GENETIC ALGORITHM POWERED DEEP LEARNING FRAMEWORK WITH U-NET AND RESNET-18
FOR CERVICAL CANCER CELLS
CLASSIFICATION
Saarah Agiilah Sihabuddin, Wahyono, Ph.D.
UNIVERSITAS

GADJAH MADA Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

TABLE OF CONTENTS

THESIS DEFENSE VALIDITY STATEMENT .....cccvevvinsinsensuensenssessacssansessansses i
STATEMENT OF ORIGINALITY ..cccvervinrunssensessanssessanssssssesssnssssssssssssasssssssssss ii
PREFACE ...cuuuiiiuinnininsuinensisssissassssssissssssessssssssssssssssssssssssssssssssssssssssssssssssssass iii
TABLE OF CONTENTS ..ccuuiiiiiiinniiensnnicnsnnicssssicssssssssssesssssssssssssssssosssssssssssssssssss iv
LIST OF TABLES ....coooutiiiiiiinnticnsnnicssnnicssssicsssssssssssssssssssssssssssssssssssssssssssssssssnss vii
LIST OF FIGURES ......uuoiniiiurinnrnninssnnicssnnicsssnicssssssssssssssssssssssssssssssssssssssssses viii
ABSTRAK (INDONESIA) c.ccoiciviiiisnninsnncssssncssssnssssssssssssssssssssssssssssssssssssssssssssssss X
ABSTRACT .auueiiiniiiinnnicssnnicssssncssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss xi
CHAPTER I INTRODUCTION...cciceivurcssnicssnrcssssssssssssssssssssssssssssssssssssssssssssssses 1
1.1  Research Background...........cccccecieiiiiiiieniieiieriecieeee e 1
1.2 Research Problem .........ccooiiiiiiiiiinieiieeeeeeee e 4
1.3 ReSarch ODJECLIVES....cccuviiiiiiiieiieiie ettt ettt eteesaee e saeensees 4
1.4 RESCAICH SCOPES ..vviivvieiieiiieieeeiteite ettt ettt et seaeebeesaeeeseessneensaas 5
1.5 Research AdVantage..........cccveveieiieiieeiiieiieeieeree et sve e e sveeaeesaeennees 5
1.6 Research Writing StrUCUTC........cccuiiiiiiieeiiieeciie ettt eee e eaee e 6
CHAPTER II LITERATURE REVIEW .....uuuiiniiinnnicnsnicssnnicssnsssssasssssasssssassses 7
CHAPTER IIII FUNDAMENTAL THEORY ....ccovvveiicnnnnnniccnssnesicsssnssscsssssssces 18
3.1 Cervical Cancer DIagNOSIS ......cccerveriieriirienieienieneenie et 18
3.2 UsNECE ettt ettt bbbt n et na et nae s 18
3.3 RESNEL 18ttt et s 20
3.4 Support Vector Machine (SVM) ......cccceveriiriiniiiieniinieeeeeseeeee e 23
3.5  Genetic AIZOTTERM .....oouiiiiiiiiiiiiii e 24
CHAPTER IV RESEARCH METHODOLOGY ...uucoicvvuricrsnnicssnnesssnnecsnsessannes 26
4.1  Research DesCriPtion ......c.ceouiiiiieiiieniieiie ettt ettt e e ens 26
4.2 Data ACQUISTLION ....eveeueieeiiieiieeiieetie et eteesteeteesteeteesireebeesabeenseessseeseesnseens 28
4.3 Data PreproCESSING .......cccueeruierieeriieeieeiieeteesteesteesteesereeseessteeseessseenseesneeens 29

4.3.1  Data OrganiZing.........cccvveeerureeriireerireesieeesieeesseeessseessseeessseeessseesnns 29

4.3.2  Image RESIZING ...ccceieviieiiieiieeiiieieeeeete ettt 29

4.3.3  NOrmMalZation .........cooeeiiiiiiiiiieie et 29

4.3.4  Data SPIEHNG ..cveeeiieiieeieeeeee ettt 29
4.4 Proposed Methodology .........coocuieiiiiriiiiiiiiiieiee e 30

v



GENETIC ALGORITHM POWERED DEEP LEARNING FRAMEWORK WITH U-NET AND RESNET-18
FOR CERVICAL CANCER CELLS
CLASSIFICATION
Saarah Agiilah Sihabuddin, Wahyono, Ph.D.
UNIVERSITAS

GADJAH MADA Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

4.4.1  U-Net MaSKING ...cccooerviiiiiiiiieiieiieeie ettt ens 30
4.4.2  Feature Extraction using ResNetl8 ..........ccccoevviieiiieecieeeieeeieeens 31
4.43  Genetic AIOTItRM........occuiiiiiiiiieiiee e 31
444  SVM (Support Vector Maching) .........ccceeevveeevieeeiireecieeeieeeiieens 36
4.4.5  Model Evaluation..........cocevieiierieniiieiieneeieseenieeeeee e 36
4.4.6  Evaluation MEtriCS .....ccccutercuiieriieeeiieesieeesreeeseveeeieeesaeeesereeesree e 37
CHAPTER V IMPLEMENTATION.....ccccevininsursrensunssanssessaessssssassanssassssssssssasss 38
5.1  Environmental SEtUP .......cceeeouiiiiiiiiiiiieeeeee e 38
5.2 Library IMPOrtS......cocieiiieriieiieiie ettt 38
TR B B T 1 72 T A PSSR 40
5.3.1 Dataset and GPU Configuration ............ccceeeveeviierieeneenceeenieenreennenn 40
5.3.2  Dataset InitialiZation ............ccccveeeiiieiiieeiieeeeeeee e 42
5.3.3  Data SPILHNG ...ccoveieiieiieeieeieeeee ettt 43
5.4  Ground Truth Visualization ............ccceeveeeeiieniieiienie e 44
5.5 UrNEE ettt ettt sttt st ennes 46
5.5.1  U-Net and Dataset Configuration ...........ccceeeeereevveneenerveeneeneenne. 46
552 U-Net ATChItECTUIC. .....evuietieieriieieeieeeee et 48
5.5.3  U-Net DICE FUNCtiONnS ........cccceeeviieeiiieeiiie et 49
5.54  U-Net IoU FUncCtions ..........cccceceeveevenieninienieneeeeeeneee e 50
5.5.5 U-Net Training and Validation..........ccccceceevuerienenienienenienecneenne. 51
5.0 RESNEL...ciiiiiiiiiie ettt et ettt s 53
5.6.1  ResNet and Dataset Configuration ............ccccceeeevveeniieenseeenneeenne. 53
5.6.2  ResNet Fine Tuned Parameter ............ccccceeviieiieniienienieeceeeeen 55
5.6.3  ResNet Feature Extractions Function ...........ccccoeeveevciveniiieencneeennne. 56
5.7  Genetic AIZOTItRIM .......ooiiiiiieieee e 57
5.7.1  Genetic Algorithm Parameters..........cccccovervieriineniienieneniienieneennen 57
5.7.2  Genetic Algorithm Fitness Functions ...........ccccoeevveviieeniieencneeennne. 58
5.7.3  Genetic Algorithm Evolutionary Parameter ...........cccccoceevuervennenne. 58
5.8 EValUation .....coceiiiiiiiieiiceee e e 60
5.8.1  Evaluation Parameters ...........ccoceevienieiiiinieeiieniceceececeeen 60
CHAPTER VI RESULTS AND DISCUSSION .....ccirieseessancssesssasossasssasossasssns 62
0.1  Results 0N U-NEt.....ocooriiiiiiiiiiiieiieeeeeee et 62
6.1.1  U-Net Hyperparameter TUNing ..........ccceecvveeevveeeciieeneeeeeeeeeneeeenes 62
6.1.2  U-Net Training Results ..........ccceeriiiiiiiieniieiecieeeeeeeee e 63
6.1.3  U-Net Segmentation Results Visualization.............cccceevvvveeeneenee. 70
6.2 Results on ResNetl18 and U-Net Connection...........cccveeeveeeeeceveenneeencneeennnennn 72
6.3  Results on RESNEtI8.......cocuiiiiiiiiiiie e 73
6.3.1  ResNetl8 Fine Tuning Results ..........cccccceeeiienieniieniiiieieeeeee, 73
6.3.2  ResNetl8 Feature Extraction Results .........ccccoevvveeviiiiniieeniieeee, 75



GENETIC ALGORITHM POWERED DEEP LEARNING FRAMEWORK WITH U-NET AND RESNET-18
FOR CERVICAL CANCER CELLS
CLASSIFICATION
Saarah Agiilah Sihabuddin, Wahyono, Ph.D.
UNIVERSITAS

GADJAH MADA Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

6.4 Results on Genetic AlgOrithme.........c.ccccuiiiiiiiiiiiienieeeeeee e 76
6.4.1  Genetic Algorithm Base Parameter Results............ccceevevveenneennnne. 76
6.4.2  Genetic Algorithm Results on Population Variance ....................... 77
6.4.3  Genetic Algorithm Results Comparison ..........ccccceeeeevveeecveeenneeennne. 82
6.4.4  Comparison of Model Components (Ablation Study).................... 83
6.4.5 Comparison with Previous Study .........ccccceeeviieeiiienciieeieeeeeee, 85
0.5 DISCUSSION...cccutiiiiiieiiiee et e ette e et e e et e ste e e teeestaeessaeesaseessteeessseeessseeensseens 86
CHAPTER VII CONCLUSION ...ccoiininsuissensessenssessanssssssessssssssssssssssssssssssssssssss 89
7.1 CONCIUSIONS ...ovviieiiiieeiiee ettt et e et e et eeeaaeesataeesasaeeenseeesnneeas 89
7.2 Limitations and Future WOrks ..........ccccoevoiiiiiieeiiie e 90
133 033 9 L0 1€ 272N g & 1 92

vi



GENETIC ALGORITHM POWERED DEEP LEARNING FRAMEWORK WITH U-NET AND RESNET-18
FOR CERVICAL CANCER CELLS
CLASSIFICATION
Saarah Agiilah Sihabuddin, Wahyono, Ph.D.
UNIVERSITAS

GADJAH MADA Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

LIST OF TABLES
Table 2.1 Literature Review Summary Table.........c.ccoeviieiiieniiiiiiniieieieee 16
Table 4.1 SIPaKMeD Class Distribution ...........cccecoueerieenieeiiienieieenieecesieeieene 28
Table 4.2 Genetic Algorithm Parameters...........ccoevvveeeiieriieriienieeieeieeeeeie e 31
Table 5.1 Environmental Specifications ...........ccceeevuveeriiiieeieeeeiie e 38
Table 5.2 Dataset Splitting Results Detailed...........c.cccoveriieiiieniiiiieniieieieeee 44
Table 6.1 U-Net Hyperparameter............ccceereeeiienieeiiienieeieesiie e see e 62
Table 6.2 Full Training Results on U-Net..........ccoovieiiienieeniienieeieeieeeeeie e 63
Table 6.3 Training and Validation Loss Detail.........cc.cocovveiiiniiniininiinicncnene. 64
Table 6.4 Dice Detailed ReSUILS.........cccevieriiiiiiieiiiieeee e 65
Table 6.5 ToU Detailed ReSUILS ........c.coiiiiiiiiiiiiiieie e 67
Table 6.6 ResNet18 Fine Tuning Detailed Results..........ccccceevvieeieniieniienieeinens 74
Table 6.7 Genetic Algorithm Base Parameter Results.........c.ccoceveeviiiiniincnnnene. 76
Table 6.8 Genetic Algorithm Population Variance Results............cccceeevienieennnn. 77
Table 6.9 Genetic Algorithm CompariSON........c..ccoeeveriererrieriieneeneeieneeieeeeenne 82
Table 6.10 Ablation Study COmMPAariSON.........c.cccverveeriierieeiienieeseeeieereesveeeeens 84
Table 6.11 Comparison with Previous Study..........cccceeiiniiiiniinininiinicenene 85

vii



GENETIC ALGORITHM POWERED DEEP LEARNING FRAMEWORK WITH U-NET AND RESNET-18
FOR CERVICAL CANCER CELLS
CLASSIFICATION
Saarah Agiilah Sihabuddin, Wahyono, Ph.D.
UNIVERSITAS

GADJAH MADA Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

LIST OF FIGURES
Figure 2.1 Original pap SMear iMage .........ceoueererreerierienieenieeieneenieeeesieesee e 7
Figure 2.2 Binary mask pap SMear IMage........ccccueeevuveeereeenirieeeiieesreeesreeesveeenenens 8
Figure 2.3 Centroids of the areas of regional minima..........ccccceceeverevereeneenieneenne. 8
Figure 2.4 Framework for cervical cancer classification...........cccceeeveeerveeecveeennnen. 9
Figure 2.5 Building Block of Residual Learning..........cccceceevevieneeneenieniencnnene. 10
Figure 2.6 ResNet-50 with self-attention techniques...........ccceeeeveeeeciieeeieeenieenne, 11
Figure 2.7 Block Diagram of Cervical Cancer Recognition System..................... 13
Figure 2.8 Illustration of the Method Work of PCA ........cccooiiiiniiiiniicene 14
Figure 3.1 Basic U-Net ArchiteCture ............ccoceevieriininiienienenieniecceceeceeee 19
Figure 3.2 Resnet Basic ArChitecture. ........oovevuieieriieniieierieeceseeeeeee e 21
Figure 3.3 ResNet-18 ArchiteCture ..........coceeiiieiieiiiieieeieeeeeeee e 22
Figure 3.4 SVM IUSIration .......c..cccoeririniniiieieceneneeeseee e 23
Figure 4.1 Proposed Research Model ...........ccccooiiiiiiiniiiiiiiieeeeeee, 26
Figure 4.2 Dataset Sample IMage ..........ccceceeriieriiieiiieiecieeeeeeeee e 28
Figure 4.3 Resnet-18 as Feature EXtractor...........ccoceevevvenieneniicnicncccniccene 31
Figure 4.4 Genetic Algorithm (GA) Model Flowchart ...........ccooceviiniiiniinnnne. 33
Figure 4.5 Chromosome ENcoding .........ccccoceeveriiriineniiniinienicnececceece e 33
Figure 4.6 Fitness Function ASSIZNMENLS .........ccceeriieriinieeniienieenieeieeneeeiee e 34
Figure 4.7 Selection of Parents ...........ccceecueeieriiiiniinenicneeeeeescceeceese e 34
Figure 4.8 Crossover Single Point ..........cccoceviiiiiniininiiniiiicecceecee 35
Figure 4.9 Bit flip MULAtIONS ....ccverviriiiiiiiiiieeeteeceeee e 35
Figure 4.10 SVM THUSTration ......cocooviiiiieiiiiiiiiienicieeceee e 36
Figure 5.1 Library Import Part 1., 39
Figure 5.2 Library Import Part 2.........cccooviiiiiiiiiiiceeececece e 40
Figure 5.3 Dataset Configuration.............coceeviiiiiiiiiiniiiieeeeeee e 41
Figure 5.4 GPU InitialiZation ..........cocoeviriiriiniiiieniiieeieeeeieseseeeee e 41
Figure 5.5 Dataset Initialization..........coocueiiiiiiiiiiiiiieieceeee e 42
Figure 5.6 Dataset SPIHNG .....c.cooovieiiieiiieiieeieeee e 43
Figure 5.7 Dataset Splitting ReSults.........cccceeviieiciiiiniiiecieee e 44
Figure 5.8 Ground Truth Initialization...........ccceeveriininiiniinicecce 45
Figure 5.9 Ground Truth Visualizations ...........cccccoeceeiiiiiiiiiiineniceeeceee, 46
Figure 5.10 U-Net Configurations .........cccceeeererierienienienienieneeseesie e 47
Figure 5.11 U-Net Transformations............ccoecueeriiiieenieniieinieeeeeeeeeeeeee e 47
Figure 5.12 U-Net Architecture Part 1..........coocoeviiriiniiiiniiecccecce 48
Figure 5.13 U-Net Architecture Part 2.........ccccooiiiiiiiiiiiiiieeeeeeeee, 49



GENETIC ALGORITHM POWERED DEEP LEARNING FRAMEWORK WITH U-NET AND RESNET-18
FOR CERVICAL CANCER CELLS
CLASSIFICATION
Saarah Agiilah Sihabuddin, Wahyono, Ph.D.
UNIVERSITAS

GADJAH MADA Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

Figure 5.14 DICE and Cross Entropy Functions ............cccceeeeveeviienieeneenieeneenen. 49
Figure 5.15 DICE Per Class FUNCHION..........cceeeiiieeiiieciieeeee e 50
Figure 5.16 IoU Per Class FUNCHON........cc.oooieviiiiiriiiiiiiieiecee e 51
Figure 5.17 U-Net Training FUNCHONS..........cceeeiiiieiiieeiieeeieceee e 52
Figure 5.18 U-Net Validations FUnCtions ............cceceveevienienenienieneeeneeceene 53
Figure 5.19 ResNet18 Dataset Configuration ............ccceeveeeecvieeeiieenciieceiee e 54
Figure 5.20 ResNet18 Configuration with U-Net........c.cccoceviriiniininiiniencnene. 55
Figure 5.21 ResNet18 Fine Tune Configuration............cceeeeeveeeeciieeniieeeiee e 56
Figure 5.22 ResNet18 Feature Extractions Function ..........ccccceceveeveeiiniencnnene. 57
Figure 5.23 Genetic Algorithm Parameter............coceoeviiniininiiinicnieicniceene 58
Figure 5.24 Genetic Algorithm Fitness Function............ccoccevevviniinieiiniencnnene. 58
Figure 5.25 Genetic Algorithm Evolutionary Parameter ............ccccoocevcvinienennene. 59
Figure 5.26 Genetic Algorithm Mutation Function .........c..cccceecevieneniencencnnene. 59
Figure 5.27 Genetic Algorithm Save Function .........c.coceeveeveniiniincnicnecncnene. 60
Figure 5.28 Training and Validation Data Concatenation .............ccccceceeveenuennnene. 60
Figure 5.29 Test Set EXECULION ...c...ovuiiiiiiiiniiiieiicniicieeceiece et 61
Figure 6.1 Training and Validation Loss Graph ..........cccceeeeveriiiniininienienceene 65
Figure 6.2 Mean Dice Graph.........cccoceevieiiiniiiiiiiniiiceeeseceeeeeee e 67
Figure 6.3 Mean IoU Graph.........cccooooiiiiiiiiniiieeeeeeeeeee e 69
Figure 6.4 Mean Dice and IoU Graph Comparison .........c..cceceeceereenerieneenennene. 70
Figure 6.6 Predicted Mask vs Ground Truth Visualization .........cc..ccocceeviieennne. 71
Figure 6.7 Prediction Mask Confidence Map .......c..cccceevuerieneniinieneniicnecncnne 72
Figure 6.8 ROI Cropping ReSults .........cooouvieeiiiiiriiiieiieeeie et 73
Figure 6.9 ResNet18 Training Loss and Validation Accuracy ..........ccccceeevueennee. 75
Figure 6.10 ResNet18 Feature Shapes ..........ccocevvieriinieiiiiniiniiieniciececeeeee 75
Figure 6.11 ResNet18 Feature Projection Visualization..........cccccevceervieenienieennee. 76
Figure 6.12 Genetic Algorithm Results Visualization ...........cccccoceeveiiiniencnnnene. 80
Figure 6.13 Genetic Algorithm Classification Report ........cc.ccooceeviiniiininnenne. 81
Figure 6.14 Genetic Algorithm Confusion Matrix Report..........ccceeeeiiniincnnnene. 81

X



	TABLE OF CONTENTS
	LIST OF TABLES
	LIST OF FIGURES

