotel, they can contact the hotel's 
Customer Service. There is the location of Clairent Hotel, 
the hotel's customer service number, Clairent Hotel email, 
or you can contact the hotel's social media. 
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Fig12. Wireframe Contact Us  

 
Profile Page 
Finally, there is bottom navigation to go to the profile page, 
where on this page, there is user account data, starting from 
profile photo, user username, user date of birth, and user 
email. Users can also add user social media, then the last is 
the Log Out button, where this button functions for users 
when they want to exit the Clairent Hotel application, for a 
moment when Log Out, then the splash screen will appear 
again, then go to the Login Page again. 
 

    
Fig 13. Profile Page Wireframe 

.  
The findings from this research on the design of the 
Clairent Hotel application underscore the importance of 
employing a structured approach, such as the design 
thinking method, in the development of user interfaces and 
experiences. The resulting application not only facilitates 
the hotel reservation process but also emphasizes the value 
of a simple and organized design. Based on these insights, 
it is recommended that future app designs prioritize user-

centric principles, ensuring that the UI/UX is intuitive and 
accessible. By adhering to these recommendations, 
developers can create applications that effectively meet 
user needs and enhance overall satisfaction. 

IV. CONCLUSION 
Based on the results of the discussion that has been 

carried out on the design of the UI/UX design for the 
Clairent Hotel application, there are several things that can 
be concluded, including: (1) This discussion resulted in a 
UI/UX design and prototype of the Clairent Hotel website, 
(2) The results of this development are still in the form of 
designs and prototypes to provide an overview of the hotel 
application before being implemented by the development 
team. 

Future works for researcher may conduct extensive 
user testing with a diverse group of participants to gather 
feedback on the prototypes. This would provide insights 
into real user interactions, preferences, and pain points, 
enabling iterative improvements to the design. 

REFERENCES 
[1] A. A. Krishnavarty, M. Defriani, and T. I. 

Hermanto, “UI/UX Design for Language Learning 
Mobile Application Chob Learn Thai Using the 
Design Thinking Method,” SinkrOn, 2022, doi: 
10.33395/sinkron.v7i3.11585. 

[2] N. Rösch, V. Tiberius, and S. Kraus, “Design 
thinking for innovation: context factors, process, 
and outcomes,” Eur. J. Innov. Manag., 2023, doi: 
10.1108/EJIM-03-2022-0164. 

[3] K. Roth, D. Globocnik, C. Rau, and A. K. Neyer, 
“Living up to the expectations: The effect of design 
thinking on project success,” Creat. Innov. Manag., 
2020, doi: 10.1111/caim.12408. 

[4] C. Y. Huang, L. Y. Tsai, C. H. Chung, F. F. Shih, 
and Y. M. Wang, “The effect of design thinking 
approach in interprofessional education 
programme of human sexuality course: A quasi-
experimental design,” Nurs. Open, 2023, doi: 
10.1002/nop2.1363. 

[5] I. Darmawan, M. S. Anwar, A. Rahmatulloh, and 
H. Sulastri, “Design Thinking Approach for User 
Interface Design and User Experience on Campus 
Academic Information Systems,” Int. J. 
Informatics Vis., 2022, doi: 10.30630/joiv.6.2.997. 

[6] M. Pande and S. V. Bharathi, “Theoretical 
foundations of design thinking – A constructivism 
learning approach to design thinking,” Think. Ski. 
Creat., vol. 36, no. February, p. 100637, 2020, doi: 
10.1016/j.tsc.2020.100637. 

[7] S. Milda Puspita and N. Apriyanti, “The UI/UX 
Design with Design Thinking Method for The 
University Complaint Website,” Inf. Technol. Int. 
J., 2023, doi: 10.33005/itij.v1i1.2. 



JISA (Jurnal Informatika dan Sains)   e-ISSN: 2614-8404 
 Vol. 08, No. 01, June 2025   p-ISSN: 2776-3234  
  
   

 
JISA (Jurnal Informatika dan Sains) (e-ISSN: 2614-8404) is published by Program Studi Teknik Informatika, Universitas Trilogi 
under Creative Commons Attribution-ShareAlike 4.0 International License.  

  97 
 

[8] C. Jiang and Y. Pang, “Enhancing design thinking 
in engineering students with project-based 
learning,” Comput. Appl. Eng. Educ., 2023, doi: 
10.1002/cae.22608. 

[9] B. J. M. Robertson, “Combining Design Thinking 
and Systems Engineering to Improve Customer 
Outcomes,” Des. J., 2020, doi: 
10.1080/14606925.2020.1822046. 

[10] E. Coleman, T. Shealy, J. Grohs, and A. Godwin, 
“Design thinking among first-year and senior 
engineering students: A cross-sectional, national 
study measuring perceived ability,” J. Eng. Educ., 
2020, doi: 10.1002/jee.20298. 

[11] T. Buphate and R. H. Esteban, “Using Ideation 
Discussion Activities in Design Thinking to 
Develop EFL Students’ Speaking and Critical 
Thinking Abilities,” Learn J. Lang. Educ. Acquis. 
Res. Netw., 2022. 

[12] R. Bender-Salazar, “Design thinking as an 
effective method for problem-setting and 
needfinding for entrepreneurial teams addressing 
wicked problems,” J. Innov. Entrep., 2023, doi: 
10.1186/s13731-023-00291-2. 

[13] W. Chanpuypetch and D. Kritchanchai, “A design 
thinking framework and design patterns for 
hospital pharmacy management,” Int. J. Healthc. 
Manag., 2020, doi: 
10.1080/20479700.2017.1389479. 

[14] C. Wrigley, G. Mosely, and M. Mosely, “Defining 
Military Design Thinking: An Extensive, Critical 
Literature Review,” She Ji, 2021, doi: 
10.1016/j.sheji.2020.12.002. 

[15] N. D. Fila, S. McKIlligan, and K. Guerin, “Design 
thinking in engineering course design,” in ASEE 
Annual Conference and Exposition, Conference 
Proceedings, 2018. doi: 10.18260/1-2--30271. 

[16] L. M. Simon and D. C. Cox, “The role of 
prototyping in mathematical design thinking,” J. 
Math. Behav., 2019, doi: 
10.1016/j.jmathb.2019.100724. 

 



JISA (Jurnal Informatika dan Sains)   e-ISSN: 2614-8404 
 Vol. 08, No. 01, June 2025   p-ISSN: 2776-3234   
  
  
   

JISA (Jurnal Informatika dan Sains) (e-ISSN: 2614-8404) is published by Program Studi Teknik Informatika, Universitas Trilogi 
under Creative Commons Attribution-ShareAlike 4.0 International License. 
 

  98 
 

Ethereal Lenscraft Company Profile UI/UX Design 
Using Design Thinking Approach  

 
1Zulkifli Azis,  2Rulliansyah Sugianto 

1,2Informatics Engineering Study Program, Faculty of Creative Industries and Telematics, Trilogi University 
Zulkifli.azis@trilogi.ac.id, rulliansyah.sugianto@trilogi.ac.id  

 
Abstract − Ethereal Lenscraft is a company specializing in photography and videography, with its company profile 
designed to effectively market its services. The primary focus of the website is to enhance user interactivity and 
satisfaction for those seeking documentation services for their events. Therefore, it is essential to conduct research from 
a design perspective, particularly in terms of UI/UX. This study employs the Design Thinking methodology to enhance 
the user interface (UI) and user experience (UX) of the "Ethereal Lenscraft" website, which offers photography and 
videography services tailored to specific events. The research follows the Design Thinking steps, including empathy, 
definition, ideation, prototyping, and testing, to ensure that the user experience aligns with expectations and leaves a 
lasting impression. Additionally, the photography industry entails technical complexities and various supporting 
elements, including equipment and personnel. Photography and videography works are categorized into commercial, 
journalistic, and artistic/expression genres. The outcomes of this study will serve as a benchmark for enhancing user 
experience and fostering deeper interactions on the "Ethereal Lenscraft" company profile website. 
 
Keywords : Design Thinking,  User Interface Design, User Experience.

I. INTRODUCTION 
The rapid advancements in technology, particularly in 

the domains of information and communication systems, 
have significantly enhanced the capabilities to meet the 
diverse needs of various industries [1],[2]. User Interface 
(UI) and User Experience (UX) exemplify this swift 
technological evolution [3], enabling individuals to 
leverage digital media—both online and offline—to design 
products that are visually appealing and user-friendly, 
thereby enhancing user comfort and convenience[4]. 

 
Creative industries, such as photography and 

videography, exhibit unique characteristics influenced by 
various technical aspects that shape their development. 
Numerous supporting elements, including equipment and 
human resources, play crucial roles in this sector, with 
essential tools comprising cameras, lenses, tripods, 
lighting, and more [5]. Traditionally, the process of 
ordering photography and videography services required 
customers to either visit a studio or contact available 
photographers directly, as there were no applications on 
platforms like the Play Store or App Store, nor websites 
offering reservation services for these services. This 
approach proved inefficient, as customers had to physically 
visit studios to coordinate schedules and locations with 
photographers. 

 
Ethereal Lenscraft is a company that specializes in 

providing professional photography and videography 
services to fulfill visual documentation needs. However, 
the design of the company's website is deemed suboptimal, 
necessitating the application of the Design Thinking 
methodology to enhance the User Interface (UI) and User 
Experience (UX) on the "Ethereal Lenscraft" website. 

 

Consequently, the objective of this research is to 
develop a design model for User Interface and User 
Experience by implementing innovations in the form of a 
company profile website using the Design Thinking 
method. This methodology is considered effective in 
addressing existing challenges[6],[7], [8], particularly in 
enhancing UI and UX to foster deeper interactions with 
users and ensure an optimal user experience. 

II. RESEARCH METHODS 
 
This study uses the design thinking method. The reason is 
that the company profile website must support customer 
desires with every problem, especially in the fields of 
photography and videography. Design thinking itself is a 
method known as a comprehensive thinking process that 
concentrates on creating solutions that begin with the 
process of empathy for a particular need that is centered on 
humans (human centered) towards a sustainable innovation 
based on the needs of its users[9],[10]. 
 

 
Fig 1. Design Thinking Method.  

. 
This method has 5 stages[11],[12], namely: Empathize 
which aims to find out user needs based on their views, 
define which aims to describe each problem based on 
empathize, ideate is the part where ideas and solutions 
obtained from each problem in define become the basic 
reference for making a prototype, prototype is the stage 
where ideas and solutions in ideate are implemented in the 
form of user interface or UI designs that can solve the 
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problems defined, test is the last stage where the prototype 
is run by the user in real time which is expected to produce 
feedback or input for the development of the Ethereal 
lenscraft company profile website. 
 

1. Empathize 
Empathize means relating to user feelings, 
empathy, emotions, views, and user experiences 
with system designers. An approach taken with 
users to understand and explain the problems they 
have and what needs they want to fulfill. This 
stage will focus on users who need professional 
documentation services with many choices and 
support customization according to their 
wishes[13]. The problem comes from the 
geographical location of the user where photo 
studios can be much more difficult to find even 
though their location offers natural beauty. There 
is also a problem where lay people in photography 
and videography want to just learn but do not 
know the equipment and techniques in the world 
of photography and videography. 
 

2. Define 
At the level Design  Thinking, Define is the second 
step after the level Empathize.  On the step Define, 
the research team formulates a clear and concrete 
problem statement based on the insights and 
understanding gained from the previous stage. The 
purpose of this stage Define is to identify precisely 
and specifically what needs to be solved or 
addressed in the design process. By formulating 
the right problem statement, the research team will 
have a clear focus in finding innovative and 
effective solutions [14]. And the problems that 
arise in the empathize stage divide several 
categories of users into several parts, as follows: 
a. Lay users who are aged 18-40 and male or 

female. In this user category, the website 
must be made to support easy understanding 
if it is intended for reference for learning 
photography and videography. Using easy 
language so that men and women can increase 
the speed of user understanding. 

b. Users who live in big cities and have middle 
to upper incomes. Users in this category 
specialize in a service that requires user trust 
in a company through a previously created 
portfolio. 

c. Users with extrovert personalities, have an 
interest in art & culture, uphold aesthetic 
values, and quality. These users require the 
company profile website to show a more open 
design and insert artistic and cultural values 
with aesthetics and quality. 

d. Users with positive traits and willing to 
accept new things. For this one user, a website 
is needed that uses language that is not 
considered indoctrinating but still directs 
users according to their needs. 

3. Ideate 
In this third step, researchers can generate ideas for 
problem solutions by conducting brainstorming with 
the team and stakeholders [15]. Ideas obtained through 
brainstorming will produce ideas in the form of 
solutions to problems faced by users. And after each 
problem from the above categories has been defined, 
the solution is as follows: 
a. Creating a company profile website has 

informative tips and tricks that people aged 18-40 
can quickly understand. 

b. Create a portfolio that can illustrate the 
professionalism of the company ethereal lenscraft. 

c. Beautify the design of the company profile 
according to artistic and cultural values but 
without eliminating the elements of aesthetics and 
quality. 

d. Using language that describes ethereal lenscraft 
does not indoctrinate or patronize users in order to 
create comfortable user interaction. 

 
4. Prototype 
This stage is an initial representation or model created 
to realize ideas or solutions resulting from the process 
of understanding, observation, and ideation. Prototype 
is an important step in the exploration and 
experimentation phase of design to test and develop the 
concepts that have been generated before they are fully 
implemented. Prototype can take various forms, from 
physical prototypes (real or printed models) to digital 
prototypes (in the form of wireframes, mockups, or 
working software). The purpose of creating a prototype 
is to obtain responses and feedback from users. Thus, 
the prototype allows for necessary changes and 
improvements before the final product or service is 
implemented. Based on the previous 3 stages, the 
designs offered are as follows: 
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Fig 2.Wireframe Home Page. 

 

 

 

 
Fig 3. Wireframe Page About. 

 

 

 

 
Fig 4.Wireframe Tips & Tricks Page. 

 

 

 
Fig 5.Wireframe Gallery Page. 

 

 

 
Fig 6.Wireframe Page Booking. 
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5. Testing 
Testing is a validation step if the solution design that 
has been implemented is correct and is able to solve 
user problems or needs further development. After the 
prototype has been produced, this stage uses the 
feedback method via Google Form which is published 
to prospective users and is expected to be shared with 
friends or family of the user. 

III. RESULT AND DISCUSSION 
Based on the survey conducted previously, it produced 
complete data regarding the need for improving the design 
of the Ethereal Lenscraft company profile website. The data 
includes: 

Table 1. Questionnaire rating data 
No Age Residenti

al area 
rating about 
responsiveness and 
ease of navigating the 
web 

Stay safe 22 Bekasi 5 4 4 5 4 
Ibn 22 Bekasi 4 3 4 4 4 
English: 
Anggiet 
Harjo 
Baskoro 

19 Jakarta 3 4 4 3 3 

Adzra 
Inas 
Shafira 

20 Depok 5 4 5 5 5 

English: 
Hendrawa
n Sito 
Lukmana 

19 Sragen 4 3 4 4 5 

Achmad 
Fauzie Tri 
Kurniawa
n 

28 Jakarta 4 4 5 4 4 

Medina 
Kamelia 

13 South 
Jakarta 

4 4 4 3 4 

Bagasse 25 Bekasi 5 5 5 5 5 
Alif 
Mahesha 

21 Bekasi 5 5 5 5 5 

Azhar 
Maulana 
Abdillah 

20 Bekasi 5 5 5 5 5 

Zita 
Fauziah 

2 Bekasi 4 4 3 4 4 

Afif 
Khairul 
Umam 

21 Bekasi 4 3 4 5 3 

Abdul 
Aziz 

26 Tangeran
g 

2 2 2 2 2 

Muhamm
ad Fadhil 
Musyaffa 

21 Depok 4 4 4 3 4 

Princess 
Alifvia 
Sugianto 

20 Bekasi 5 5 5 5 5 

Love 
Faeruziani 

21 East 
Jakarta 

4 4 3 3 4 

fault 19 Bekasi 5 5 5 5 5 
The Star 
of the 
Empress 

20 Bekasi 4 4 3 4 4 

zya 19 Bekasi 4 4 4 4 4 
Vienta 
Andini 
Febriana 

21 East 
Jakarta 

5 4 5 5 5 

 
Table 2. Continuation of questionnaire rating data 

 
No rating regarding all the 

information that we have 
displayed on the website 

rating of the 
overall visual 
design of the 
website 

Stay safe 5 5 5 5 5 4 5 
Ibn 4 4 4 4 4 4 4 
English: 
Anggiet 
Harjo 
Baskoro 

4 4 3 3 4 4 4 

Adzra Inas 
Shafira 

4 4 3 5 3 5 4 

English: 
Hendrawan 
Sito 
Lukmana 

4 4 4 3 3 4 3 

Achmad 
Fauzie Tri 
Kurniawan 

4 4 4 4 4 4 4 

Medina 
Kamelia 

4 4 4 4 4 4 4 

Bagasse 5 5 5 5 5 5 5 
Alif 
Mahesha 

5 5 5 5 5 5 5 

Azhar 
Maulana 
Abdillah 

5 5 5 5 5 5 5 

Zita 
Fauziah 

5 4 4 5 5 5 4 

Afif 
Khairul 
Umam 

5 4 3 4 4 3 5 

Abdul Aziz 3 3 2 2 3 3 2 
Muhamma
d Fadhil 
Musyaffa 

3 4 4 3 3 4 4 

Princess 
Alifvia 
Sugianto 

5 5 5 5 4 5 5 

Love 
Faeruziani 

4 4 4 3 3 4 4 

fault 5 5 5 5 4 4 5 
The Star of 
the 
Empress 

4 4 3 4 4 4 4 

zya 4 4 4 4 4 4 4 
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Vienta 
Andini 
Febriana 

5 5 5 5 5 5 5 

 
 
From the data above, there are also several comments given 
by respondents, such as: 

● The design is considered too quiet 
● The gallery is too monotonous 
● Coloring that is less cohesive with the 

photographic context 
 
To see everything more clearly, you can access the forms 
we have created by using:  

⮚  https://forms.gle/gdu6RoaEhRS3qoCN9 

 
 
Based on the problems above we redesign the website using 
design thinking phases such as : 
 

1. Empathize 
At this stage will focus on users where they need 
professional documentation services with many 
choices and support customization according to 
their wishes. The problem comes in the layout and 
coloring of the website. 

 
2. Define 

The problems that arise in the empathize stage 
divide several categories of users into several 
parts, as follows: 

a. Ordinary users who are aged 13-28 and 
male or female. They think that the 
design is good but the coloring and 
layout are still lacking. 

 
3. Ideate 

After each problem from the above categories has 
been defined, the solution is as follows: 

a. Create a company profile website that 
has a layout and colors that people in the 
18-40 age range like. 

 
4. Prototype 

Based on the previous 3 stages, the design before 
and after the upgrade is as follows: 
 

 

 

 

 
Fig 7. Front page (before). 

 



JISA (Jurnal Informatika dan Sains)   e-ISSN: 2614-8404 
 Vol. 08, No. 01, June 2025   p-ISSN: 2776-3234   
  
  
   

JISA (Jurnal Informatika dan Sains) (e-ISSN: 2614-8404) is published by Program Studi Teknik Informatika, Universitas Trilogi 
under Creative Commons Attribution-ShareAlike 4.0 International License. 
 

  103 
 

 
Fig 8. Front page (after). 

 
The front page has been redesigned with coloring and 
design that adapts to customer desires and a neater 
arrangement of elements. 

 

 

 
Fig 9. About page (before). 

 
 

  

 

 
Fig 10. About page (after). 

 
The about section is the same as the front page section 
where the design of both the layout and coloring are 
improved as well as the presentation of several 
explanations to reduce the level of boredom in users in 
order to create a longer interaction duration. 
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Fig 11. Tips And Tricks page (before). 

 

 

  

  
Fig 12. Tips And Tricks page (after). 

 
Tips and tricks are one of the parts that are highlighted for 
improvement, this makes users want to learn a lot through 
the Ethereal Lenscraft company profile. Therefore, the 

design that was previously offered was improved to be 
more friendly to read for a long time and does not make 
people dizzy because of the contrast of the writing with the 
previous background. 
 

 
Fig 13. Gallery page (before). 
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Fig 14. Gallery page (after). 

 
The gallery page also gets a spotlight which makes the 
arrangement of the displayed photos larger so that users can 
enjoy them better. 
 

 
Fig 15. Booking page (before). 

 

  

 

 
Fig16. Booking page (after). 

 
The last figure 16 is the booking page where more or less 
at least 1 respondent focused on the price that will be 
offered, but because the improvement focuses on the part 
that is often glanced at, the booking section has not changed 
much, but it is hoped that there will be a similar 
improvement after some time. 
 
The design above has adjusted to the respondents' requests 
and is considered better than the previous design. With this, 
the improvement of the UI/UX design on the Etherreal 
Lenscraft company profile website is declared complete 
because it has been accepted by the respondents. 

IV CONCLUSION 
In designing UI/UX design for a website, using the design 
thinking method is one way to ensure that the UI/UX design 
has good quality and has an attractive appearance and can 
help users when using the photography service reservation 
application. 
 
By designing a Company Profile media website that has an 
attractive value, enhances our company image, namely 
Ethereal Lenscraft, and can also support promotional 
programs that are able to display the company's image, and 
have aspects of appearance, image and structured visual 
elements. By providing a touch of the characteristics of our 
company, for example the company's color identity, 
company logo, company motto and so on, it can create an 
information and promotional media that is in accordance 
with the company's image. 
 
And with the results that have been listed previously, 
hopefully it can be a consideration for improving UI and 
UX for the Ethereal Lenscraft company profile. 
Respondents from this research are used as a reference for 
improving UI/UX in the future. 
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Abstract − Unload Repair is a PC repair service that can solve problems with computers or laptops. However, the current problem is 
that marketing through social media tends to be a little bit about information about service services, making it difficult for customers 
to receive the information. This study aims to create a User Interface (UI) and User Experience (UX) design that can make it easier for 
customers to see what services are provided by Unload Repair and help customers in ordering repair services using the Design Thinking 
method. Design Thinking is a method that involves users in every stage of design, starting from a deep understanding of their needs, 
to producing a prototype that can be tested to measure the effectiveness of the design. Design thinking includes the Empathize, Define, 
Ideate, Prototype and Testing stages. The Design Thinking method used is to create solutions based on problems in order to create 
designs that are easy to use and understand for users. The design was tested using Usability testing on 50 respondents, thus it was 
concluded that the UI/UX design on the Unload Repair website in the city of Jakarta can be used easily by users and has a positive 
experience based on the results of the respondents obtained and gets good satisfaction from Unload Repair website users. 
 
Keywords – User Interface, User Experience, Website, Design Thinking. 

 
Repair may have difficulty reaching target consumers

I. INTRODUCTION 
Technological progress continues to grow rapidly, with 

more and more tools available to people in the era of 
globalization. Businesses and industries related to personal 
and social welfare are growing due to technological 
progress. One of the most effective components of new 
development is information technology, which allows 
individuals to access various services provided by 
technology. With technological progress and the increasing 
need for information, the internet has experienced 
significant growth [1], [2] . 

Website ownership has become a necessity for business 
people and companies in this digital era. Websites function 
as internet technology that can be used to promote product 
and service sales and convey information online[3],[4],[5]. 
The importance of building a strong identity that can support 
the existence of the company to ensure its continuity. 
Therefore, a media profile is needed as an identification and 
a way to introduce the company itself. A company profile is 
one type of media profile that most businesses have [6],[7], 
without a company profile website, Unload Repair will face 
several significant challenges. The company's ability to 
contact potential customers and build trust may be hampered 
by a lack of web visibility. Important information such as 
types of services, prices, client testimonials, and contact 
information will be difficult to obtain, hindering the 
decision-making process of potential customers. In addition, 
the difficulty of building business networks with potential 
partners and the lack of brand recognition may be significant 
obstacles. Unload 

such as students and office workers who are digitally 
active if they do not have a strong web presence. All of 
this can stimulate the growth of the company and reduce 
the company's capacity to operate in a competitive market. 

Design Thinking is an approach that can solve various 
difficulties, such as making it easier for consumers to use 
prototypes or creating a positive user 
experience[8],[9],[10],[11]. Based on the problems 
identified in Unload Repair, it can be concluded that it is 
necessary to design the UI/UX of the Unload Repair 
Company Profile Website to make it easier for clients to 
find out more about the services and information offered 
by Unload Repair.. 

 
II. RESEARCH METHODOLOGY 

 

Fig 1 Design Thinking Process 
 

Design thinking is a creative approach used to solve 
problems and create innovative solutions. This method 
focuses on deeply understanding the end user, creating 
new ideas, and testing those ideas to produce solutions that 
meet the user's needs[12],[13],[14].
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The Design Thinking method is very suitable for use in the 
development stage of the Company Profile Unload Repair 
website because design thinking is very flexible to use in 
the design stage of this website. This stage will determine 
what is needed by the Company Profile Unload Repair 
website and adjust user needs well so as to minimize errors 
that occur during prototyping. 

 
The Design Thinking approach method consists of five 
stages, namely Empathize, Define, Ideate, Prototype, and 
Test.[15] 

A. Empathize 
The design thinking method emphasizes human 
values as users as its focus. The Empathize stage, 
which is the foundation of design thinking, aims to 
identify problems and understand the needs of 
users and related target audiences. Empathize 
means understanding and sharing the feelings of 
the people involved to uncover the core of the 
problem and the needs they desire. The results of 
the Empathize process are data that is then used as 
a basis for formulating problem statements 
obtained through direct surveys to related parties. 

B. Define 
After understanding user needs, the define stage is 
the next step where designers develop ideas that 
form the basis of the product. This stage includes 
writing a list of user needs. Here, data from 
interviews is processed into statements using the 
HMW (How Might We) method. The HMW 
approach is used to formulate the core of the 
problem into a clear statement. The results of this 
define process will be a guide in building a system 
according to user needs. 

C. Ideate 
In this phase, the designer conducts an evaluation 
through a brainstorming process that will form the 
basic framework of the system. Collaboration of 
ideas with the team will produce solutions. The 
ideas collected will be represented in the form of 
user flow and site map to visualize the application 
usage pattern. 

D. Prototype 
Prototype is a stage in the development process 
that produces a visualization of the product and 
allows developers and consumers to be involved 
before the product becomes a final system. This is 
a prototype of the design that will be used to test 
the product. This prototype is then transformed 
into a visual representation for use in the testing 
phase. 

E. Test 
This step is a test of the prototype to determine the 
level of user satisfaction. 

Testing provides a greater opportunity to 
understand user needs, thereby accelerating the 
improvement process according to their needs. 
 
III. RESULT AND   DISCUSSION 

This research is conducted in accordance with 
the stages of Design Thinking, applying the method 
to produce appropriate results from the Company 
Profile Unload Repair website research for Laptop 
or Computer Service. The following are the stages 
carried out in the design thinking method in the 
Company Profile Unload Repair Website research: 

1. Proses Empathize  
The first step in designing a company profile 

website for Unload Repair laptop service is to 
understand the needs and expectations of 
customers regarding the services offered. The 
author conducted an analysis involving concerns 
encountered by students, school children, and 
office workers regarding prices and offers that are 
not in line with laptop service services, as well as 
their difficulties in finding websites about laptop 
services. As an adjustment, Unload Repair realizes 
that laptop service customers also want clarity 
regarding repair prices, as well as ease in viewing 
complete information through an attractive website 
so that customers can easily find out what services 
are provided, and also customers can easily contact 
Customer Service from the Unload Repair Team. 

Therefore, Unload Repair is committed to 
understanding and meeting customer needs. 
Through the company profile website, Unload 
Repair will provide transparent information 
regarding what services are provided, contact 
customer service, and provide service offers that 
suit the needs of users, such as fast repair services 
or affordable repair service options, and users can 
also contact the unload repair admin easily. 

 
Table 1. Information Collection on Concerns 

 
 
 

2. Define 
After "empathize", the next step is "define". At this 

stage, the main goal is to determine more specific problems 
and determine user needs. Based on the concerns found at 
the empathize stage, several user needs can be identified as 
follows: 

Table 2. User Requirement List 
No. User Requirements List 
1. The Need for Easy Access to Information 

No List of Concerns 
1 Limited Access to Information. 

2 The Difficulty of Building a Business 
Network 

3 Lack of trust in relatively expensive 
laptop service. 
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2. The Need to Build Trust and Brand 
Recognition 

3. The Need to Reach Digital Consumers 
4. The Need to Build a Business Network 
5. The Need for Online Visibility 

 
3. Ideate 

In this study, the Ideate stage, where solution ideas are 
presented through the design team's assessment and the 
creativity of each application designer, is realized in images 
using a low-fidelity design framework as an initial step to 
facilitate the layout creation process for Android-based 
mobile applications. To avoid significant changes, this design 
mockup was tested with partners before the final layout design 
stage. 

 
Fig 2. Design Low Fidelity Website Unload Repair 

Figure 1 shows a low fidelity design or early prototype of an 
Unload Repair company profile website. This design consists 
of several pages that can be accessed by application users. 
Here is an explanation of each page in the design: 

1. Home: is the initial display on the Unload Repair 
website that will appear when users access the website 
for the first time. On this page, the slogan of an Unload 
Repair website will appear. 

2. Service: is a display where Unload Repair provides 
what services it does. In this display, it will display an 
explanation of services such as Thermal Paste 
replacement, Operating System Installation, etc. 

3. Portfolio: is a display where what services have been 
done by the service provider, namely Unload Repair. In 
this display, the services that have been done will be 
displayed in the form of documentation and 
explanations of the images. 

4. About: is a display that contains explanations about 
Unload Repair. What is Unload Repair, when was it 
formed, and what services does it provide. 

5. Team: is a display that contains the team members 
working on the Unload Repair, as well as the job 
descriptions of its members. 

6. Contact: is a display that contains a message form. This 
display functions if there are customers who want to 
require Unload Repair services. 

Before proceeding with development, a low-fidelity design or 
early prototype is usually used to assess and test the basic 
features of the application. In the next stage of development, 
this design can be changed or adjusted according to user 
feedback and needs. 

4. Prototype 
Prototype process is the process of implementing 

previously created idea into an application that can be 
tested. This stage produces a scenario of how the 
application is used. The image below is the result of the 
prototype design that was created in the previous idea. 

 

 
Fig 3. High Fidelity UI/UX Design Results for 

Unload Repair Website 
 
The process of the Company Profile Unload Repair 
Website is as follows: 

1. The “Home” display is the “initial” display that 
will first appear when a user opens the Unload 
Repair website. 

2. The “Service” display is a display that shows 
what services are provided by Unload Repair, so 
that customers can immediately find out what 
services can be done by the Unload Repair 
Team. 

3. The “Portfolio” display is a display that shows 
the results of work that has been done by the 
Unload Repair team, so that in this display 
customers can be confident when they want to 
order services from the Unload Repair 
Company. 

4. The “About” display is a display that tells the 
history of the establishment of the Unload 
Repair company, so that prospective customers 
can find out the background of the Unload 
Repair Company. 

5. The “Team” view is a view that provides team 
information from Unload Repair. 

6. The “Contact” display is a display that is 
intended for prospective customers if they are 
sure to order services from the Company Unload 
Repair. There is a text field that they can fill in 
to make an order, after they have made an order, 
the admin from Unload repair will reconfirm to 
the Customer. 

5. Testing 
The testing component is part of the system testing 

process, which focuses on testing the application interface 
components. The results show that each element and menu 
button function according to its purpose. The SUS (System 
Usability Scale) method is used to test the Unload Repair 
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Website to assess the level of user satisfaction and ease of 
use. The score from the questionnaire is used to assess the 
ease of use of the website according to user perception. The 
results of the questionnaire are used to determine how easy 
it is to use the system or application. The SUS method can 
be used to assess the design thinking of the Unload Repair 
website and find out how users rate its ease of use. The 
following table contains details of the SUS method 
questions: 

Table 3. SUS Questions 

No. Question 
1. Do you know what this website is for? 
2.  Do you like the design of the main page? 

 
The next system testing process in Unload Repair is 

carried out through the use of the UEQ (User Experience 
Questionnaire) method in gform. The main focus of testing 
is on Component testing, which aims to examine the 
components in the system, especially in terms of the 
interface. 

Testing using the UEQ method aims to assess the 
overall user experience related to the functionality of the 
interface that has been created. From the results of this test, 
it can be concluded that all menu components and buttons in 
the application successfully direct users to the right page and 
operate according to their functions. For EUQ method 
questions can be seen in the table below: 

 
Table 4. UEQ Method Questionnaire 

No. Question 
1.  

 
2.  

 
3. 

 
4. 

 
Table 2 List of UEQ Questions 

The questionnaire consisted of 20 respondents with 30% 
aged 19 years, 35% aged 20 years, 15% aged 21 years, and 
20% aged over 21 years. So the results for each aspect of 
UEQ are Attraction 1.375 clarity 1.552, efficiency 1.354, 
accuracy 1.377, stimulation 1.346, and authenticity 0.8555. 

 
IV. CONCLUSION 

This study found that the Unload Repair website, which was 

created using the Design Thinking method and evaluated 
using the SUS and UEQ methods, successfully passed the 
trial stage with positive results. By using an online 
questionnaire, satisfactory results were found. From these 
results, it is recommended to continue the development to 
improve the UEQ score on the novelty aspect and pay further 
attention to security and different appearances in website 
creation. In addition, it is necessary to expand the scope of 
the test to include more diverse respondents such as from 
more specific groups and from various ages. 
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