THE EFFECT OF DCGAN-BASED DATA
AUGMENTATION ON THE PERFORMANCE OF
EFFICIENTNET-B0 AND MOBILENETV2 IN
ANIMAL IMAGE CLASSIFICATION

SKRIPSI

OLEH:
FIETER BRAIN PASARIBU
2215101018

PROGRAM STUDI ILMU KOMPUTER (S1)
JURUSAN TEKNIK INFORMATIKA
FAKULTAS TEKNIK DAN KEJURUAN
UNIVERSITAS PENDIDIKAN GANESHA

® UUITE No. 11 Tahun 2008 Pasal 5 Ayat 1 "Informasi Elektronik dan/atau hasil cetaknya merupakan alat bukti hukum yang sah"
® Dokumen ini telah ditandatangani secara elektronik menggunaan sertifikat elektronik yang diterbitkan BSrE - BSSN, validitias doku men

elektronik ini bisa dicek menggunakan aplikasi mobile VeryDS oleh BSrE
® Cetakan dokumen ini merupakan salinan dari file dokumen bertandatan gan elektronik yang keabsahannya dapat diakses melalui scan
QRCode yang terdapat pada sertifikat ini.



® UUITE No. 11 Tahun 2008 Pasal 5 Ayat 1 "Informasi Elektronik dan/atau hasil cetaknya merupakan alat bukti hukum yang sah" )

® Dokumen ini telah ditandatangani secara elektronik menggunaan sertifikat elektronik yang diterbitkan BSrE - BSSN, validitias dokumen Balai Besar
elektronik ini bisa dicek menggunakan aplikasi mobile VeryDS oleh BSrE Sertifikasi

® Cetakan dokumen ini merupakan salinan dari file dokumen bertandatangan elektronik yang keabsahannya dapat diakses melalui scan A} Elektronik
QRCode yang terdapat pada sertifikat ini.




SKRIPSI

DIAJUKAN UNTUK MELENGKAPI TUGAS DAN
MEMENUHI SYARAT-SYARAT UNTUK
MENCAPAI GELAR SARJANA KOMPUTER

Menyetujui

Pembimbing |

Prof. Dr. Luh Joni Erawati Dewi, S.T., M.Pd.
NIP.197606252001122001

Pembimbing II

I Nyoman Saputra Wahyu Wijaya, S.Kom., M.Cs.
NIP.198910262019031004

® UUITE No. 11 Tahun 2008 Pasal 5 Ayat 1 "Informasi Elektronik dan/atau hasil cetaknya merupakan alat bukti hukum yang sah"

® Dokumen ini telah ditandatangani secara elektronik menggunaan sertifikat elektronik yang diterbitkan BStE - BSSN, validitias dokumen
elektronik ini bisa dicek menggunakan aplikasi mobile VeryDS oleh BSrE

® Cetakan dokumen ini merupakan salinan dari file dokumen bertandatangan elektronik yang keabsahannya dapat diakses melalui scan
QRCode yang terdapat pada sertifikat ini.




Skripsi oleh Fieter Brain Pasaribu ini
telah dipertahankan di depan dewan penguji
Pada tanggal 09 Maret 2026

Dewan Penguji

Ketu Ni Putu Novita Puspa Dewi, S.Kom., M.Cs., MIM.
ctua NIP.199410032020122015
Anegot Dr. Ni Wayan Marti, S.Kom., M.Kom.
geota NIP.197711282001122001
A ¢ Prof. Dr. Luh Joni Erawati Dewi, S.T., M.Pd.
nggota NIP.197606252001122001
I Nyoman Saputra Wahyu Wijaya, S.Kom., M.Cs.
Anggota NIP.19891026201903 1004

® UUITE No. 11 Tahun 2008 Pasal 5 Ayat 1 "Informasi Elektronik dan/atau hasil cetaknya merupakan alat bukti hukum yang sah"

® Dokumen ini telah ditandatangani secara elektronik menggunaan sertifikat elektronik yang diterbitkan BStE - BSSN, validitias dokumen
elektronik ini bisa dicek menggunakan aplikasi mobile VeryDS oleh BSrE

® Cetakan dokumen ini merupakan salinan dari file dokumen bertandatangan elektronik yang keabsahannya dapat diakses melalui scan
QRCode yang terdapat pada sertifikat ini.




Diterima oleh Panitia Ujian Fakultas Teknik dan Kejuruan
Universitas Pendidikan Ganesha
guna memenuhi syarat-syarat untuk mencapai gelar Sarjana Komputer

Menyetujui

Ir. Made Windu Antara Kesiman, S.T., M.Sc., Ph.D.

Ketua Ujian NIP.198211112008121001

I Nyoman Saputra Wahyu Wijaya, S.Kom., M.Cs.

Sekretaris Ujian NIP.198910262019031004

Mengesahkan,

Dekan Fakultas Teknik dan Kejuruan

Prof. Dr. Kadek Rihendra Dantes, S.T.. M.T.

NIP.197912012006041001

® UUITE No. 11 Tahun 2008 Pasal 5 Ayat 1 "Informasi Elektronik dan/atau hasil cetaknya merupakan alat bukti hukum yang sah"

® Dokumen ini telah ditandatangani secara elektronik menggunaan sertifikat elektronik yang diterbitkan BStE - BSSN, validitias dokumen
elektronik ini bisa dicek menggunakan aplikasi mobile VeryDS oleh BSrE

® Cetakan dokumen ini merupakan salinan dari file dokumen bertandatangan elektronik yang keabsahannya dapat diakses melalui scan
QRCode yang terdapat pada sertifikat ini.




DECLARATION

I hereby certify that the thesis entitled “The Effect of DCGAN-Based Data
Augmentation on the Performance of EfficientNet-B0 and MobileNetV2 in
Animal Image Classification” is the result of my own original work and has been
completed independently in accordance with academic integrity and ethical
research standards. This work has not been submitted in whole or in part for any
other degree or qualification. I fully understand and accept that any violation of
academic ethics, including plagiarism or misuse of sources discovered at any time
in the future, shall be entirely my responsibility and may result in academic or legal

sanctions in accordance with applicable regulations.

Singaraja, May 11 2026

Writer of the thesis

Fieter Brain Pasaribu

NIM 2215101018



PREFACE

The author would like to express sincere gratitude to God Almighty for His
blessings, guidance, and grace, which enabled the completion of this thesis entitled
“The Effect of DCGAN-Based Data Augmentation on the Performance of
EfficientNet-B0 and MobileNetV2 in Animal Image Classification”. This thesis
was prepared as one of the requirements for obtaining a Bachelor’s degree in
Computer Science at the Computer Science Study Program, Faculty of Engineering

and Vocational, Universitas Pendidikan Ganesha.

The author realizes that the completion of this thesis would not have been
possible without the support, guidance, encouragement, and assistance of many
individuals. Throughout the process of conducting and writing this research, the
author received valuable support, both morally and materially, from various parties.

Therefore, the author would like to express sincere appreciation and gratitude to:

1. Prof. Dr. I Wayan Lasmawan, M.Pd., as Ganesha University of Education
Rector, for providing academic facilities and an environment that supports
learning and research at Universitas Pendidikan Ganesha.

2. Dr. Kadek Rihendra Dantes, S.T., M. T., Dean of the Faculty of
Engineering and Vocational, for administrative support and academic
guidance throughout the study period.

3. Dr. Putu Hendra Suputra, S.Kom., M.Cs., Head of the Computer Science
Study Program, for guidance, academic direction, and support during the

completion of this thesis.



Prof.Dr. Luh Joni Erawati Dewi, S.T., M.Pd., as Thesis Supervisor I, for
her guidance, patience, constructive feedback, and motivation throughout
the research process. The author also expresses sincere gratitude for the
support and opportunities given to continuously learn and grow during the
academic journey.

I Nyoman Saputra Wahyu Wijaya, S.Kom., M.Cs., as Thesis Supervisor 11
and Head of the Study Program, for his suggestions, technical guidance,
and support in refining this research. The author also sincerely appreciates
the trust given in allowing the use of the Computational Laboratory
facilities to support the completion of this thesis.

Ni Putu Novita Puspa Dewi, S.Kom., M.Cs., MIM., as Examiner I, for her
valuable critiques, suggestions, and recommendations that contributed
significantly to the improvement of this thesis.

Dr. Ni Wayan Marti, S.Kom., M.Kom., as Examiner II and Academic
Advisor, for her assistance, guidance, and continuous support even before
the thesis preparation process began.

Prof.Dr. Gede Rasben Dantes, S.T., M.T.I., for his attention, assistance,
and support throughout the author’s academic journey, which greatly
helped the author in completing this study successfully.

Dr. Agus Aan Jiwa Permana, S.Kom., M.Cs., as Head of the
Computational Laboratory, for providing access and laboratory facilities

that supported the completion of this thesis.

1



10.

1.

12.

13.

14.

15.

16.

17.

18.

Kadek Yota Ernanda Aryanto, S.Kom., M.T., Ph.D., for the valuable
insights, perspectives, and suggestions shared with the author throughout
the study period.

All Lecturers of the Computer Science Study Program, for the knowledge,
guidance, and inspiration provided during the author9s academic journey.
The author’s mother, Mustiah, for all the prayers, sacrifices, support, and
pride continuously given to the author throughout the completion of this
study.

The author’s father, Eduard Pasaribu, for all the effort, struggles, and hard
work devoted to supporting the author in completing this education.

The author’s older brother, Firnanda, for the sacrifices, support, and
guidance provided throughout the author’s academic journey until the
completion of this study.

The author’s older brother, Agus, for the assistance and support provided
during the author’s period of study.

The author’s older brother, Ford and family, for their support and
assistance throughout the author’s academic journey.

The author’s older sister, Reni, for continuously giving encouragement,
pride, and support to the author until the end of this study period.

The author’s friend, Ai, who accompanied the author throughout every
stage of the thesis process and provided many valuable lessons about

sincerity and genuine care.

11



19. The author’s friend, Pande, who accompanied the author during the thesis
process and provided assistance in various matters outside the academic
process.

20. The author’s friend, Ciko, who provided insights, suggestions, and
guidance regarding the thesis preparation process, which greatly helped
the author complete this thesis successfully.

21. Other Supporting Parties, whose contributions, either directly or indirectly,

have supported the successful completion of this research.

The author realizes that this thesis is still far from perfect due to the
limitations in knowledge and experience. Therefore, constructive criticism and
suggestions are greatly appreciated for the improvement of this thesis. The author
sincerely hopes that this research can provide useful contributions, especially to the
development of education and the advancement of knowledge in the field of

computer science.

Singaraja, May 11 2026

Author

Fieter Brain Pasaribu

v



LIST OF CONTENTS

LIST OF CONTENTS ..ottt ettt ettt e e e enaee e es v
LIST OF TABLES. ... .o ettt e e e e vii
LIST OF FIGURES. ......ooiiiiiet ettt e e viii
LIST OF APPENDICES.....c.utitiiiiieei ettt e X
CHAPTER T INTRODUCTION .....cvtiiieiieriieeeeceee e ettt ee e e ee e e 12
1.1 Back@round...........ccueiiiiiiiieii ettt 12
1.2 Problem Identification ...........ccccooiiriiiiiiiiieee e e eene e 15
1.3 Research QUESHIONS .........uvuiusiieiieeneeete et ee et e eeee e e eeeeee e e e e eeeeaneeeas 15
1.4 Scope Of the STUAY ...vveeiviieeeiieiiee et e e e e ae s e 16
1.5 Research ODJECLIVES ......ccuuuvviiinaibine e iieiieeieeeeeeiiieeee e 16
1.6 Research SignifiCance ....uuuee ittt 17
CHAPTER II LITERATURE REVIEW ... . i 18
2.1 Related WOTK ...t e et et e e 18
2.2 TREOTTHICAl TEVIBW «.eveeneiieeiiiieiiieie s ettiie e e e e ek e s e s et eeeeneeaeeeeean e eaeeeens 20
2.2.1 STL-T(_—_— A e N G .......................coc.. 20
2.2.2 Generative Adversarial Network (GAN) ....oouvevvniiiiieiiiiiiieeeeeeeeeeeeees 22
2.2.3 Deep Convolutional Generative Adversarial Network (DCGAN)....... 23
2.2.4 Deep LEarNINE ..ccco.uueeiiieiiieetneaisee e setsitaeaeeeeeeeeeinineneaeaeteeeeaaaeaeeas 25
2.2.5 Convolutional Neural Network (CNN) ...........cccevviviierneeiiiienieieeennn 26
2.2.6 EfficientNet-BO0 ..........cooiiie et e 27
2.2. 7T MODBIUENECEV 2. e e 28
2.2.8 CONTUSION MALITX . .e.uutiiieeeeiiiiiieiiiie e et eiiee e e e e e e eeeeee e e e eaeeeeeeeneeneee e 29
2.2.9 Fréchet Inception DiStance ...........ccccuvvviiiuiiiiiieeeieieeciiiiiieeeeee e 31
2.2.10 INCEPLION SCOTC ...ceeveiiiiiiiiiiieeee e et eeeeans 33
CHAPTER III METHODOLOGY ....uvitiiieeiieeeeeie et sveeea e 35
3.1 Research Time and Place...........cocouiuiiiiiiiiiiiiii e 35
3.2 Research Stages ........uuuuuieiit e e e e e e 35
3.3 Research Stage for DCGAN .......oooiiiiiiiiiieee e 37
3.3.1 Collect Dataset for DCGAN ......cccceiiimiiiiiiiiiiiiiee et 38
3.3.2 Data Preprocessing for DCGAN.........uoiiiiiiiiiiiiiiieiiiiieeeeee e 38



3.3.3 Training for DCGAN ......ouviiiiiiiiiieie ettt e e e eae e e 42

3.3.4 Validation for DCGAN.......cccooiiiiiee et 46

3.4 Research Stage for Classification Model ............ccccoeviiiiiiiiiiiiiiiiiieieinne, 47
3.4.1 Collect Dataset for Classification Models ............ccccuveeeeriiniiinennnnn. 47
3.4.2 Data Preprocessing for Classification Models ............cccccceeeeieineennnnnes 48
3.4.3 Training for Classification Models...........cccceeveieiiiiiiiiiiiie e 55
3.4.4 Validation for Classification Models ............coccvuiriiniiiiciiiiniiiiienn, 63
3.4.5 Testing for Classification Models.............ceeeiimiiiiiiiiiiiiiiiiiieicee, 64
3.4.6 Evaluation for Classification Models ............coooiiiiiiiiiiiiiiiiinnc, 65
CHAPTER IV RESULT AND DISCUSION ....ccccooiiiiiiiininieeieneei e 67
4.1 DCGAN Results for Each Class.........ccoooiiiiiiiiiiiiiiiiiiii e, 67
4.1.1 DCGAN fOr Cat Class...... ciiueiuueenieeee et et ee e 67
4.1.2 DCGAN for Deer Class.......ccoeeiiiiiiiie i e 70
4.1.3 DCGAN forDOg Class wieoeiesiiiinire e eiiieeeesieeeniieeeirieeeeeeeeneesrvsnenees 72
4.1.4 DCGAN f0r HOrse Class. .......ccoeteeiiiiiite et e e 74

4.2 Classification Models Results Using Original Data.................................. 76
4.2.1 Hyperparameter TUNINE. .........oeeeeeeirreeiiiiiiineeinanieeeeeeeeeeeeeeeeiieeeeeene 77
4.2.2 Classification REPOIt. . ...........cooiiiiiimiiiiiiiiieeeeieeeeeecieeeee e e e vee e 79
4.2.3 Analysis of Classification Performance on Original Dataset .............. 83

4.3 Classification Models Results Using Various Synthetic Ratios of Data..... 90
4.3.1 Synthetic Data Classification Report...............ccooovviiieiiiiiiiiiienininnnnn. 90
4.3.2 Analysis of Classification Performance on Synthetic Data................. 92

4.4 Research WeaknesSes ......ouuueieeeiiieeeeiiee et et 95
CHAPTER V CLOSING ..ottt eetee ettt v e e 97
5.1 CONCIUSION. ..ttt e e 97
5.2 SUGEESLION ...evviiiiiiiiieeeee e e et tee e rtte e e eeese e e eeatarreeeesaeeeeesssneseennesssaeeeeas 98
BIBLIOGRAPHY ...ooiiiiiie ittt et e 99
APPENDICES ... ettt e 102
BIOGRAPHY ..o ettt e e 110

vi



LIST OF TABLES

Table 2.1 Sample Images of STL-10 Dataset........ccceeeeeeeeeieeeiveeeiieieeeeeeeveennins 21
Tabel 3.1 Augmentation Technique Implementation for DCGAN...................... 39
Tabel 3.2 DCGAN’s Dataset Before and After Traditional Augmentation .......... 40
Tabel 3.3 Examples of DCGAN’s Image Traditional Augmentation .................. 40
Tabel 3.4 Generator Layer ........cccceiiiiiiiiiiee et e e e 44
Tabel 3.5 Discriminator Layer..........cooeeiiiiniiiiiiiieeee et eeee e e e 44

Tabel 3.6 Augmentation Technique Implementation for Classification Models .. 49
Tabel 3.7 Classification’s Dataset Before and After Traditional Augmentation... 50
Tabel 3.8 Examples of Model Classification’s Image Traditional Augmentation 51

Tabel 3.9 Number of Synthetic Data Generated by DCGAN ..........ccccccevvnnnnen. 53
Tabel 3.10 Amount of Data in Each Scenario Dataset ................cccceveeeeeieennnne. 54
Tabel 3.11 EfficientNet-BO Architecture Layers .........oeccvvvvvienereeiiieiiiiieeeinanns 57
Tabel 3.12 MobileNetV2 Architecture Layers........couvvrveeiineeeeeeeeeeeiiiee e, 59
Tabel 3.13 Confusion MALEIX ......cuoirieeiireeiiiiiieai e et eeeentee e eeeeeieeiie e eaeeeee e 65
Tabel 4.1 Classification Models Tuning Hyperparameter .................................. 78
Tabel 4.2 EfficientNetB0 Classification Report .......ccccco oo 81
Tabel 4.3 MobileNetV2 Classification Report «......coeoeerieiiiieiiiiieiieeei i 83
Tabel 4.4 Classification Models Performance on Synthetic Data ....................... 90

vil



LIST OF FIGURES

Figure 2.1 HOW GAN WOTKS.......uoiiiiiiiiiiitiecii e et e e 22
Figure 2.2 DCGAN ATrChiteCture..........ueevueiiiiiiniiiiiiie et st 24
Figure 2.7 Confusion MatriX..........ueeriiiiieiiiniiiiieee et e 30
Figure 3.1 Research Stage Without Synthetic Data ...........cccooocceinniiiiiinnnns. 35
Figure 3.2 Research Stage With Synthetic Data..........ccccoooeveviiinniiiieinnnnne, 36
Figure 4.1 Cat Images for DCGAN Training ..........coceeveeeeiniineeeeneeeeeiiceiieeen. 68
Figure 4.2 Cat Images Generated by DCGAN ........ccoooiiiiiiiniiiiiiiie e 69
Figure 4.3 Deer Images for DCGAN Training ........occcvveeeeeeniieeeenneieeeniennieeeenn 71
Figure 4.4 Deer Images Generated by DCGAN .......cccoeieiiiiiniiiiiiiiniciiie e 71
Figure 4.5 Dog Images for DCGAN Training ...........cccevveeriinieiiiniiiinceieiinnnnn. 73
Figure 4.6 Dog Images Generated by DCGAN............cccevviiiiiiieiiiiiiiee e, 73
Figure 4.7 Horse Images for DCGAN Traiing ..c.....ccieeeeeveivnnniiieeeeeeeeneeeennnnns 75
Figure 4.8 Horse Images Generated by DCGAN .....coooviiiinniiiiiniiiiiiiie e 75
Figure 4.9 EfficientNetB0’s Confusion Matrix ........o.oeeeeiiriiieeeeniiiieee e, 80
Figure 4.10 MobileNetV2’s Confusion MatriX........oocovveeeriniiiiieinivieeeeeeeen. 82
Figure 4.11 t-SNE visualization using EfficientNet-BO........................c.c.coo 84
Figure 4.12 Linear SVM Decision Boundary on PCA for EfficientNet-BO0......... 85
Figure 4.13 Examples of Data Points Overlapping with Other Classes .............. 85
Figure 4.14 Examples of Data Points Well-Separated from Other Classes.......... 86
Figure 4.15 Classification Results using EfficientNet-BO................cccccoevnnnee. 86
Figure 4.16 Figure 4. t-SNE Visualization using MobileNetV2 ..............cc........ 87
Figure 4.17 Linear SVM Decision Boundary on PCA for MobileNetV2............ 87
Figure 4.18 Examples of Data Points Overlapping with Other Classes .............. 88
Figure 4.19 Examples of Data Points Well-Separated from Other Classes.......... 88
Figure 4.20 Classification Results using MobileNetV2 ..........ccccooeieiiiiiniiinnnn.... 89
Figure 4.21 Training 15x vs Test distribution using MobileNetV2..................... 92
Figure 4.22 Training 15x vs Test distribution using EfficienNet-BO................... 93

viii



Appendix
Appendix
Appendix
Appendix
Appendix
Appendix
Appendix
Appendix
Appendix
Appendix

LIST OF APPENDICES

1. Synthetic Data for Cat Class............ccceeveeuiriiniieiiieeeieiee e,

2. Synthetic Data for Deer Class............ceeeviieieeiiiiiiiiiiieeeeeeeee s

3. Synthetic Data for Dog Class ........c.ueevviiieiiiiniiiieiiii e

4 Synthetic Data for Horse Class..........ccccceeeeiiiieiiiiiiiiieieieei
5. Code Snippet of DCGAN Generator Architecture ............c..c.......
6. Code Snippet of DCGAN Discriminator Architecture .................

7. Code Snippet for Generating Synthetic Data............c....cceeeennn..
8. Code Snippet of EfficientNet-B0O Classification Model................
9. Code Snippet of MobileNetV2 Classification Model...................

10. Source Code

X



