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Abstract—The Javanese script holds immense cultural significance within Indonesia despite its diminishing usage in contemporary
contexts. Its presence remains notable in specific regions of Java and remains integral to many historical documents and texts.
Consequently, there is an urgent need for a transliteration system adept at converting Javanese script into contemporary scripts like
Roman or Indonesian, thereby contributing to preserving Java's linguistic and cultural legacy. However, reading or transliterating
Javanese script can be time-consuming, especially for longer texts, presenting considerable challenges for non-native readers. This study
aims to develop an effective transliteration system for converting Javanese script into Roman script. This system addresses the pressing
need to preserve Java's linguistic and cultural heritage by facilitating the readability and accessibility of Javanese script, especially for
non-native readers. This study introduces an Optical Character Recognition (OCR) system tailored to identify Javanese script
characters and transcribe them into Roman characters, explicitly focusing on fundamental nglegena and sandhangan swara characters.
Individual characters are isolated by leveraging horizontal and vertical projection techniques, facilitating subsequent classification
using a Convolutional Neural Network (CNN) employing transfer learning methodologies. The system's achievement of an impressive
average similarity score of 90.78% is noteworthy, with the Xception architecture demonstrating superior efficiency in transliteration
tasks. Implementing such a system harbors significant promise in safeguarding the Javanese script and enhancing its accessibility to a
broader audience. This research contributes substantially to preserving and propagating Indonesia's rich cultural and linguistic
heritage amidst the digital age.
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preservation [8]. It would make Javanese texts more
I. INTRODUCTION accessible to a broader audience and contribute to our
understanding of Javanese language, culture, and history [9].
A system that transliterates Javanese script to Roman script
using digital images would be valuable for language learning,
cultural preservation, and academic research, enabling greater
understanding and appreciation of Javanese language and

Indonesia, known for its rich cultural diversity, includes
Java Island, a vibrant hub of tradition and history. Java Island
is celebrated for its intricate cultural heritage, particularly
highlighted by the prominence of the Javanese language and
script [1], [2]. However, the Javanese script is declining and

is now only used in historical documents and letters [3]-[5]. cultRure. h I .. lassificati ine CNN
Translating Javanese script into Roman script can enhance escarch on Javanese writing classification using
cross-cultural understanding and communication. This previously existed. Dewa et al. [10] created software that uses

a CNN model for recognizing handwritten Javanese
characters. The performance of the software was evaluated
using k-fold cross-validation to measure -classification

system can make Javanese text more accessible and readable
to non-Javanese speakers, facilitating Javanese language

study and cultural preservation due to the complexity of o
Javanese script. Many individuals encounter challenges accuracy and training time. The results showed that the CNN

writing it. Some cannot recognize or decipher Javanese script model ogtperfqrmed the MLP model in accuracy but required
characters [6], [7] more training time. However, the accuracy of the CNN model

did not reach 90% due to the limited size of the dataset. They

Digital images of Javanese texts can be used to develo e .
£ g b recommend optimizing the CNN model for a larger dataset in

such a system, significantly impacting language learning and
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future work. It is important to note that the model can only

classify a single character in an image, not multiple characters.

Widiarti et al. [11] proposed a model that converts
Javanese script images to Latin text, comprising three sub-
models: manuscript image segmentation, Javanese script
image to Latin script transliteration, and syllable grouping. An
adaptive approach addresses diversity issues in Javanese
script image segmentation. The model uses a structural
approach to extract Javanese script features using specific
physical characteristics. A Javanese word dictionary is
utilized to validate syllable grouping results, and a Markov
chains tool is used to handle errors in the script replacement
process. However, the proposed model was tested on only one
Javanese manuscript, with an accuracy of 79.6%, indicating
that it may be less effective for other Javanese manuscripts
with different handwriting styles or variations. Additionally,
the research only used the KNN algorithm with K=1 (1-NN)
to classify Javanese characters. The 1-NN algorithm is prone
to overfitting, which means that the model may memorize the
training data instead of learning general patterns that can be
applied to new data. Consequently, this may result in poor
performance on unseen data.

Ilham et al. [12] utilized a segmentation technique by
combining projection profile and connected component
labeling. The classification approach employed a
Convolutional Neural Network. The test data consisted of 20
basic handwriting Javanese characters captured by a
smartphone camera. The study achieved a 90% accuracy rate
in the character segmentation phase. Thus, the projection
profile and connected component labeling methods can
effectively perform image segmentation. During testing, the
CNN method achieved an accuracy rate of 80% using 20 test
images, demonstrating its effectiveness in character
recognition. The limitation of this study is that it only uses 20
basic Javanese characters and has yet to be applied to sandang
swara. Moreover, training a model from scratch on a small
dataset can lead to overfitting. This means that the model may
memorize the training data rather than learning general
patterns that can be applied to new data.

Wibowo et al. [6] propose a comprehensive system for
Javanese character recognition, integrating a feature
extraction method and KNN for classification. The system
encompasses various stages: character segmentation to isolate
individual Javanese characters from input images, feature
extraction utilizing Shape Energy and an Improvement
Method with angle multipliers (10, 20, 30, 40 degrees), k-
nearest Neighbor (k-NN) classification with different k values
(1, 3, 5, 7) to assess performance, cross-validation sampling
for testing model reliability, and performance testing on
rotated images to evaluate the feature extraction method's
robustness. The potential limitation arises from the use of
KNN for classification, which tends to be prone to overfitting,
particularly in complex datasets. KNN relies heavily on local
similarities, so it may excessively fit the training data,
resulting in poor generalization to unseen data.

Robby et al. [4] addressed the challenge of recognizing
Javanese characters using Optical Character Recognition
(OCR) methods. They collected a dataset of 5880 Javanese
characters and trained multiple models using Tesseract OCR
tools. Implementing these models on Android-based mobile
phones, they explored two annotation methods for bounding
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boxes: one with separate boxes for the main body and
phonetic symbols and the other with a unified box. Their
analysis revealed that combining a single boundary box for
the entire character, along with separate boxes for the main
body and sandangan parts, yielded the highest accuracy. This
study underscores the intricacies of developing OCR systems
for non-Latin scripts like Javanese, emphasizing the
importance of dataset curation, model training, and annotation
methodologies in achieving accurate recognition. One
potential limitation of Robby et al.'s approach to Javanese
character recognition using OCR methods is the dependency
on accurately annotated bounding boxes, which can be
mitigated by employing Javanese transliteration techniques
through transfer learning and projection profile segmentation
to automate segmentation and enhance model generalization.

The previous studies related to Javanese script
classification and transliteration have their limitations. Dewa
et al. [10] achieved suboptimal accuracy due to the limited
dataset size and the inability to classify multiple characters in
a single image. Widiarti et al. [11], the model was tested on
only one manuscript and used the 1-NN algorithm, which is
prone to overfitting. Wibowo et al.'s [6] method also utilizes
the KNN algorithm for classification, which tends to exhibit
overfitting tendencies. Ilham et al. [12] had a small dataset
and did not include sandhang swara, with training from
scratch leading to potential overfitting. This study uses CNN
with transfer learning combined with projection profile
segmentation—the dependency on accurately annotated
bounding boxes, as highlighted by Robby et al. [4], further
emphasizes the need for automated segmentation techniques
like projection profile segmentation to improve model
robustness and generalization in Javanese character
recognition tasks.

Combining CNN with transfer learning and projection
profile segmentation can solve the overfitting problem
because transfer learning has a pre-trained model that has
already learned general patterns from a large dataset, making
it more suitable for a small dataset like this study.
Additionally, this study was able to transliterate multiple
characters in the Javanese script by using projection profile
segmentation to obtain every character in one image,
including sandhangan swara characters, enabling the model
to classify all characters simultaneously. This approach is
more efficient and accurate than classifying a single character
in an image. Therefore, using CNN with transfer learning and
projection profile segmentation in this study can overcome the
limitations of previous studies and provide more accurate and
reliable results in Javanese script transliteration.

II. MATERIALS AND METHODS

The method starts with preprocessing, which includes gray
scaling, Gaussian blurring, thresholding, and dilation to
enhance the image quality and improve the accuracy of
character segmentation. The next step is segmentation, which
uses projection profile segmentation to separate individual
Javanese characters from the input image. The separated
characters are then classified using transfer learning with
three pre-trained models: MobileNetV2, VGG-16, and
Xception. Finally, the performance of the proposed
methodology is evaluated in terms of the F1 score. Figure 1
depicts the method of this study.



Fig. 1 Method proposed in this study

A. Dataset

This study focuses on the Javanese script, specifically basic
Javanese characters (nglegena) and the symbol or marker that
will change the base vowel (swara sandhangan), comprising
46 classes. It consists of 20 nglegena characters, 20 nglegena
characters combined with swara sandhangan suku
(pronounced as “u”) because the sandhangan suku combines
directly with the nglegena character, 2 special characters for
"re" and "le" because they cannot be created by combining
nglegena characters "ra” and "la" with pepet sandhangan,
and 4 other sandhangan swara characters: wulu, pepet, taling,
and talung. For each class, 40 images are provided, divided
into 2 types: using the "hanacaraka" font and the second type
using the "hanacaraka" font with bold attributes. Table 1
shows 20 nglegena along with “re” and “le” characters and
their pronunciation using Roman characters. Table 2 shows
the sandhangan swara wulu, suku, pepet, taling, and talung.
Please note that the sandangan suku, when pronounced as "u,"
is written continuously along with the nglegena character.

TABLEI
NGLEGENA CHARACTERS ALONG WITH THEIR PRONUNCIATION USING
ROMAN CHARACTER
Javanese Roman Javanese Roman
Character Character Character Character
ha da
na ja
ca ya
ra nya
ka ma
da ga
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ta ba
sa tha
wa nga
la re
pa le
TABLEII
NGLEGENA CHARACTERS ALONG WITH THEIR PRONUNCIATION USING
ROMAN CHARACTERS
Sandangan Name Pronounciation
wulu i
suku u
taling e
pepet ¢
taling tarung o
B. Preprocessing
1) Grayscaling: In Javanese script transliteration,

grayscaling is needed because it can help to improve the
accuracy of Optical Character Recognition (OCR) technology
[13]. When scanned or photographed, a Javanese script is
captured as an image with shades of black and white. This
image can be difficult for OCR algorithms to recognize,
especially if there are variations in the background, font type,
or size [14]. Grayscaling the image can help simplify it by
converting it into a grayscale format with a range of gray shades,
from white to black [15], [16]. This process can help reduce the



image's complexity and make it easier for the OCR algorithm
to recognize the characters. Grayscaling can also help to
enhance the contrast between the text and background, which
can further improve the accuracy of the OCR algorithm [17].

wil pmnnz amnd Ay,

am

b
Fig.2 The Javanese script before (a) and after (b) shadows removal

2) Gaussian Blurring: In Javanese script transliteration,
Gaussian blurring is used as a preprocessing step to smooth
out the image and reduce noise before performing character
recognition [18]. This is important because the script contains
many fine details and curves, and any noise or irregularities
in the image can cause misinterpretation or misclassification
of the characters. Gaussian blurring helps to reduce these
issues by smoothing out the image and removing any small
variations in intensity that might be caused by noise or uneven
lighting [19]. This results in a more transparent and uniform
image, which can improve the accuracy of character
recognition algorithms.

3) Shadow Removal: The dilation operation contributes
to the shadow removal process indirectly. The dilation is a
morphological operation initially applied to the input image
using a large square kernel. This operation enlarges the
boundaries of foreground objects and fills in small gaps,
effectively thickening and enhancing certain features within
the image [20]. Following the initial dilation, the function
computes the background image by performing dilation again
on the inverted dilated image. This process helps approximate
the image's background, encompassing shadow regions [21].
While dilation is not directly employed for shadow removal,
it is an essential component of the background extraction
process. Extracting the background, subsequent operations,
such as the difference image and thresholding computation,
can effectively identify and isolate shadow regions for
removal. Figure 2 shows an example of shadow removal.

4) Thresholding: In Javanese script transliteration,
thresholding separates the foreground from the image's
background and extracts the text regions of interest. The text
regions can be easily identified and segmented from the
background by converting the grayscale image to binary. This
allows for more accurate recognition and transliteration of the
Javanese script characters. Thresholding separates the
foreground from the background of the image and extracts the
text regions of interest. This process enhances the accuracy of
Javanese script character recognition and transliteration by
reducing noise and improving image contrast. Additionally,
thresholding helps reduce noise and improve the image's
contrast, further enhancing the transliteration process's
accuracy. This study uses Otsu thresholding [22].

5) Character  Improvement. In Javanese script
transliteration, dilation thickens or expands the characters.
This is because some characters in Javanese script can appear
thin or faint due to the quality of the image or the writing style,
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which can cause difficulties in character recognition. By
applying dilation, the characters can be made thicker and
more visible, which can improve the accuracy of the character
recognition process. Dilation can also fill in gaps or breaks in
the characters, which can occur due to the poor quality of the
writing or image, making it easier to recognize the character
[23]. Overall, dilation can help improve character recognition
accuracy in Javanese script transliteration.

C. Projection Profile Segmentation

Projection Profile Segmentation is a method used in image
processing to segment an image into multiple regions by
analyzing the image's horizontal and vertical projections [24],
[25]. In the case of Javanese script transliteration, Projection
Profile Segmentation can be used to separate individual
characters from a continuous line of text. The formula for the
horizontal projection profile can be seen in Eq 1.

h() = X241 )) (1
where h(j) is the sum of the intensity values of all pixels in
the column j, I(i, j) is the intensity value of the pixel at row i
and column j, and m is the number of rows in the image.
Similarly, the formula for the vertical projection profile can
be seen in Eq 2.

v = X7 100 )) 2)
where v(j) is the sum of the intensity values of all pixels in
column j, I(i, ) is the intensity value of the pixel at row i and
column j, and n is the number of rows in the image. Figure 3

shows an example of horizontal and vertical projection in
Javanese script.
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Fig. 3 Example of horizontg.al and vertical projection in Javanese script.
The original images (a) and their pixel intensity based on projection (b)
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D. Classification

Following the segmentation process, this study progresses
to character classification within Javanese script using
transfer learning, which repurposes pre-trained models for
similar tasks. This study employed three pre-trained models:
MobileNetV2, VGG-16, and Xception, each offering distinct
advantages in image analysis tasks.

MobileNetV2 is celebrated for its lightweight architecture
and efficiency, making it particularly suited for deployment
on mobile devices owing to its minimal computational
demands [26]. This model achieves its efficiency through the
innovative use of depthwise separable convolutions, which
significantly reduce the number of parameters without
sacrificing  performance.  MobileNetV2's  streamlined
architecture enables rapid inference and deployment, making
it an attractive choice for resource-constrained environments.

In contrast, VGG-16 stands out for its depth and simplicity,

comprising 16 layers with relatively small (3x3)
convolutional filters [27]. Despite its straightforward
architecture, VGG-16 has demonstrated remarkable

performance in various image -classification tasks. Its
architecture's simplicity and uniformity contribute to ease of
understanding and implementation, facilitating its widespread
adoption in computer vision applications.

Xception represents a departure from conventional CNN
by introducing a novel architecture based on depth-wise
separable convolutions. Unlike traditional CNNs, Xception
employs depthwise separable convolutions at every layer,
facilitating the extraction of complex features while
significantly reducing computational overhead [28]. This
innovative architecture enables Xception to achieve state-of-
the-art performance across various image recognition tasks.
By leveraging these diverse models, our study aims to
evaluate their performance and identify the most suitable
candidate for Javanese to Roman script transliteration.
Transfer learning allows us to adapt these pre-trained models
to our specific task, leveraging their learned representations
to enhance the accuracy of character classification within
Javanese script. Through meticulous examination, rigorous
evaluation, and comprehensive comparison across various
performance metrics, this study endeavors to ascertain the
model that provides the most favorable equilibrium among
accuracy, efficiency, and scalability, explicitly tailored to the
exigencies and complexities inherent in our transliteration
task.

III. RESULTS AND DISCUSSION

A. Character Classification Results

The first experiment conducted classification tests on
single printed Javanese characters across three transfer
learning architectures: MobileNetV2, VGG-16, and Xception.
All models underwent training using an identical dataset,
comprising training and testing subsets, obtained through the
segmentation process during dataset collection. The
evaluation encompassed 46 distinct classes, each containing
40 images. The evaluation methodology adopted the K-Fold
technique with 5 folds, and each training epoch consisted of
15 iterations. The initial model, employing the MobileNetV2
architecture, yielded a compact model size of 9 MB. Notably,
the average F1 score achieved perfection across all folds,
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denoted by a score of 1, indicative of impeccable
classification performance in every fold. Subsequently, the
VGG-16 architecture was employed, resulting in a larger
model size of 512 MB. Despite a commendable average F1
score of 0.985 across all folds, indicative of high performance,
discernible errors were observed during the classification
process in the evaluation phase. Lastly, the Xception
architecture, with a model size of 80.1 MB, achieved
consistently flawless classification results, reflected in an
average F1 score of 1 across all folds during the evaluation
phase. Detailed F1 scores for each model's classification of
individual classes for the first experiment are presented in
Table 3.

TABLE IIII
CLASSIFICATION PERFORMANCE RESULTS IN THE FIRST EXPERIMENT
Model F1 Score Model Size (MB)
MobileNetV2 1 9
VGG-16 0.985 512
Exception 1 80.1

The second experiment involved creating models using a
combined dataset comprising printed Javanese nglegena
script, obtained from the preceding phase, and handwritten
Javanese nglegena script by Phiard et al. [29], with 40
randomly selected images per class, resulting in a total dataset
of 80 images per class. This trial encompassed 20 classes,
specifically only nglegena characters. Similar to the system
model construction, the architectures employed were
MobileNetV2, VGG-16, and Xception. The model evaluation
utilized the K-Fold cross-validation with 5 folds; each training
process included 15 epochs. The first model, employing the
MobileNetV2 architecture, achieved an evaluation score of
0.992 for F1 score. The second model, utilizing the Xception
architecture, attained an evaluation score of 0.989 for F1 score.
Conversely, the model employing the VGG-16 architecture
garnered F1 score of 0.434. Compared to the models
explicitly developed from the first experiment, there was a
decrease in overall accuracy or evaluation scores for each
model. This decline can be attributed to the variation of
handwritten and printed scripts, which increased the dataset's
diversity. Additionally, it implies that models created with
mixed datasets exhibit higher error rates, particularly for the
VGG-16 architecture. Detailed F1 scores for each model's
classification of individual classes for the second experiment
are presented in Table 4.

TABLE IV
CLASSIFICATION PERFORMANCE RESULTS IN THE SECOND EXPERIMENT
Model F1 Score Model Size (MB)
MobileNetV2 0.992 9
VGG-16 0.434 512
Exception 0.989 80.1

B. Transliteration Results

The method required in the transliteration process involves
the overall segmentation and classification of segmentation
results. This method leverages preprocessing methods that
were established beforehand. The models used in the
transliteration experiment are generated during the model
training process: the MobileNetV, VGG-16, and Xception. To
assess the transliteration results, a similarity score based on
the Levenshtein Distance of the transliteration results for each



image and each model was utilized, also normalized based on
the length of the original text and the transliteration results
using TheFuzz library [30]. The Levenshtein Distance was
chosen due to its advantages in assessing the similarity or
differences between two strings, owing to its speed and
suitability for evaluating string similarity [31], [32]. Another
advantage of this method is its ability to handle string
comparisons with differing character counts, aligning with the
classification results prone to classification errors by the
model or spacing differences, which are also accounted for by
this method [33].

Fig. 4 Example of Transliteration Results

This method successfully segmented and classified the
Javanese script images based on the experimental outcomes,
yielding varying average similarity scores for each model.
Figure 4 shows an example of the transliteration process.
Table 5 shows the similarity score from each architecture. The
models demonstrated commendable capability in recognition
or transliteration, akin to the preceding trials, with most trial
images accurately classified. Transliteration errors primarily
occurred during the segmentation stage. Images were
susceptible to segmentation errors owing to the image capture
angles, such as with characters "le" and "ga," or characters
with the sandhangan wulu potentially not separated by a
vertical line and instead interpreted as a single character.

Several images experienced transliteration errors due to
system limitations in recognizing "lighttext" text types that
may contain shadows. Additionally, characters with thin lines
may be segmented into two distinct characters due to
discontinuation during thresholding. Non-existent characters
in images may emerge from segmentation due to noise on
computer monitor components that are unremoved during
blurring and shadow removal processes. Images with
excessive zoom or small text size may also lead to
transliteration errors due to high image noise sharpness.

TABLE V
SIMILARITY SCORE FOR EACH ARCHITECTURE

Model Similarity Score (%)
MobileNetV2 90.07
VGG-16 89.26
Exception 90.78
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In addition to accuracy, the time required for transliteration
from image reading to producing Romanized results was
recorded for each image in each model. Table 6.3 illustrates
the time taken for the entire transliteration process of the trial
images. Based on the overall transliteration process
(excluding image wupload time), the MobileNet V2
architecture model exhibited the fastest transliteration process,
with an average transliteration time of 1.57 seconds for all
trial images. The Xception architecture model ranked second
fastest, with an average duration of 5.38 seconds. The VGG-
16 architecture model required the longest time for
transliteration, with an average transliteration duration of 7.26
seconds. Table 6 shows the transliteration time for each
architecture.

TABLE VI
TRANSLITERATION TIME
Model Time (s)
MobileNetV2 1.57
VGG-16 7.26
Exception 5.38

C. Comparison with Previous Studies

This study conducted a comprehensive comparison with
previous studies in Javanese script transliteration. While most
previous studies solely reported the accuracy of classification
results, our research offers a more nuanced evaluation. This
study introduced additional performance metrics, including
F1 score, transliteration score using Levenshtein distance, and
transliteration time. These metrics provide a more holistic
assessment of the transliteration process, capturing both
classification accuracy and the efficiency of transliteration.
However, it's important to note that comparisons with
previous studies may be limited due to differences in datasets
and experimental setups. While this study and previous ones
utilize private datasets, variations in data collection methods,
dataset sizes, and preprocessing techniques may impact
results. Therefore, while this study contributes additional
insights into Javanese script transliteration performance,
direct comparisons should be made cautiously, considering
these potential discrepancies. Table 7 shows the performance
comparison with previous studies.

TABLE VII
COMPARISON WITH PREVIOUS STUDIES

F1 Score Similarity Transliteration

Accuracy
Research o o Score .

(%) (%) %) time (s)
Dewa et al [10] 89 - - -
Widiarti et al [11] 87.29 - - -
Ilham et al [12] 80 - - -
Wlbowo et al [6] 96.21 - - -
Robby et al [4] 97.5 - - -
Proposed method
(MobileNetv2) » 9 9007 1.57
Proposed method
(VGG-16) 98.5 71 89.26 7.26
Propose‘d method 99 99 90.78 538
(Exception)

Including the F1 score allows for a balanced evaluation of
precision and recall, offering insights beyond simple accuracy
measurements. Similarly, the transliteration score using



Levenshtein distance provides a quantitative measure of the
similarity between the original Javanese script and the
Romanized text, offering a more granular assessment of
transliteration ~ accuracy.  Additionally,  considering
transliteration time provides valuable information on the
computational efficiency of the models, essential for real-time
applications.

D. Discussion

The results of the experiments shed light on the efficacy of
different transfer learning architectures in Javanese script
transliteration. The first experiment, focusing on single
printed Javanese characters, demonstrated remarkable
classification performance across all three models:
MobileNetV2, VGG-16, and Xception. The MobileNetV2
architecture, known for its lightweight and efficient design,
exhibited flawless classification results, suggesting its
suitability for tasks with computational constraints.
Conversely, while the VGG-16 architecture achieved a high
F1 score, it showcased discernible errors during the
evaluation phase, possibly due to its deeper architecture and
higher computational demands. The Xception architecture,
distinguished for its feature extraction capabilities,
consistently  yielded flawless classification results,
underscoring its effectiveness in complex classification tasks.

In the second experiment, where models were trained on a
combined dataset of printed and handwritten Javanese
nglegena script, a decline in overall accuracy was observed
compared to models trained solely on printed script. This
decline underscores the challenges posed by dataset diversity,
particularly evident in the VGG-16 architecture model, which
exhibited a significant decrease in performance. The
combination of handwritten and printed scripts introduces
complexities in classification, leading to higher error rates,
especially in architectures that could be more adept at
handling dataset variations.

The transliteration process, utilizing the Levenshtein
Distance metric for similarity scoring, revealed the
effectiveness of the MobileNetV2 and Xception architectures
in accurately transcribing Javanese script to Romanized text.
However, segmentation errors were identified as a primary
source of transliteration inaccuracies, particularly in
characters with intricate details or shadows. System
limitations in recognizing "light text" and noise artifacts
further contributed to transliteration errors, emphasizing the
need for robust preprocessing techniques. Moreover, the
transliteration time analysis highlighted the computational
efficiency of the MobileNetV2 architecture, which exhibited
the shortest transliteration duration compared to VGG-16 and
Xception. This efficiency underscores its suitability for real-
time applications where swift processing is paramount.

The obtained results from the experiments provide valuable
insights into the performance of various transfer learning
architectures in Javanese script transliteration, offering
implications across multiple dimensions. Firstly, the F1 score
serves as a critical metric for evaluating the classification
performance of the transfer learning models. While all three
architectures—MobileNetV2, VGG-16, and Xception—
demonstrated high F1 scores, the discernible errors observed
in the VGG-16 architecture during the evaluation phase
suggest potential challenges associated with its deeper
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architecture and higher computational demands. Secondly,
analyzing the similarity score derived from the transliteration
process provides crucial insights into the accuracy of
transcribing Javanese script into Romanized text. While both
MobileNetV2 and Xception architectures demonstrated
commendable accuracy, identifying segmentation errors as a
primary source of inaccuracies underscores the significance
of robust preprocessing techniques. These errors,
compounded by system limitations in recognizing certain text
types and noise artifacts, highlight the need for further
refinement in preprocessing methodologies to enhance
transliteration accuracy. Lastly, the analysis of transliteration
time underscores the importance of computational efficiency,
particularly in real-time applications where swift processing
is essential. The MobileNetV2 architecture exhibited the
shortest transliteration duration, indicating its suitability for
scenarios where rapid processing is paramount. Conversely,
the longer transliteration durations observed with the VGG-
16 and Xception architectures emphasize the trade-off
between computational complexity and processing time.

The results of the experiments shed light on the efficacy of
different transfer learning architectures in Javanese script
transliteration, highlighting their respective advantages and
disadvantages. MobileNetV2, known for its lightweight and
efficient design, exhibited flawless classification results and
the shortest transliteration duration, making it ideal for tasks
with computational constraints and real-time applications.
Conversely, VGG-16 achieved a high F1 score but showed
discernible errors during evaluation, likely due to its deeper
architecture and higher computational demands, leading to
longer transliteration times. Xception, distinguished for its
powerful feature extraction capabilities, consistently yielded
flawless classification results and high transliteration
accuracy, but at the cost of a longer transliteration duration
similar to VGG-16. The decline in overall accuracy observed
in the second experiment, where models were trained on a
combined dataset of printed and handwritten Javanese
nglegena script, underscores the challenges of dataset
diversity. VGG-16 exhibited a significant performance
decrease with the combined dataset, highlighting the
complexities in classification introduced by handwritten
characters and the need for robust preprocessing techniques.
Despite these challenges, the detailed analyses using metrics
such as F1 score, Levenshtein distance for similarity scoring,
and transliteration time provide comprehensive insights into
the performance of these models, emphasizing the trade-offs
between computational complexity, processing time, and
accuracy.

The decline in overall accuracy observed in the second
experiment, where models were trained on a combined dataset
of printed and handwritten Javanese nglegena script,
underscores the challenges of dataset diversity—the
combination of handwritten and printed scripts introduced
complexities in classification, leading to higher error rates.
Handwritten characters often exhibit variations in style, stroke
thickness, and imperfections that are absent in printed
characters, making them harder to classify. This variability
can confuse models primarily trained on more uniform printed
characters.



IV. CONCLUSION

The experiments systematically evaluate various transfer
learning architectures for Javanese script transliteration.
MobileNetV2, VGG-16, and Xception demonstrated notable
classification performance in the first experiment, with
MobileNetV2 standing out for its lightweight design, while
VGG-16 faced challenges likely due to its deeper architecture.
The second experiment, incorporating both printed and
handwritten scripts, revealed a decline in the F1 Score,
particularly in VGG-16. Transliteration inaccuracies,
stemming from segmentation errors and system limitations,
underscored the importance of robust preprocessing. Notably,
MobileNetV2 and Xception excelled in transliteration, with
MobileNetV2 exhibiting the shortest processing time,
rendering it apt for real-time applications.

In specific achievements, MobileNetV2 emerged as the
optimal architecture for Javanese character classification,
boasting a remarkable 99.2% F1 score. On the other hand,
Xception proved most effective for Javanese script
transliteration, achieving a commendable similarity score of
90.78%. The suitability of MobileNetV2 is further
emphasized by its lightweight architecture, making it
particularly conducive for mobile devices.

The study underscores the significance of architectural
considerations and dataset characteristics in crafting
proficient transliteration models for Javanese script. Future
investigations could delve into advanced preprocessing
techniques and architecture-specific optimizations to address

segmentation  errors, ultimately enhancing overall
transliteration accuracy and efficiency.
The research findings hold significant practical

implications for both academic and real-world applications in
Javanese script transliteration. By demonstrating the
effectiveness of MobileNetV2 for character classification and
Xception for script transliteration, the study paves the way for
developing user-friendly tools that facilitate easier Javanese
script transcription. These findings advance computational
linguistics research in academic contexts, offering insights
into optimal model selection for script recognition and
transliteration tasks. Moreover, in practical applications, such
as mobile devices or digital platforms, the identified
architectures can streamline the Javanese script conversion
into Romanized text, promoting cultural heritage preservation
and linguistic accessibility. Further research endeavors could
refine transliteration models to address segmentation errors
and enhance overall efficiency, supporting broader adoption
and utilization in academic and practical domains.
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