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Abstract

This research develops an Optical Character Recognition (OCR) application to recognize and translate Arabic-
Malay script, widely used in Bengkalis and surrounding regions. The application is designed to facilitate learning
and interaction with the script through features for text recognition and translation. To enhance OCR accuracy,
advanced image preprocessing techniques and a comprehensive training dataset were employed. Testing under
various lighting conditions showed an average recognition accuracy of 25%. Performance was optimal under well-
lit conditions, achieving 100% accuracy at 1639 lux, but accuracy significantly declined in low-light environments,
particularly at 3.5 lux, where it dropped to 0%. While this result demonstrated the system’s potential, a comparison
with similar OCR systems indicates significant room for improvement, particularly in recognizing complex or
handwritten Arabic-Malay characters. The results highlight challenges related to lighting conditions, including
variations in light sources and angles, which greatly affect recognition accuracy. Indeed, future work should focus
on expanding the training dataset with diverse samples, refining preprocessing techniques such as automatic
brightness adjustment, and implementing advanced machine learning models like Convolutional Neural Networks
(CNNSs). This application holds significant potential for practical uses in education, translation services, and local
communication, contributing to preserving and promoting the Arabic-Malay script as part of cultural heritage in
the modern era.
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I. INTRODUCTION

The Arabic-Malay script, also known as Jawi, is derived from the Arabic script and has been adapted to
accommodate the phonetic needs of the Malay language. This adaptation involves the integration of the Arabic
alphabet with modifications, including the addition of five unique characters specific to the Malay community
[1]1, [2], [3]- The script, which comprises 29 letters from “alif” to “ya,” began to flourish with the arrival of Islamic
culture in the Malay Archipelago, particularly during the reign of the Samudra Pasai Kingdom and the Malacca
Sultanate. Historically, Jawi served as a primary medium for communication, education, and governance in
Malay-speaking regions. In Riau Province, especially in Bengkalis, the Arabic-Malay script was once integral to
the school curriculum from elementary to secondary levels. However, the introduction of the 2013 national
curriculum led to its removal from most schools, leaving only a few institutions to continue its teaching. This shift
has created significant barriers for younger generations, particularly elementary school students, who now lack
exposure to the script in formal education [4], [5].

Recognizing the importance of Jawi as a cultural heritage, the Riau Provincial Government introduced
Regulation No. 46 of 2018, mandating its use in various public settings, such as road signs, government offices,
and official documents [6], [7]. Despite these efforts, the familiarity and proficiency of the younger generation
with Jawi remain limited, posing a substantial challenge to its preservation. To address this issue, advancements
in technology offer practical solutions. Android-based Optical Character Recognition (OCR) technology provides
a means of recognizing and digitizing Jawi text from images, enabling users to interact with the script in real time.
This innovation not only simplifies access to Arabic-Malay script but also serves as a more efficient alternative
to traditional dictionaries and digital translators, which are often time-consuming and limited in their capabilities
[8]. By leveraging technology, the Arabic-Malay script can be reintroduced to a wider audience, ensuring its
relevance and survival in modern contexts.

The Arabic-Malay recognition application developed in this research is equipped with a learning module
that includes several key features. The learning module begins with a general introduction to the Arabic-Malay
script, followed by an introduction to the letters, each accompanied by example words. Additionally, a writing
feature allows users to follow displayed words on the screen through an image. Users can write the words by
tracing them with their fingers directly on the device screen. The application is also integrated with educational
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videos through YouTube, offering further guidance on learning the Arabic-Malay script, thereby simplifying the
learning process.

Several studies have focused on similar OCR-based systems, such as the research conducted by [9], [10],
[11], which addresses the challenges of processing and scanning physical documents, particularly in situations
where documents are lost or damaged. This study shows the potential of OCR technology for improving document
processing efficiency. Similarly, [12], [13], [14] explored the use of Augmented Reality (AR) for introducing the
Arabic-Malay script, providing an innovative approach to learning, although it does not utilize OCR technology.
Furthermore, [15], [16], [17] developed an image-to-text translator using OCR to address language barriers for
tourists in Indonesia. However, none of these studies specifically addresses the integration of OCR technology for
the Arabic-Malay script. This gap in research presents an opportunity for the current study, which combines OCR-
based text recognition with interactive learning features and multimedia support to facilitate the learning of
Arabic-Malay script and its preservation. Therefore, this research aims to develop an Android-based OCR
application that can function as both an introduction to Arabic-Malay script and a flexible learning tool accessible
anytime. This application is expected to contribute to the preservation of the Arabic-Malay script, particularly in
Bengkalis, by utilizing modern and user-friendly technology. Through this application, it is expected that younger
generations can easily recognize and learn the Arabic-Malay script without relying on formal educational media.

I1.METHOD

This research focused on developing an Optical Character Recognition (OCR) system for recognizing
Arabic-Malay script. The data used in this study consisted of various images of Arabic-Malay script, which were
collected from Malay cultural institutions and documents. The dataset included a variety of text styles and
character shapes to ensure the system could recognize different forms of Arabic-Malay script. The images were
preprocessed to remove noise, enhance contrast, and improve the clarity of the characters, making them more
suitable for accurate OCR processing. Preprocessing techniques such as binarization (conversion to black-and-
white) and segmentation were applied to isolate individual characters for recognition.

The tools used in this research included both hardware and software components. The hardware included
a laptop with an Intel Core i7 processor, 8GB RAM, and a 273GB SSD, along with an external camera for
capturing images of Arabic-Malay text. The software used for development included Windows 10 Pro as the
operating system, Dart for programming the Android application, and Android Studio for building and testing the
app. Flutter was employed as the cross-platform framework for mobile development, while TensorFlow Lite was
used for running the machine learning models in the application. Visual Studio Code served as the code editor for
the project.

The development of the OCR system followed the Prototype Method, which was iterative and allowed
for continuous user feedback. The process began with the gathering of system requirements through interviews
with experts in Malay culture and the analysis of Arabic-Malay documents. This information helped to define the
key features of the application. A quick design prototype was then created, focusing on the primary functions of
image input, text recognition, and translation. The initial prototype was tested with users who provided feedback
on its usability and accuracy. Based on their feedback, refinements were made to the OCR model and the user
interface. The final prototype was developed to handle a wide range of text styles and varying lighting conditions,
improving its overall accuracy and usability.

The OCR system was developed using Teachable Machine, which incorporated Convolutional Neural
Networks (CNNs) for pattern recognition and produced models in TensorFlow Lite (TFLite) format for
deployment. The process began with dataset preparation and preprocessing, including noise reduction,
binarization, and character segmentation, ensuring that the images were optimized for training. Feature extraction
and model training were conducted by using the Teachable Machine platform to leverage CNNs to identify unique
patterns in Arabic-Malay characters. Once trained, the model was exported in TFLite format and integrated into
the Android application, enabling efficient and real-time text recognition on mobile devices.

The system architecture included several key components, from image input to text recognition and
translation. Users could capture or upload images containing Arabic-Malay script, which the system processed in
real-time [18], [19]. The system is optimized to handle various types of text inputs and ensure fast, accurate
recognition. The mobile application also offered features such as text recognition, where users can capture or
upload images of Arabic-Malay script, and text translation, which instantly converts the recognized text into
Indonesian. Additionally, the app provided educational tools that allowed users to practice writing Arabic-Malay
characters and receive feedback on their progress, making it a valuable resource for both learners and general
users.
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Figure 1 System Architecture

Figure 1 illustrates the workflow of an image-to-text translation system. It begins with the pre-processing
of the dataset, where the data are organized and cleaned for optimal use in model training. Once pre-processed,
the dataset is used to train the model, enabling it to recognize and interpret features from images, such as Arabic-
Malay text. After the model is trained, it is implemented into the application, allowing the application to leverage
the model for real-time use. The user then inputs an image containing text that they wish to be translated. The
system proceeds to translate the input text using the trained model and then sends the translation results to the
processing stage for further refinement. Finally, the application displays the results to the user, completing the
image-to-text translation process.

I11. RESULTS AND DISCUSSION
A. Developing an Optical Character Recognition Application

The evaluation of the Optical Character Recognition (OCR) application for Arabic-Malay script
recognition was conducted through systematic and controlled testing under diverse lighting environments. The
main objective of these evaluations was to investigate how well the OCR system could maintain its accuracy when
exposed to variable lighting conditions, which are commonly encountered in real-world scenarios. The tests were
structured to simulate both optimal and suboptimal lighting situations, ranging from bright natural daylight to dim
artificial illumination. This approach ensured a comprehensive assessment of the application’s capacity to process
and recognize characters accurately, despite potential visual impairments caused by inconsistent lighting.

During the testing phase, the system’s performance was measured by examining its ability to correctly
identify and interpret individual Arabic-Malay characters. This included analyzing its recognition rate, the
frequency of errors, and its responsiveness to minor distortions in the script due to lighting glare or shadow
interference. Particular attention was given to diacritical marks and character shapes, which are crucial in Arabic-
Malay orthography and may be easily misread under poor lighting. The analysis revealed patterns in how lighting
affected recognition accuracy, with notable declines in precision when the script was captured under low or uneven
light sources. These results underscore the importance of optimal lighting for reliable OCR function.

The outcomes of these tests highlighted both the strengths and limitations of the OCR application. On
one hand, the system demonstrated strong accuracy in well-lit conditions, reliably interpreting standard script with
minimal errors. On the other hand, its performance decreased in dim or overly bright settings, indicating a need
for improved adaptability to environmental changes. This limitation suggests that while the OCR application is
highly effective under controlled conditions, further enhancements in image preprocessing and adaptive
thresholding may be necessary to improve its robustness. Overall, the evaluation emphasized the significance of
environmental variables in OCR technology and provided essential feedback for future development focused on
increasing its versatility in real-world use cases.
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Figure 2 Translate Text Page

Figure 2 illustrates a user-friendly interface designed specifically for text translation within the
application. The page is titled “Terjemah Teks” (Translate Text), clearly indicating its primary function. At the
top portion of the screen, users are presented with two intuitive options: a camera icon that allows them to directly
capture an image of the text they wish to translate, and an image icon that enables the selection of existing images
from the device’s gallery. These features offer flexibility and convenience, catering to both real-time translation
needs and pre-existing content. This dual-option setup is particularly useful for users who may encounter text in
different environments, whether needing to quickly translate signage, documents, or other visual information on
the go.

In the middle section of the interface, a central white box displays an image of Arabic text, demonstrating
the app’s ability to process non-Latin scripts. Just below this image, a text field reveals the translated result, which
in this case is the word “garam” (salt). This simple yet clear example highlights the effectiveness of the app’s
OCR (Optical Character Recognition) and translation capabilities. The streamlined layout ensures that users can
easily view both the source text and the resulting translation without confusion. By minimizing the number of
steps required and presenting the information in a clean, organized format, the interface enhances the overall user
experience, promoting ease of use, accessibility, and efficiency in multilingual communication.

B. Performance Under Lighting Conditions

Table 1 presents a detailed summary of the lighting test results aimed at evaluating the performance of
character recognition under a specific luminance level, namely 1639 lux. This table systematically documents the
outcomes of four separate image inputs, each containing a different word with varying lengths, to assess how
consistent lighting conditions influence the accuracy of Optical Character Recognition (OCR). The parameters
recorded for each test case include the luminance value, the image displayed, the word contained in the image,
the total number of characters in each word, and the number of characters correctly recognized by the system. The
words tested, “Duda,” “Gagah,” “Lapang,” and “Pekanbaru”, represent a range of character lengths, from short (4
characters) to longer words (9 characters), thereby providing a broader perspective on system accuracy across
word complexities. The results indicate that all characters in each word were correctly identified, suggesting that
the application performs with perfect accuracy under the highlighting level of 1639 lux. These findings imply that
sufficient and consistent lighting significantly enhances OCR reliability, and they serve as a baseline for
comparing performance under lower lighting conditions in subsequent tests.

Table 1 Lighting Test Table

No Luminance (Lux) Images Word Number of Characters Correct Character

1 1639 /395 Duda 4 4
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No Luminance (Lux) Images Word Number of Characters Correct Character
2 1639 AL Gagah 5 5
3 1639 R Lapang 6 6
slpilss
4 1639 Pekanbaru 9 9

Table 1 presents the results of a lighting test aimed at evaluating the effectiveness of an Optical Character
Recognition (OCR) system under a luminance level of 1639 lux. This luminance level represents a well-lit
environment, suitable for accurate visual processing by both human observers and automated recognition systems.
The table includes four sample words: “Duda,” “Gagah,” “Lapang,” and “Pekanbaru,” which vary in length from
4 to 9 characters. Each word was extracted from an image and processed by the OCR system to assess how
accurately the characters could be recognized. The data shows that, in all four cases, the number of correctly
recognized characters matches exactly the total number of characters in each word, indicating a 100% character
recognition rate across all tested samples. This consistency suggests that the OCR system functions with high
precision when exposed to optimal lighting conditions.

From a technical and analytical perspective, these results validate the hypothesis that higher luminance
levels contribute positively to OCR performance. The absence of recognition errors across varying word lengths
also implies that the system is not significantly affected by the complexity of input (in terms of character count)
under such lighting conditions. Moreover, the uniform success rate across different words demonstrates the
robustness and reliability of the application’s text recognition algorithm in well-illuminated settings. These
findings are critical for the development of translation or scanning applications where lighting can be a
determining factor in user satisfaction and output quality. The high accuracy achieved in this controlled
environment serves as a strong baseline for future comparative analysis involving lower luminance levels, where
recognition accuracy may decline and reveal the lighting thresholds of the OCR system’s operational
effectiveness.

Furthermore, Table 2 presents a comprehensive analysis of Optical Character Recognition (OCR)
accuracy across varying lighting levels, measured in lux, to assess the system’s performance under different
illumination conditions. The table includes six key metrics: the number of words tested, the number of words
correctly recognized, accuracy, precision, recall, and F1 score. Each lighting level, ranging from well-lit
conditions (1639 lux) to extremely low light (3.5 lux), was tested using four word samples to evaluate the OCR’s
effectiveness. The results demonstrate that the OCR system achieves perfect accuracy (100%) in high and
moderate lighting conditions (1639 lux and 485 lux), while its performance significantly declines under poor
lighting. At 180 lux, accuracy drops to 75%, and at 10 lux, it falls further to 50%, with corresponding decreases
in recall and F1 score. At the lowest illumination level of 3.5 lux, the system fails to recognize any words, resulting
in 0% across all performance metrics. This data clearly illustrates the critical role lighting plays in ensuring
optimal OCR functionality.

Table 2 Illustrates the Analysis of OCR Accuracy

Lighting Level  Number of Words Number of Words  Accuracy Precision Recall F1 Score

(Lux) Tested Correctly Recognized (%) (%) (%) (%)

1639 4 4 100 100 100 100
485 4 4 100 100 100 100
180 4 3 75 100 75 85,71
10 4 2 50 100 50 66,67
35 4 0 0 0 0 0
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The OCR system was tested under five lighting levels: 1639 lux (bright daylight), 485 lux (moderate
light), 180 lux (dim light), 10 lux (low light), and 3.5 lux (very low light). The results indicate that the system
performed optimally in bright lighting, achieving 100% accuracy at 1639 lux and 485 lux. However, performance
declined significantly as lighting worsened, with accuracy dropping to 50% at 10 lux and failing at 3.5 lux. This
demonstrates the critical role of adequate lighting in the OCR system’s ability to recognize characters accurately.
The results indicate that the system performed optimally in bright lighting, achieving 100% accuracy at 1639 lux
and 485 lux. However, performance declined significantly in low-light environments, with accuracy dropping to
50% at 10 lux and failing at 3.5 lux. This suggests that both the type of light (e.g., LED, fluorescent, or natural
light) and the angle of illumination significantly impact character recognition accuracy. Future implementations
should incorporate preprocessing techniques like automatic brightness adjustment or histogram equalization to
enhance the system’s robustness under challenging lighting conditions [20], [21].

C. Character Recognition Reliability

Table 3 presents a series of examples from the reliability testing conducted to evaluate the performance
of character recognition in Arabic-Malay text. This table is instrumental in assessing how accurately the system
can interpret and process Arabic-script words commonly used in the Malay language, which often include unique
diacritical marks and script features that pose challenges to OCR technology. Each row in the table lists an Arabic-
Malay word alongside the total number of characters it contains and the number of those characters that were
successfully recognized by the system. These data points serve to illustrate the consistency and robustness of the
OCR algorithm when applied to texts that are structurally and linguistically distinct from Latin-based scripts.

The table not only provides a quantitative perspective on the character recognition process but also
contributes to understanding the practical applicability of the OCR system in real-world contexts where Arabic-
Malay writing is commonly used, such as religious, educational, or cultural materials. By comparing the total
characters with the correctly identified ones for each word, researchers can identify patterns of strengths or
weaknesses in the system’s ability to detect particular script features. High recognition rates suggest system
reliability and suitability for deployment in Malay-speaking regions, while any inconsistencies or errors could
inform future improvements in image preprocessing, language modeling, or font training. Overall, Table 3
functions as an essential component in validating the OCR tool’s reliability for multilingual and non-Latin script
environments.

Table 3 Example Reliability Testing

No Image Word Total Character Correct Character

1 Lama 4 1

2 Duda 4 0
Teomole ol

3 Jalan 5 2

Table 4 presents a detailed analysis of Optical Character Recognition (OCR) accuracy derived from
reliability testing focused specifically on Arabic-Malay text. This table plays a critical role in evaluating the
system’s consistency and effectiveness in handling non-Latin scripts, particularly those incorporating Arabic
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characters used in Malay writing. For each test case, the table outlines the total number of characters present in
the original text and compares it to the number of characters accurately recognized by the OCR system. This
comparison allows for the calculation of an accuracy percentage, offering a quantifiable measure of the system’s
recognition reliability for each instance. The results in Table 4 provide valuable insights into how well the OCR
system can process varying levels of textual complexity and character count in Arabic-Malay scripts. High
accuracy percentages indicate strong performance and suitability for practical applications such as document
digitization, translation, or educational tools. Conversely, any notable drop in recognition accuracy highlights
specific challenges that may require algorithm refinement or additional training data. Overall, this table serves as
an important benchmark in validating the OCR system’s capability for Arabic-Malay text, informing future
improvements and ensuring its applicability across multilingual contexts where script diversity is a significant
factor.

Table 4 Analysis of OCR Accuracy Based on Reliability Testing

No Image Text Total Characters  Characters Recognized Correctly  Accuracy (%)
1 Lama 4 1 25
2 Duda 4 0 0
3 Jalan 5 2 40
4 Jalan Gatot Subroto 17 3 17.65
5 Bahasa 6 2 33.33
6 Negri Deli 9 2 22.22
7 Darma 5 1 20
8 Nama 4 2 50
9 Arab Melayu 10 3 30
10 Jawi 4 1 25

The reliability testing results indicate that the OCR system’s performance was inconsistent, achieving an
overall accuracy of 25% across ten tested images. This percentage represents the ratio of correctly recognized
characters to the total number of characters across all test samples. Specifically, out of 40 total characters in the
test images, only 10 characters were accurately recognized [22]. Variations in text length, character size, and input
quality significantly influenced the system’s ability to recognize characters correctly. Longer and more complex
texts, such as “Jalan Gatot Subroto,” exhibited lower recognition rates, while simpler texts, like “Nama,” showed
relatively higher accuracy. These findings suggest that the OCR system struggled to generalize across diverse
inputs and required improvements in training data diversity, preprocessing techniques, and recognition algorithms
to enhance its reliability and applicability in real-world scenarios.

The reliability testing results indicate that the OCR system’s performance was inconsistent, achieving an
overall accuracy of 25% across ten tested images. This percentage represents the ratio of correctly recognized
characters to the total number of characters across all test samples. Specifically, out of 40 total characters in the
test images, only 10 characters were accurately recognized. Variations in text length, character size, and input
quality significantly influenced the system’s ability to recognize characters correctly. The 25% overall recognition
accuracy indicates substantial limitations, especially for complex or handwritten Arabic-Malay characters.
Comparative analysis with other OCR systems revealed that this result underscores the necessity for more robust
training datasets and advanced preprocessing techniques. For instance, augmenting the dataset with synthetic
images or diverse text styles could improve the system’s ability to generalize across various input types.

D. Application Interface and Functionality

The OCR application enables users to upload or capture images of Arabic-Malay text for recognition and
translation. The system processes the text and provides a digital output that can be translated into Indonesian. The
application also includes an intuitive interface that facilitates user interaction, allowing individuals to learn and
practice writing Arabic-Malay characters through integrated educational modules. The results demonstrate that
the OCR system shows strong potential for recognizing Arabic-Malay script in controlled environments with
optimal lighting. The system’s 100% accuracy under bright conditions (1639 lux and 485 lux) underscores the
feasibility of OCR technology for recognizing Arabic-Malay text. However, the significant decline in performance
in low-light conditions, particularly at 3.5 lux, emphasizes the importance of improving the system’s
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preprocessing capabilities. Techniques such as automatic brightness adjustment and noise filtering could enhance
the OCR’s robustness under challenging lighting conditions.

The 25% overall accuracy for character recognition highlights limitations in the OCR system’s ability to
handle diverse and complex text styles. The current model performs well with simple characters and high-quality
images, but struggles with more intricate and handwritten characters. Expanding the training dataset to include a
wider range of Arabic-Malay text samples, along with incorporating advanced machine learning algorithms like
deeper Convolutional Neural Networks (CNNs), could significantly improve the system’s recognition capabilities.
The user-friendly design of the OCR application facilitates its adoption by a broad audience, from beginners
learning Arabic-Malay script to more experienced users. By integrating real-time text recognition and translation
features, the application serves as a valuable educational tool [23], [24]. However, further enhancements to the
system’s recognition accuracy and its ability to handle complex images are necessary to make the application
more effective and reliable. Indeed, the OCR system demonstrates potential for supporting Arabic-Malay script
recognition and education. Nevertheless, future efforts should focus on improving performance in low-light
environments, expanding training datasets, and enhancing model robustness to ensure reliable recognition across
a variety of conditions [25], [26]. These refinements will enable the application to serve as a comprehensive tool
for preserving and learning Arabic-Malay script.

IV. CONCLUSION

This study developed an Optical Character Recognition (OCR) application for recognizing and
translating Arabic-Malay script, widely used in Bengkalis and its surrounding regions. The application has
successfully facilitated learning and interaction with Arabic-Malay text through integrated recognition and
translation features. The system demonstrated optimal performance in well-lit conditions, achieving 100%
accuracy under 1639 lux and 485 lux lighting levels. However, performance declined significantly in low-light
environments, particularly at 3.5 lux, highlighting the importance of lighting conditions for reliable OCR
functionality. The overall recognition accuracy of the OCR system was 25%, with challenges observed in handling
complex and handwritten Arabic-Malay characters. These findings indicate the need to enhance the system’s
training dataset to include more diverse and representative samples of Arabic-Malay text. Additionally, integrating
advanced machine learning models, such as deeper Convolutional Neural Networks (CNNSs), could improve the
system’s ability to recognize complex and low-quality text images.

Future work should focus on expanding the training dataset to include diverse Arabic-Malay text
samples, such as handwritten characters and varying font styles. Additionally, integrating preprocessing
techniques like adaptive thresholding or brightness adjustment could enhance image quality for low-light
recognition. Another promising approach is utilizing deeper Convolutional Neural Networks (CNNs) for more
robust and accurate text recognition. One potential enhancement is the integration of a light sensor to detect and
adjust for low-light conditions dynamically. This would allow the application to recommend additional lighting
or optimize the preprocessing stage based on detected light levels. In short, the OCR system has potential
applications beyond learning and interaction. For example, it could be employed in educational tools for schools
that teach Arabic-Malay script, translation services for documents, or local communication in communities that
frequently use the script. These applications could help preserve the cultural heritage of Arabic-Malay script while
providing practical solutions for its use in modern contexts.
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