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ABSTRACT

Student Name / NPM :  Dela Ayu Putri Mayona / 22081010008

Thesis Title : Javanese  Character = Recognition  Using
MobileNetV3 Feature Extraction and Support
Vector Machine (SVM)

Advisor : 1. Chrystia Aji Putra, S.Kom, M.T

2. Hendra Maulana, S.Kom, M.Kom

Javanese script is one of Indonesia’s cultural heritages that holds significant
historical and educational value. One of the main challenges in preserving Javanese
script lies in the complexity of its characters, many of which have visually similar
shapes. This study aims to develop an image-based recognition system for Javanese
script by utilizing MobileNetV 3 for feature extraction and SVM as the classification
algorithm. The dataset used consists of 2,500 images of Javanese characters, with
125 images for each class. The preprocessing stage includes the application of
Contrast Limited Adaptive Histogram Equalization (CLAHE) to enhance image
contrast, resizing images to 224x224 pixels, and normalizing pixel values. Feature
extraction is performed using the MobileNetV3 architecture, which is capable of
producing efficient and informative feature representations. The SVM model is then
trained using various kernel types with different combinations of parameters C and
gamma, along with multiple data splitting scenarios to obtain the best performance.
The experimental results show that the best model is achieved using a Linear kernel
with C = 0.1 and no gamma parameter under an 80:20 data split, resulting in an
accuracy of 98.4%, precision of 98.49%, recall of 98.4%, and F1-score of 98.40%.
These results indicate that the combination of MobileNetV3 and SVM is effective
in recognizing Javanese script. The best-performing model is further implemented
into a web-based application using Flask to enable interactive user testing. This
study is expected to serve as a foundation for the development of technology-based

learning systems for Javanese script.

Keywords: Javanese Script, MobileNetV3, SVM, Image Processing, Character
Recognition.

vil



ACKNOWLEDGEMENTS

The author offers heartfelt thanks and praise to Allah SWT for His abundant

mercy, guidance, and blessings, which have enabled the successful completion of

this thesis titled “Javanese Character Recognition Using MobileNetV3 Feature

Extraction and Support Vector Machine (SVM)”. This thesis was prepared as one

of the requirements for obtaining a Bachelor’s degree in the Informatics Program,

Faculty of Computer Science, Universitas Pembangunan Nasional “Veteran” East

Java. The author fully acknowledges that the completion of this thesis would not

have been possible without the support, guidance, encouragement, and prayers of

various parties, whether moral, spiritual, or material. Therefore, with the utmost

respect and sincere gratitude, the author wishes to express his deepest appreciation

to:

1.

Prof. Dr. Ir. Novirina Hendrasarie, M.T., as the Dean of the Faculty of
Computer Science at the Universitas Pembangunan Nasional “Veteran” Jawa
Timur, for granting the research permits, providing highly adequate academic
facilities, and continuously implementing policies that foster a conducive
learning environment to support the students' smooth academic journey.

Dr. Intan Yuniar Purbasari, S.Kom., M.Sc., as the Head of the Informatics
Study Programme, Faculty of Computer Science, Universitas Pembangunan
Nasional "Veteran" Jawa Timur. The author expresses their profound gratitude
for her unwavering dedication, administrative and academic guidance, and
constant support throughout the course of study.

Mr. Chrystia Aji Putra, S.Kom., M.Kom., as the First Supervisor, who with
utmost patience, sincerity, and paternal care has guided the author throughout
this entire research process from inception to completion. Mr. Hendra Maulana,
S.Kom., M.Kom., as the Second Supervisor, who consistently dedicated his
time to guide the author with immense patience, warmth, and sincerity during
this research journey. The author deeply appreciates his openness in warmly

welcoming every question, providing constructive suggestions that clarified the

1X



research methodology, and strengthening the author's resolve during moments
of doubt, whilst remaining highly accessible and encouraging throughout the
consultation process.

Dr. Eng. Ir. Anggraini Puspita Sari, S.T., M.T., as the First Examiner, who
evaluated this thesis with full thoroughness, academic firmness, and
professionalism. Ms. Yisti Vita Via, S.ST., M.Kom., as the Second Examiner,
who provided an objective assessment with full patience, sincerity, and
kindness.

The highest honor and most profound, boundless gratitude are dedicated to the
author's beloved parents, Mr. Supriyono and Mrs. Erna Sudarmiati. They are
the author's ultimate pillars of strength, who have raised, educated, and
nurtured the author with unconditional love, constantly sacrificing everything
to support the author materially and emotionally, while offering unceasing
prayers in every single one of their prostrations. The author also extends
heartfelt thanks to their dear younger brother, Daffaa Bahy Yafi, whose
presence has always brought joy and heartwarming moral support throughout
this journey.

The author expresses their sincerest gratitude to the family of Mas Eko and
Mbak Ira, who so kindly, sincerely, and warmly allowed the author to reside in
their home during these years of study. The comfort and sense of family they
provided meant everything to the author in this migrant town. Special thanks
also go to Wiyannida Mumtaza and Ebim for always being so kind, friendly,
and consistently providing daily moral support that kept the author's spirits
high.

A very special tribute and deep appreciation are directed to the author's best
friends in BS: Hanin Fatma Soraya, Aprinia Salsabila Roiqoh, Nabila Anggita
Luna, Diva Ristiaji Putri, Choirun Nisa', Cynthia Dwi, and Revelin Putri.
Thank you for faithfully walking alongside the author, fighting the same
battles, and sharing both laughter and tears from the first semester to the eighth.
You are not merely university friends; you have become the ultimate support
system and a second home where the author could always lean and seek

comfort amidst the hustle and bustle of this migrant city.

X



10.

11;

The author also wishes to express sincere gratitude for the unforgettable bond
of friendship, mutual support, and beautiful togetherness shared during these
university years to: Rhimba Aulia, Cinta Ramayanti, Muhammad Fajar
Saputra, Ade Rizky Panjaitan, Ananda Putra Wahyu Riyanto, and Habib
Nurrohmad Sugiharto (BTS). This relationship, which grew far beyond initial
expectations, has blossomed into a deeply meaningful emotional bond where
you were always ready to help, defend, and offer positive advice in various
difficult situations. May success, happiness, and blessings always accompany
your future steps.

High appreciation and immense gratitude are extended to Kak Tsabita Safana
Mustofa, a senior student who so kindly lent her time and thoughts to share
meaningful knowledge, provide insights regarding the research topic, and help
formulate the title of this thesis. She was constantly present as a patient mentor
whenever the author lost direction or felt overwhelmed by confusion.
Boundless thanks also go to Kak Sintya, who generously dedicated her time to
assist, guide, and responsively answer every single question and technical
difficulty the author encountered while completing this thesis.

Deepest thanks to Yoni Nada Fayakun, a loyal friend since junior high school
up to this very moment, who has always been there, consistently providing
support and standing by the author's side through thick and thin without ever
changing. Extreme gratitude to Putri Dwi Yulianti, a childhood friend who has
always reached out to help, accompany, and strengthen each other in every
endeavor for the sake of a brighter future. Thank you as well to the author's
dearest sister and childhood friend, Devanda Putri, who has always shown
incredible kindness and never grew tired of providing the best support for the
author.

Finally, the author wishes to extend the most sincere gratitude to themselves.
Thank you for possessing a resilient soul, for being willing to fight hard, and
for being capable of enduring the lowest points, overcoming exhaustion,
loneliness, and anxiety, until finally standing tall to complete this Bachelor’s

degree (S1) with pride.

X1



12,

13.

The author extends their gratitude to the entire faculty and lecturers of the
Informatics Study Programme for transferring invaluable knowledge,
academic insights, and life lessons during the university years. Thank you to
all fellow Informatics Students of the Class of 2022 for the togetherness,
solidarity, and assistance provided, whose names cannot be listed individually
without diminishing the author's immense respect. Deepest thanks to all
officers and members of HIMATIFA (Informatics Student Association) for the
2023/2024 and 2024/2025 periods, which served as an extraordinary platform
for the author to process, grow, and hone personal potential, particularly in
developing soft skills and leadership qualities.

In closing, the author conveys their most sincere thanks and respect to all
parties who cannot be mentioned individually, who provided direct or indirect
assistance, and who constantly sent prayers, enthusiasm, and positive
encouragement for the smooth completion of this thesis. May all the sincerity
and kindness given by everyone be rewarded with abundant blessings and the
best returns from Allah SWT. I love you all.

The author is aware that this thesis contains many shortcomings. Therefore,

constructive criticism and suggestions from all parties are greatly appreciated to
improve the quality of this thesis. Finally, despite the author’s limitations, it is
hoped that this report will be beneficial to all parties in general and to the author in
particular. Finally, with all the limitations that the author has, hopefully the

following report can be useful for all parties in general and the author in particular.

Surabaya, June 3, 2026
Author,

Dela Ayu Putri Mayona
NPM. 22081010008

Xii



TABLE OF CONTENTS

APPROVAL SHEET i
APPROVAL SHEET iii
STATEMENT OF ORIGINALITY \4
ABSTRACT vii
ACKNOWLEDGEMENTS ix
TABLE OF CONTENTS xiii
LIST OF FIGURE xvii
LIST OF TABLES xxi
CHAPTER I INTRODUCTION
L1: Backeround of the SUHY. coounmammamnasaismnannammm

—

[a—y

12 Problen: Formmilalbon . ommmsmmimm s st
13:  ReEsearch OBjECHVES v st
1.4. Significance of the Study........ccoovieiiiiiiiiiiiiiiiii e,
15 Seape and LImiaions . cwauammsmmmvsissmssimisias s
CHAPTER Il LITERATURE REVIEW

.0 | Previous ReSCarCh.......cciie ettt et e e e e ae e eens

2.2, The Javutiels SERph.cummimmnmmnmiimismiwsimmwenmidi i
2.3, Digital IMages.......ccccuiiiiiiiiiiciiiiiiiie e

Lo e e L B 7 | B S

24 IDpita] TR0 E PYOCEBSSIE . coxmmevsrss sosmssmmsvainss ivessoniosts s i ios aisis e

._.
]

I ]

[a—
p—

2.6.  Contrast Limited Adaptive Histogram Equalization (CLAHE) ......
I

—_
R A

2.8. NOrmMaliZation. .......coooiiiiiiiie e

— e
W oA A W

2012, Transtet LERENIRE. oo s ecssvsss s s o sasaimmeans
2,13, PYHhON...cciiiiiiiiie et e an
28 MebileNet o MIoDIENEIN L. ommmmmmmusanssmmossssmmsmmmm

=
(= N

Xiil



243,
2:186
2.1
2.18.
219,
220,

3.1,
3.2,
33
34.

34.1.
3k,
34.3.
34.4.
345.
3.4.6.

3.5,
3.5.1

352,
353
3.5.4.
335,
3.5.6.

3.6.
3
3.8
3.9

4.1.
4.2.

MABHIEINEBEY 2:csiismsmmmmeiisimsiimimssn s iisran
MODIIENEtV3 ...ttt
CONTUSION MBETIX . oo e s s e ek sty
TenSOTFIOW....c.eiiii e
BRASKG«coivonmcnesmessniinnins e s s vk s s R eSO R R R ROV
CHAPTER IITI METHODOLOGY

I | T L R S
T e AT R e B W v vsnn s R T S S R
Data CoOllECHION. c.ueeeiieeeeeeeeee ettt e et e e e esaeeeebabeeeeesreeaenrnns

PrEpIGERESIITE oo savamsssvmnsamass o somssms s ek s s ssaRS I ARR

MebileNetV o Fealure BRITaERIN. oo nsommessssscmmssmmos sy
¢ ICORVOIIEON s R R

Inveried Restlual BIoeK . ..cousunsmismsomnsomsosviinsssemiommi

Feature Map (7 X 7 X 576)....ccccuuveieriiiiiiniiniricsiccnisneeiscnneens
SVM Model DESIZN.....ccuiiiiiiiiiiiiiiicienieeie et
55 geioi gt BT T oy Lo U OO
MIGHET EVRINEION ooimmsimmmmsres i s e i
Web-Based System Implementation...........cccccevvvecieinieniinenncninenns
CHAPTER IV RESULTS AND DISCUSSION
PreproCessing......coueeuieiiiiiiiiiiiii ittt

MobileNetV 3 Feature BExtraction PIpeline......coossmesssusmssssssassmasors

X1V

Clhass BalhemBunnnnminnainmnnnsss
L2 5:Tc LB O S TP SO
Inia e ERRRICRIEI v st aimiieosiis
RESIZE....oeiiiiiiiiiicct e
INOE PRI TR «covusvanmsssmsmnmmsns v ausmi s vt s Ao S SRR H SR SRS

Drila SpHNE coosummaininassmmng

18
19
£
26
28
28
31
31
32
32
34
35
36
37
41
42
43

45
48
51
52
53
54
o
58
62
63
69
69
74



4.3, SVYM Model Traitifg. .. omamnmmmiinniasivwsnmisini

4.4.  Experimental Testing and Model Validation...........c.cccceeeienniennnnene

44.1. Expenmental Model Linear Kemiel,.... oo
442, Expetimental Model RBE Kernelc.oumnismnmsmisinsss

4.4.3. Experimental Model Sigmoid Kernel............cccooeiininiiiiinnnn.
4.5, Model BvaREIGN. ...cmummisnssimmmimss o st s
4.5.1. MobileNetV3-SVM with CLAHE Preprocessing..........cccccu....
4.5.2. Standalone MobileNetV3-SVM Architecture...........ccccecveruneeen
4.5.3. SVM Architecture with CLAHE Preprocessing............cccccueeuue..
4.5.4. Baseline Standalone SVM Architecture..........ccoeeveevuiivveccivcnnnns

45.5. Performance Comparison Across the Architectural...................

46, “Websiie Tnplemention . ocuvmnminsaimmmninmsinmasg

CHAPTER V CONCLUSION AND RECOMMENDATION

5.1. a7 116 L) o) 1 T e

5.2. ReCOMMENAAtION. ...civveeeeiiiiee ettt e et et e e e et e e e eesbeeeesnanes

REFERENCES

XV

7

83

83

108
177
246
247
251
256
260
264
265
281
281
282
283



LIST OF FIGURE

Fignre 2. 1. Javantae SCTPE..cssevsssmurmmmuussmsasmmnsssmsmasssmesess s e 8

Fignte 2.2. THape ACHUISTHON s u i s sateunaie suninse s sisp i sk suusiaiing 10
Figure 2.3. ML Types. ...couuiniiiiiiiiiiiiiiiiiciecceee e 13
Figure 2.4. MobileNet Architeotiife. ..o cnvsmnssmmnsswmessaisaars 16
Figure 2.5. MobileNetV2 Architecture............co.ouvuiiiiiiiiiiiiininan. 17
Figure: 2.6 MobileNetV3 Architeetiire. ... cosnomicssvonamsunumansnssssivsss 18
Figure 2.7, Nustration Hyperplane SVM. . nssuinsinmssa 22
Figure 2.8. Basic Flask Architecture..............ccooiiiiiiiiiinnnnn.. 21
Frpure 3. 1. Regeiich SHEEs .. covnamissmmerunsoncsmusmsmes i s sy i 28
Figure 3 2: Secondary dataset displayqnasnnnanesnnnnaass 29
Bipume 3.3, STAPS DU DIOCEEIIE s s s s s S S8 31
Figigie 3, Imppe ol CA LSRN, ccovcvvvvinomuvssssissiansssoraiies 33
Figure 3.5. CLAHE Result MatriX.........c.cooviiiiiiiiiiiiiiiieceeee, 37
Figure 3.6. Normalization Result MatriX. ......cccicaisanmamusassmisavias 38
Figure 3.7. MobileNetV3 Feature Extraction Flowchart...................... 41
Pignre 3.8, 3¢S kermel ConvoRIIOn. .. .. semmmmsmonnemmsssmsmasssssmmsse 42
Figuie 3.9, CaloulanonConVolGHON. ... covvmanmnmunnmanisassang 42
Figure 3.10. Calculation ResultsConvolution...............cooovviiiiininn.. 43
Figure: 3.11. DW Calculation Resulfs . ..osmusimmmnsvsirsaesimmusmusanamsos 44
Figiire 3.12. Seeond Chatinel PW. o smmnsinsitas s s i 45
Figure 3.13. PW Calculation Results............ccocoiiiiiiiiiiiii. 45
Figure 3,14, Feature EXpaniSion. ... c.civ v snisnssstinistin viva sus sas bans i 46
Figure 3.15. AfterDepthwise And Projection ..., 47
Figore 3.16. Resulisinverted Residual Blocke.....ussvssssummsonsus s 47
Figiiete 3.1 7. CalculabionSCaliig. ..o amsmninis it it siping 48
Figure 3.18. SVM Model Design.........c.coovuiuiiiiiiiiiiiiiiiiiiiiinans 50
Fipuie 3,19 Wirelranie HOME . ..c.covmsonammammmnssnemmsoms s 59
Figure 3.20.Wireframe Before Uploading Images....................c..oee 60
Figure 3.21. Wireframe After Uploading Image.....................coiinin. 61

Xvil



Figure 3.22 Wireframe Prediction Results............ccciiciiiiiiiiiiniiiniina 62

Figure 3.23. Wireframe About................oooiiiiiii 63
Figure 4.1. Image Results After CLAHE.........cccccciiiiiiminimnarocincans 66
Figuce 4.2, Tinage BeSultsRESIVE. . oo amsinmimmis s iiaaiasyis 67
Figure 4.3. Normalized Image Results............c.oooooiiiiiiiiiin.. 68
Figure 4.4. Data Division Results. ... cowsiamammssmmissssmmmssommsomsssvns 69
Figure 4.5. MobileNetV3 Feature Extraction Results......................... 71

Figure 4.6. Results of the Linear Kernel Test for the 80:20 Dataset......... 80
Figure 4.7.Confusion Matrix Best Linear Kernel Model 80:20............... 81
Figure 4.8. Results of the Linear Kernel Test for the 70:30................... 82
Figure 4.9.Confusion MatrixBest Linear Kernel Model 70:30............... 83
Figure 4.10. Linear Kernel Test Results for 60:40 Dataset Proportion...... 84
Figure 4.11.Confusion MatrixBest Linear Kernel Model 60:40............ 85

Figure 4.12. RBF Kernel Test Results for 80:20 Dataset Proportion......... 87
Figure 4.13.Confusion MatrixBest RBF Kernel Model 80:20................ 88
Figure 4.14. RBF Kernel Test Results for 70:30 Dataset Proportion......... 89
Figure 4.15.Confusion MatrixBest RBF Kernel Model 70:30................ 90

Figure 4.16. RBF Kernel Test Results for 60:40 Dataset Proportion......... 91

Figure 4.17.Confusion MatrixBest RBF Kernel Model 60:40................ 92

Figure 4.18. Sigmoid Kernel Test Results for 80:20 Dataset Proportion 95
Figure 4.19.Confusion MatrixBest Sigmoid Kernel Model 80:20.......... 96

Figure 4.20. Sigmoid Kernel Test Results for 70:30 Dataset Proportion.... 97
Figure 4.21.Confusion MatrixBest Model of Kernel Sigmoid 70:30.......... 98
Figure 4.22. Sigmoid Kernel Test Results for 60:40 Dataset Proportion.... 99
Figure 4.23.Confusion Matrix Best Sigmoid Kernel Model 60:40.......... 100
Figure 4.24 .Classification ReportModel with PreprocessingCLAHE....... 104
Figure 4.25. Model Prediction Results with Preprocessing CLAY .......... 105

Figure 4.26. Wrong Letter Image in Model Prediction with CLAHE ...... 106
Figure 4.27.Confusion Matrix MobileNetV3-SVM Without CLAHE...... 108
Figure 4.28.Classification MobileNetV3-SVM Without CLAHE........... 109
Figure 4.29. Prediction Results of the Model Without CLAH............... 110

Xviil



Figure 4.30. Incorrectly Predicted Image of Model Without CLAHE ..... 111

Figure 4.210. Home Page Display..........ccoooiuiiiiiiiiiiiiiiiceae, 268
Fignre4.21 1. Prediction Page INSPIAY. ...ccvussmmmsassssnissmmsnssmasmnnss 269
Figure 4.212. Page View After Uploading Image.............c...ccovueneni 269
Figure 4.213. Prediction Results Page Display..............coooiiiiiiinin. 270
Frpure 4.214. Page View ADOHL. ccovvanamimmossmissmemsmsaims e soisis 271

X1X



LIST OF TABLES

Tabla 2, 1 ConPsiOn WEAEIIR . ..o soummsm s s s 24
Table3. 1. Javanese Seript DEREEE . ... cvsiiasaissavi s i s s eisasvin. 30
Table 3.2. Pixel Intensity Distribution..............coooeiuiiiiiiiiiiiiiennnnn.. 33
Table 3.3. Datd DHSHIIION. .o vimmmmes s massn s s s ey we i 38
Table 3.3. MobileNetV3 Components and Their Functions..................... 43
Table: 3. TERtIT D COIMPTOR «..cooowsesssimmssmsin e stk s & SRR NS5 59
THbIE 3.5, Peiformance EValuation ... nsaieismmsssims i itars s, 62
Table 4.1. Best Linear Kernel Model Performance.............................. 107
Table 4.2. Best Model Performance of RBF Kemnel..........ccc.covevinninnianis 176
Table 4.3. Best Performance of Sigmoid Kernel Model.......................... 245
Table 4.4. Model Testing Results with Preprocessing CLAHE................ 247
Table 4.5. Performance Evaluation Results of Model Schemes................ 264

Table 4.6. Testing on Javanese Script Prediction............c....coooeivie. 271
Table 4.7. Testing on Predicting Non-Javanese Script Letters.................. 278

XX1



