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Abstract

The Sundanese script is a writing system used in the Sundanese language, one of the regional languages of West Java, Indonesia. This
study investigates the use of the YOLO v8 algorithm for the real-time video detection of Sundanese script. VVarious versions of YOLO v8,
including YOLO v8n, v8s, v8m, v8l, and v8x, were tested to determine the most effective model. After a comprehensive evaluation
involving the analysis of mean Average Precision (mAP), F1-Confidence, and precision, the study selected the YOLO v8s model as the
primary detection method. YOLO v8s demonstrated superior performance with the highest mAP of 98.835%, an F1-Confidence of 98%,
and a precision of 76,2%. This choice was based on a balance between high accuracy and computational efficiency. The results indicate
significant potential for object recognition technology in the learning and preservation of Sundanese script.
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1. Introduction

In the continuously evolving era of information technology, the challenges of preserving culture become increasingly complex. Utilizing
technology is considered a crucial step in maintaining cultural sustainability. The use of technology in cultural preservation not only
facilitates accessibility to information but also opens new opportunities to explore and gain a deeper understanding of cultural values
Therefore, the integration of technology in preserving Sundanese script is viewed as a strategic move to ensure the continuity of ancestral
heritage. Sundanese script is a form of writing originating from the Sundanese region, representing a letter system used in the past.
Sundanese script can be divided into two forms: standard Sundanese script and ancient Sundanese script. Standard Sundanese script is an
adapted and modified form based on ancient Sundanese script. However, due to the changing times and a lack of efforts in preserving
cultural heritage, many members of the Sundanese community, if not the majority, no longer recognize or are aware of Sundanese script.
Sundanese script plays a crucial role in reflecting the cultural identity of the Sundanese community. Nevertheless, the existence of
Sundanese script is often overlooked in the context of modern information technology. The importance of preserving Sundanese script
arises from the fact that the neglect of this language and writing can lead to the erasure of historical traces and a decline in understanding
local culture. Therefore, this research aims to explore the issues surrounding the significance of Sundanese script and highlights the urgency
of developing solutions capable of preserving the authenticity and meaning of this writing. As a solution to the challenges of preserving
Sundanese script, this research opts for the utilization of the YOLO algorithm. YOLO, which stands for You Only Look Once, is an object
detection algorithm known for its advantages in speed and accuracy. By implementing YOLO v8 in Sundanese script detection, it is
anticipated to offer an effective solution for identifying and reconstructing script characters precisely and efficiently. The choice of YOLO
as the primary approach also carries the expectation of supporting the use of cutting-edge technology in cultural preservation.

2. Research Method

This research seeks to create an application with the capability to recognize handwritten Sundanese script. To achieve this objective, a
specific methodology is necessary, and the chosen approach for this study relies on the YOLO algorithm. Specifically, YOLO V8 is
employed to achieve a satisfactory level of accuracy. The SEMMA method is utilized as a clear and easily understandable guide in data
mining projects. Notably, within the model-building process, SEMMA's primary advantage is its centralized focus on model development,
contributing to a more structured model creation process.
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Fig. 1: SEMMA Methodology
2.1. Sample

The dataset was obtained from the GitHub repository “alfiarcm/aksara-sunda," consisting of 3,678 images and 4 CSV files containing
labels in an unknown format. All images in each file consist of 30 types of Sundanese script characters.

2.2. Explore

In this stage, information about the acquired dataset is researched, a plan for modeling using YOLO is created, and the images
are divided into 30 classes. Subsequently, each class is filtered to consist of 101 images, resulting in a total of 3,033 images.

2.3. Modify

From the prepared 3,033 images, labeling is performed using Roboflow for the YOLO V8 format. After labeling, the dataset is split as
shown in the table below:
Table 1: Split Dataset

Split dataset Percentage (%) Total Images
Train 70 2,123
Validation 20 607
Test 10 303

2.4. Model

Following the implementation of the YOLO V8 model for the processed dataset, a comprehensive evaluation is conducted by performing
experiments with various versions of YOLO v8, namely yolov8n, yolov8m, yolov8l, yolov8n, and yolov8x. The subsequent step involves
a thorough comparison between these models based on several crucial metrics, including time hours, mean Average Precision (mAP),
precision, and F1-score. The assessment aims to provide a comprehensive understanding of each model's performance across different
aspects. Time hours are considered to gauge the efficiency of each version in terms of computational speed and resource utilization. mAP
serves as a measure of the models' accuracy in object detection, while precision and F1-score offer insights into the models' ability to make
correct positive predictions and achieve a balance between precision and recall.By meticulously comparing these metrics, a thorough
analysis will be conducted to determine which YOLO v8 version performs optimally for the specific task of Sundanese script recognition.
This comparative analysis will guide the decision-making process, allowing for the selection of the most suitable YOLO v8 model based
on the specified evaluation criteria.

2.4. Asses

Assessment of the data is performed after creating the YOLO model to measure its performance. Evaluation includes several
important metrics such as accuracy, precision, recall, F1-score, and mAP (mean Average Precision).

1. Precision: Indicates how accurate the model is in predicting positives.
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Recall: Measures the model's ability to detect true positives.

F1-score: Harmonic mean between precision and recall, providing a holistic view of the balance between the two.
4. mAP: Indicates how well the model can provide precision in recognizing and placing objects correctly across
different classes and confidence levels.

w

By assessing the model's performance using these metrics, one can understand how well YOLO can successfully detect
objects in the used dataset. The evaluation results guide adjustments or improvements to the model.

3. Results and Discussion

3.1. Data collection (Sample)

In this stage, data collection was carried out by obtaining images from the GitHub repository alfircsm/aksara-sunda, which contains 3678
Sundanese script images and 4 label files. The author extracted the images from the aforementioned GitHub repository. Subsequently,
folders were created for each unique value present in these images, corresponding to their respective letter types. The total number of
classes obtained was 30.

3.2. Data Description (Explore)
There were several images with names and characteristics that did not match the pre-determined classes. Therefore, a filtering process was

implemented to maximize the data quality. From the initial dataset of 3678 images, after the filtering process, the total dataset was reduced
to 3033 images with a total of 30 classes. The following table represents the classes of each dataset.
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Fig. 2: Sunda Script
3.3. Modification of Data (Modify)

This process was carried out through the Roboflow platform and applied to all previously processed images. Each image was assigned a
single label to determine the object's position. This step is crucial to enable YOLO v8 to identify the classes it needs to detect. It serves as
a prerequisite before progressing to the next stage, which is the modeling phase.

3.4.1. Data Preprocessing

In the next stage, preprocessing is carried out, where the image data obtained earlier is transformed to meet the requirements for
implementation in YOLOVS. Several adjustments are applied to prepare the data for optimal utilization in YOLOV8. The following are
some of the applied processes:

1. Auto-Orient
When capturing an image, it may contain metadata that specifies the orientation to be displayed relative to how pixels are arranged
on the disk. This instruction accelerates image encoding at the time of capture, allowing the camera to efficiently sample data
from its sensor without unwanted artifacts. This means that most cameras store exactly the same pixel data, whether the camera
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is oriented in landscape or portrait mode. The camera only flips slightly to signal to the viewer whether to display the pixels as
they are or rotate them 90 or 180 degrees when displaying the image.

2. Resize stretch to 640x640
The term "resize" refers to adjusting the dimensions of an image according to the requirements, and it can be done to
accommodate the location of annotations or labels on the image, eliminating the need for re-labeling. On the other hand, "stretch
to" in this context means stretching the image to pixel dimensions specified for the study, which is 640x640. This involves
stretching or resizing the image to reach these pixel dimensions.

3.4. Data Modeling (Model)
In this stage, the YOLOVS architecture will be implemented to create a model for object detection. The goal is to determine the best model

based on processing speed and accuracy. Below is a table listing the YOLO models used for object detection with the Open Image v7
dataset:

Table 2: YOLO v8 Types

Model Size (pixels) MAPval 50-95 g,ﬂeﬁic(ng) Teiggi(lj?gp(tr:\s) Params (M)
YOLO v8n 640 18.4 142.4 1.21 35
YOLO v8s 640 27.7 183.1 14 114
YOLO v8m 640 33.6 408.5 2.26 26.2
YOLO vsl 640 34.9 596.9 2.43 441
YOLO v8x 640 36.3 860.6 3.56 68.7

All these models will undergo testing to determine the best-performing model by identifying the highest mAP value, considering the number of epochs that
will be adjusted based on the GPU memory capacity on Google Colab, which is 77.1 GB. Afterward, the chosen model will be saved in the h5 format for
later use in a web application that can access the device's camera to detect Sundanese scripts.

YOLOV8 comes in five scale versions: YOLOv8n (hano), YOLOV8s (small), YOLOv8m (medium), YOLOV8I (large), and YOLOv8Xx (extra-large). These
versions vary in terms of model size and complexity. This research utilizes all YOLOv8 models, and the selection will be based on the highest precision,
recall, and mAP50 values with the hyperparameter configuration being an input size of 640 x 640, 15 epochs, and a batch size of 8. The model configurations
are described in the following table.

Table 3: Model Configuration

Configuration Value
Size 640x640
epoch 15
batch 8
workers 42
seed 4

3.4.1. Result Model

Results from all models that have undergone the training stages, with selected parameters such as F1-Score, Confidence, Precision, Recall,
mAP 50, and Total Time (in hours):

Table 4: Results for Each YOLOv8 Model Type

Model F1-Confidence precision recall mAP 50 | Total Time (in hours)
YOLO v8n 0.97 0.769 0.96933 0.9746 0.98547 0.233
YOLO v8s 0.98 0.762 0.98088 0.98172  0.98835 0.245
YOLOv8m  0.98 0.803 0.97958 0.9776  0.98753 0.362
YOLO vsl 0.97 0.794 0.97909 0.96822  0.98606 0.549
YOLOv8x  0.98 0.777 0.98212 0.97508  0.98916 0.886

The graph displaying F1-Confidence scores for all models is as follows.
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Fig. 3: Graph for F1-Condifence Score each YOLO v8 model type

3.1. Evaluation (Assess)

In this study, we conducted a comprehensive evaluation of various versions of the YOLOv8 model designed for Sundanese script detection.
These models include YOLOvV8n, YOLOvV8s, YOLOv8m, YOLOVSI, and YOLOV8X, each with distinct characteristics and complexities.
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The evaluation focused on key metrics such as F1-Confidence, precision, recall, and mAP (mean Average Precision), aiming to determine
the most effective model in recognizing and classifying Sundanese scripts with high accuracy.
The evaluation results indicate that each model exhibits strengths in various aspects. Overall, the YOLOv8 models demonstrate outstanding
capabilities in detecting Sundanese scripts, with high mAP values signifying excellent accuracy.
e YOLOVS8N: As the lightest model, it achieves an F1-Confidence of 0.97, precision of 0.769, and the highest mAP value
of 0.98547.
e YOLOv8s: Showing improvement, it achieves an F1-Confidence of 0.98, precision of 0.762, and the highest mAP of
0.98835.
e YOLOvV8m: Records an F1-Confidence of 0.98, precision of 0.803, and the highest mAP of 0.98753.
e YOLOVSI: Offers an F1-Confidence of 0.97, precision of 0.794, and the highest mAP of 0.98606.
e YOLOvV8x: The largest and most complex version attains an F1-Confidence of 0.98, precision of 0.777, and the highest
mAP of 0.98916.

ased on a comprehensive evaluation of various YOLOv8 model versions in Sundanese script detection, the researchers decide to use the
YOLOv8s model as the selected model. This decision is grounded in the balance between accuracy, processing speed, and resource usage.
Although the YOLOv8x model shows slightly higher mAP, YOLOV8s offers nearly equivalent performance with more efficient resource
utilization.

3.5. Testing stage
3.5.1. Image-Based Testing

Testing through images was conducted by utilizing six types of Sundanese scripts in each test, repeated three times through the Roboflow
website.
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Figure 4: Result for Image-Based Testing

3.5.1. Video-Based Testing

This testing was carried out through the Roboflow website. The video was captured using the research device and utilized the same images
as those used in the image-based testing.
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Figure 5: Result for Video-based Testing

4. Conclusion

Concluding our investigation, the focal point of this study was the implementation of the YOLOVv8s model for the real-time detection of
Sundanese scripts in video streams. The results of our evaluation underscore the exceptional proficiency exhibited by the YOLOv8s model,
boasting an impressive mean Average Precision (mAP) score of 98.83%. This outstanding level of accuracy highlights the model's
effectiveness in real-time object detection, specifically tailored for Sundanese scripts. With a robust performance, including an F1-
Confidence of 98% and a precision rate of 76.2%, the model underscores its reliability in precisely and efficiently identifying Sundanese
scripts. These findings not only emphasize the practical significance of the YOLOv8s model in real-world applications but also contribute
valuable insights to the field of Sundanese script detection in dynamic video environments.
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