DAFTAR ISl

Halaman

HALAMAN JUDUL. ..ttt s i
LEMBAR PENGESAHAN SKRIPSI .....uuuiiuiiii s i
LEMBAR PERNYATAAN ...ttt ettt e e e e e et eaaeee e s e e e e e eaaeaaneeeesaeenneannnneens iii
ABSTRAK .. eeettetttttttttttttettee ettt ettt ettt ettt e ettt et e et e et et e e et e e e e e eeee e et ee e e e e eeennennnnnnnnee iv
KATA PENGANTAR ..oeiiii ettt e e e e e e e eeaaaee s e e e e e e e aeaaaaaeeeeeeeeennannnnnnnnas v
DAFTAR IST o s vii
DAFTAR TABEL ..t s Xi
DAFTAR GAMBAR ...ttt e XV
DAFTAR LAMPIRAN ...ttt s XXVi
BAB T PENDAHULUAN ...t 1
1.1.  Latar Belakang RanCangan .......ccoovvvvrvuiieieeeiirriiiiieeeeeeeeeeeevrnieeees 1

1.2. RUMUSAN RANCANEAN ...cvuiiiiiiiiiie e 4

1.3. Batasan RanNCangan......c.ciiuiiiii i 4

1.4.  Spesifikasi RANCANZAN ......uuviiiiiiiiiiiiiiiiiiiviieeeeeeeee e eeeereraeeeeae 5

1.5. Kegunaan RaNCaNEan .......ceeeureeiieieiiireiiineeiiererieeetnenennnesnnesennanenns 6

1.6. Rancanganyang Telah Dibuat.......ccccccoeeeiiiiiriiiiee e, 7

BAB Il LANDASAN TEORITIK ...ttt e 9
2.1. Sistem yang DiranCang ....ccuuuviiiiiiiiniiiiiiie et eerrie e eaa e 9

2.2. [T o Lo F 1Y T T =T I o SRRt 11

2.2. 1. MBIl 12

2.2.2.  CIEI@ s 12
2.2.1.1 Citra Digital cooeeeeeeeeeeeee e 14
2.2.1.2 Tipe Citra Digital.......uueeeiiiieieeeiiice e 15
2.2.1.3 Konversi Citra ke Citra Skala Keabuan..........ccceeevvevviiiiicienniennnn, 19

D R C - | [ =] o P 19

2.2.4.  DetekSi TEPI i it e a e e 21

2.2.5. Operator Sobel ... 22

2.2.6. Thresholding .....coooeiiiiiiii i 23

N SR T | ¢ 1|V, 11011 o - 2SS 24

Vii



2.2.8.  ClUSTEIING e s 25

2.2.9.  Metode DiVISIVE. ... s 27
2.2.10. Metode Single LINKAgE ... 28
2.2.11. Metode Average LiNKage ......cccceeeeeeiiiiiiiiiiiccicee e 30
2.2.12. Euclidean DiStanCe ......cccccceeeeeeriiiiiiiiiei s 32
2.2.13. Evaluasi SillNOULE ... 34
BAB 11l RANCANGAN DAN PEMBUATAN ...ttt e e 36
3.1. RanNcangan Sistem ... .ceue i 37
3.1.1. Perencanaan Sistem .....cciviiiiiiiiiiiiii e 37
3.1.2. ANQlisis SISTEM ...uuuiiiii s 38
3.1.3. Perancangan Sistem ......ccui i i 39
3.1.3.1. Rancangan Diagram Hirarki.......cccoeeeeeeiiiiiieiiiiieeeeiieeeeiiieee e, 39
3.1.3.2. Rancangan State Transition Diagram ........cccceevvieiviiiiiiiieeiie e, 40
3.1.3.3. Rancangan ANtarMukKa ..........ceeuvrieeeeeeerreeemiiiieeeeeeeeeeerniiieeeeeeeennns 40
3.1.3.4. Rancangan Basis Data........cccoevveueiiiiiiiiiii e 42
BAB IV RANCANGAN DAN PEMBUATAN ...ttt e e e 43
4.1. PeNGUJIAN ... e 43
4.1.1. Pengujian Black BoX T@StING ...cceeeeeeiiiiiiiiiiiiieeeeeeeeviiiieeeeeeeeeeeennnnes 43
4.1.2.  Perangkat PenguUjian ......cceuuuuieeiiiiiiiiieiiiiceee e 44
4.1.3. Pengujian Terhadap Fungsi Modul ........cccoeeeeiiiiiiiiiiiiienneiieneennnnn. 44
4.1.4. Pengujian Black BoX T@STING ...ceeeieieiieeiiiiiiiieeeeeeeeiiiiieeeeeeeeeveevanees 46
4.2 Pengujian Data......cccuiiiiiiiiiiin i 46
4.2.1. Pengujian Metode Average Linkage .......ccceeevveevvevivieiceneeeeeeeeeeen, 46
4.2.1.1 Pengujian Metode Average Linkage 2 cluster 30 Gambar............ 47
4.2.1.2 Pengujian Metode Average Linkage 2 cluster 50 Gambar............ 59
4.2.1.3 Pengujian Metode Average Linkage 2 cluster 60 Gambar............ 71
4.2.1.4 Pengujian Metode Average Linkage 3 cluster 30 Gambar............ 83
4.2.1.5 Pengujian Metode Average Linkage 3 cluster 50 Gambar............ 95
4.2.1.6 Pengujian Metode Average Linkage 3 cluster 60 Gambar.......... 107
4.2.1.7 Pengujian Metode Average Linkage 4 cluster 30 Gambar.......... 119
4.2.1.8 Pengujian Metode Average Linkage 4 cluster 50 Gambar.......... 125
4.2.1.9 Pengujian Metode Average Linkage 4 cluster 60 Gambar.......... 131
4.2.1.10 Pengujian Metode Average Linkage 5 cluster 30 Gambar.......... 137
4.2.1.11 Pengujian Metode Average Linkage 5 cluster 50 Gambar.......... 139
4.2.1.13 Pengujian Metode Average Linkage 5 cluster 60 Gambar.......... 141
4.2.2.1 Pengujian Metode Single Linkage 2 cluster 30 Gambar ............. 143
4.2.2.2 Pengujian Metode Single Linkage 2 cluster 50 Gambar ............. 155
4.2.2.3 Pengujian Metode Single Linkage 2 cluster 60 Gambar ............. 168
4.2.2.4 Pengujian Metode Single Linkage 3 cluster 30 Gambar ............. 180

viii



4.2.2.5 Pengujian Metode Single Linkage 3 cluster 50 Gambar ............. 193

4.2.2.6 Pengujian Metode Single Linkage 3 cluster 60 Gambar ............. 206
4.2.2.7 Pengujian Metode Single Linkage 4 cluster 30 Gambar ............. 219
4.2.2.8 Pengujian Metode Single Linkage 4 cluster 50 Gambar ............. 226
4.2.2.9 Pengujian Metode Single Linkage 4 cluster 60 Gambar ............. 233
4.2.2.10 Pengujian Metode Single Linkage 5 cluster 30 Gambar ............. 240
4.2.2.11 Pengujian Metode Single Linkage 5 cluster 50 Gambar ............. 242
4.2.2.12 Pengujian Metode Single Linkage 5 cluster 60 Gambar ............. 244
4.2.3 Pengujian Perbedaan CIUSEr ........uveeviiiiivieiiiicceeeeeeeeeeeee 246
4.2.3.1 Pengujian 3 Jenis Average Linkage .......ccceeeeevvvvvviviieeeeeeeeeeeinnne, 246
4.2.3.2 Pengujian 3 Jenis Single LINKage.........cccceeeeveeeeieeveriiieeeeeeeeeeeennnn, 251
4.3, Analisis Hasil PENGUJIaN .....ccccoeeivvveiiiiiieeeeeeeeeeecceee e 256
43.1 Hasil Pengujian Deteksi Tepi Sobel.........coovvvviiieeeeiiiiiiieiiinne. 256
4.3.2  Pembahasan Hasil Clustering Divisive Average Linkage ............. 261
4.3.3  Pembahasan Hasil Clustering Divisive Single Linkage ................ 265
4.3.4  Perbandingan Hasil Divisive Average dan Single Linkage. ........... 269
4.3.5 Pembahasan Hasil Clustering Dengan Evaluasi Sillhouette ........ 271
4.3.6  Waktu Pemroses Program Average Linkage .......cccceeeeeeeevrevnnnne. 286
4.3.7  Waktu Pemroses Program Average Linkage .......cccceeeeeeeevevennnne. 287

4.4.1  Grafik Error Metode Average dan Single Linkage 30 Gambar .... 289
4.4.2  Grafik Error Metode Average dan Single Linkage 50 Gambar .... 290
4.4.3  Grafik Error Metode Average dan Single Linkage 60 Gambar .... 291

BAB V KESIMPULAN DAN SARAN ......cttiiiiiie ettt e eeee e e e 293
5.1. KeSIMPUIAN .o 293
5.2. SArAN ittt 296
DAFTAR PUSTAKA ...ttt ettt ettt et e s e e s e e e e e 297
LAMPIRAN .ttt ettt ettt e ettt e e st e e e s e e e e s eneeeeeeennnreeeeanns 299
DAFTAR LAMPIRAN HIDUP ..ottt e e 431



Tabel 1 Tabel Kriteria Nilai Sillhouette

DAFTAR TABEL

Halaman

Tabel 2 Tabel Error Metode Divisive Average Linkage 2 Cluster...........cc.uuu....

Tabel 3

Tabel 4

Tabel 5

Tabel 6

Tabel 7

Tabel 8

Tabel 9

Tabel 10

Tabel 11

Tabel 12

Tabel 13

Tabel 14

Tabel 15

Tabel 16

Tabel 17

Tabel 18

Tabel 19

Tabel 20

Tabel 21

Tabel Error Metode Divisive Average Linkage 3 Cluster....................
Tabel Error Metode Divisive Average Linkage 4 Cluster....................
Tabel Error Metode Divisive Average Linkage 5 Cluster....................
Tabel Error Metode Divisive Single Linkage 2 Cluster .......cccoeeeeeeeeee.

Tabel Error Metode Divisive Single Linkage 3 Cluster .......ccceeeeeeeenens

Tabel Error Metode Divisive Single Linkage 4 Cluster ...........cccevvune...

Tabel Error Metode Divisive Average Linkage 5 Cluster.......c............
Tabel Perbandingan Rata Error Average dan Single 2 Cluster .........
Tabel Perbandingan Rata Error Average dan Single 3 Cluster .........
Tabel Perbandingan Rata Error Average dan Single 4 Cluster .........
Tabel Perbandingan Rata Error Average dan Single 5 Cluster .........
Tabel Perbedaan Cluster Pada 3 Jenis Mobil..........cccoeoiiiiiiieinnnnn.
Tabel Evaluasi Sillhouette 2 Cluster Average Linkage 30 Gambar....
Tabel Evaluasi Sillhouette 2 Cluster Average Linkage 50 Gambar....
Tabel Evaluasi Sillhouette 2 Cluster Average Linkage 60 Gambar....
Tabel Evaluasi Sillhouette 3 Cluster Average Linkage 30 Gambar....
Tabel Evaluasi Sillhouette 3 Cluster Average Linkage 50 Gambar....
Tabel Evaluasi Sillhouette 3 Cluster Average Linkage 60 Gambar....

Tabel Evaluasi Sillhouette 4 Cluster Average Linkage 30 Gambar....

272

272

273

274

274

275

276



Tabel 22

Tabel 23

Tabel 24

Tabel 25

Tabel 26

Tabel 27

Tabel 28

Tabel 29

Tabel 30

Tabel 31

Tabel 32

Tabel 33

Tabel 34

Tabel 35

Tabel 36

Tabel 37

Tabel 38

Tabel 39

Tabel 40

Tabel 41

Tabel 42

Tabel Evaluasi Sillhouette 4 Cluster Average Linkage 50 Gambar.... 276
Tabel Evaluasi Sillhouette 4 Cluster Average Linkage 60 Gambar.... 277
Tabel Evaluasi Sillhouette 5 Cluster Average Linkage 30 Gambar.... 277
Tabel Evaluasi Sillhouette 5 Cluster Average Linkage 50 Gambar.... 278
Tabel Evaluasi Sillhouette 5 Cluster Average Linkage 60 Gambar.... 278
Tabel Evaluasi Sillhouette 2 Cluster Single Linkage 30 Gambar ....... 279
Tabel Evaluasi Sillhouette 2 Cluster Single Linkage 50 Gambar ....... 279
Tabel Evaluasi Sillhouette 2 Cluster Single Linkage 60 Gambar ....... 280
Tabel Evaluasi Sillhouette 3 Cluster Single Linkage 30 Gambar ....... 281
Tabel Evaluasi Sillhouette 3 Cluster Single Linkage 50 Gambar ........ 281
Tabel Evaluasi Sillhouette 3 Cluster Single Linkage 60 Gambar ....... 282
Tabel Evaluasi Sillhouette 4 Cluster Single Linkage 30 Gambar ....... 283
Tabel Evaluasi Sillhouette 4 Cluster Single Linkage 50 Gambar ....... 283
Tabel Evaluasi Sillhouette 4 Cluster Single Linkage 60 Gambar ....... 284
Tabel Evaluasi Sillhouette 5 Cluster Single Linkage 30 Gambar ....... 284
Tabel Evaluasi Sillhouette 5 Cluster Single Linkage 50 Gambar ....... 285
Tabel Evaluasi Sillhouette 5 Cluster Single Linkage 60 Gambar ....... 285
Tabel Waktu Proses Program Menggunakan Average 2 Cluster...... 286
Tabel Waktu Proses Program Menggunakan Average 3 Cluster...... 286
Tabel Waktu Proses Program Menggunakan Average 4 Cluster...... 287

Tabel Waktu Proses Program Menggunakan Average 5 Cluster...... 287

Xi



Tabel 43

Tabel 44

Tabel 45

Tabel 46

Tabel 47

Tabel 48

Tabel 49

Tabel 50

Tabel 51

Tabel 52

Tabel 53

Tabel 54

Tabel 55

Tabel 56

Tabel 57

Tabel 58

Tabel 59

Tabel 60

Tabel 61

Tabel 62

Tabel 63

Tabel 64

Tabel Waktu Proses Program Menggunakan Single 2 Cluster ......... 287
Tabel Waktu Proses Program Menggunakan Single 3 Cluster ......... 288
Tabel Waktu Proses Program Menggunakan Single 4 Cluster ......... 288
Tabel Waktu Proses Program Menggunakan Single 5 Cluster ......... 288
Tabel Perbandingan Waktu Proses Average dan Single Linkage...... 288
Tabel Matriks Grayscale Citra Sedan .........cceuvveeeeieiiiiieiiiiiiieeeeeeenes 300
Tabel Hasil Biner Sobel Citra Sedan ..........ccccceeviiieiiniiieiciiieeeees 301
Tabel Hasil VeKtor DIVISIVE ........cccovcuiiieiiiiiieeeiieeee e 303
Tabel Hasil Perhitungan Jarak Eucledian Distance ..........ccccccvvvvennn... 305
Tabel Hasil Perhitungan Rata-rata lterasi 1.......ccccceveeeeeeeeerevevnnnnnnnne.. 306
Tabel 1terasi 1 DiViSiVE (1) .uuuueeeeeiiiiiieiiiiiieeeeeeeeeeereeee e 306
Tabel Hasil Perhitungan Rata-rata lterasi 2........cccceeeeeeeeeeeevveenvnnnnnnnn. 307
Tabel 1terasi 2 DiViSIVE (1) vuuuueeeiiieiiieeiiiiiieeeeeeeeeeereeee e 307
Tabel 1terasi 2 DiVISIVE (2) .euuveeeieiiiiiieiiiicieeeeeeeeeeieee e 308
Tabel 1terasi 2 DiVISIVE (3) .uuuueeeiiiiiiiiieiiiicieeeeeeeeeeeeee e 309
Tabel 1terasi 2 DiVISIVE (4) wuuuuueeeiieiiiiieeiiiieeeeeeeeeeeeeceee e 309
Tabel 1terasi 2 DiVISIVE (5) wuuuveviiiiiiiiieiiiiieieeeeeeeeeeiieee e 310
Tabel Hasil Perhitungan Rata-rata lterasi3.......ccccoceeeeeiiieeeieiiiinnnnn. 310
Tabel 1terasi 3 DiVISIVE (1) wuuuueeiiiiiiiiieiiiiiieeeeeeeeeeerceee e 311
Tabel 1terasi 3 DiVISIVE (2) wuuvveeeiiiiiiiiieiiiiiieeeceeeeeeee e 311
Tabel Hasil Pengelompokan Data Single Linkage ...........ccevvvvvvvnnnnn... 312
Tabel Nilai Minimum Single Linkage lterasi 1......cccccceevvivirriiiivnnnnnn... 313

xii



Tabel 65

Tabel 66

Tabel 67

Tabel 68

Tabel 69

Tabel 70

Tabel 71

Tabel 72

Tabel 73

Tabel 74

Tabel 75

Tabel 76

Tabel 77

Tabel 78

Tabel 79

Tabel 80

Tabel 81

Tabel 82

Tabel 83

Tabel 84

Tabel 85

Tabel 86

Tabel Iterasi 1 Single LiNKage.....cccoeeeveeiieiiic 313
Tabel Nilai Minimum Single Linkage Iterasi 2........cccceeeeeeevieccececnnnn 314
Tabel Iterasi 2 Single LiNKage.....ccooeeeeeeeeieieccccccc 314
Tabel Nilai Minimum Single Linkage Iterasi 3........cccceeeeeeiieiccecccinnn. 315
Tabel Iterasi 3 Single LiNKage........coovvevviiiieeeiiieeeeeiiceee e 315
Tabel Hasil Pengelompokan Divisive Single Linkage.........ccccccvvueen.... 316
Tabel Hasil Cluster (3 CIUSTEI)...ccccevvveeeiiieeeeeeeeeeeeceee e 318
Tabel Perhitungan a(i) CL ...uueeeeeiiiiieeiiiiceee e 318
Tabel Perhitungan b(i) C2 ....ueeeeeiiiiiieiiiiceee e 318
Tabel Pencarian Nilai Minumin C1 .......c.ccooiiiiiiiieeiiiieee e 318
Tabel Nilai Sillhouette Terhadap Cl......cccoeeveeiiiiveviiiiiieeeeeeeeeeiienee. 319
Tabel Nilai Sillhouette Terhadap C2.......coeeeveeeiiiveiriiiieeeeeeeeeeiiieenee. 319
Tabel Nilai Sillhouette C2 Terhadap Cl.....ccccoovvvevivvrieeeieeereeernrinnne. 319
Tabel Nilai Minimum C2 .......ccooiiiiiiiiiiiiiiiiieeeeeee e 319
Tabel Nilai Sillhouette Terhadap C2........cceeviiieiiiiiiiiciee e, 320
Tabel Folder Basis Data .........cccoivvviiiiiiiiiiiiiiiieieeeeee e 331
Tabel Input Basis Data..........uuceeiiiiiiiiiiiiicce e 331
Tabel Hasil Basis Data..........ccevviiiiiiiiiiiiieeeeiieeeieeeee e 331
Tabel Evaluasi Basis Data .........ccoovvviiiiiiiiiiiiiiececcee e 331
Tabel Modul HOME .......eeiiiiiiiiiiii e 336
Tabel Modul Input Citra ....couveeeiiiieeeeeccee e 336
Tabel Modul PENgUJian ......uuueeiiiiieeeceee e 337

xiii



Tabel 87

Tabel 88

Tabel 89

Tabel 90

Tabel 91

Tabel Modul Hasil Perhitungan Divisive Single Linkage...........c......... 338
Tabel Modul Hasil Perhitungan Divisive Single Linkage.................... 338
Tabel Modul TENtANE ... 339
Tabel Modul Bantuan..........cceeeiiiiiiiiiiiiieeeeeeeeeeeee e 339
Tabel Modul SUMMAIY ..o 339

Xiv



Gambar 1

Gambar 2

Gambar 3

Gambar 4

Gambar 5

Gambar 6

Gambar 7

Gambar 8

Gambar9

Gambar 10

Gambar 11

Gambar 12

Gambar 13

Gambar 14

Gambar 15

Gambar 16

Gambar 17

Gambar 18

Gambar 19

Gambar 20

DAFTAR GAMBAR

Halaman

Gambar Alur Diagram Sistem Single Linkage ..........ccuevvvevvvvevvveennnnns 10
Gambar Alur Diagram Sistem Single Linkage ..........ccuvvveevvevevevvennnnns 10
Gambar Piksel Nilai Biner .......ccccoveviiiiiiiiiiiieceeee e 16
Gambar Citra GraySCale ......cooevveeviiiieiiei e e 17
Gambar Citra Warna .......cceeeeeeeiiiieeeeeeee e 18
Gambar Konversi Citra Keabuan.........cceeevviiieiiniiiieeeeeceeeeen 19
Gambar Model Edge Satu DimMeENSi...cccccceevveerrriieineeeeeeeeeriiieeeeeeeennns 20
Gambar Proses Edge Detection ......ccceveeeeeveeeeviicieeeeeieeeeiiiieee e, 21
Gambar Single LINKage ....coovveiiiieeeiiiciic e 28
Gambar Single LINKage ........cuuvvvieeiiiiiiieeeiiieee e 30
Gambar Eucledian DiStanCe..........ccueeeeiiiiieeeiniiiiee e 33
Gambar lllustrasi Sillhoute ...........c.eeeeieiiiiii, 35
Cluster Bus dan Citycar Single 2Cluster (30 Gambar) ............cuvveeees 48
Cluster Bus dan Mpv Single 2Cluster (30 Gambar).......ccccceeeeeennnnne. 49
Cluster Bus dan Sedan Single 2Cluster (30 Gambar) ...........cevvveeees 50
Cluster Bus dan Truck Single 2Cluster (30 Gambar) ...........cevvvveeees 51
Cluster City dan Mpv Single 2Cluster (30 Gambar) ........ccccceeeennnnne. 53
Cluster Citycar dan Sedan Single 2Cluster (30 Gambar) ................. 54
Cluster Sedan dan Truck Single 2Cluster (30 Gambar) ................... 55
Cluster Mpv dan Truck Single 2Cluster (30 Gambar)........ccccvevveeees 56

XV



Gambar 21

Gambar 22

Gambar 23

Gambar 24

Gambar 25

Gambar 26

Gambar 27

Gambar 28

Gambar 29

Gambar 30

Gambar 31

Gambar 32

Gambar 33

Gambar 34

Gambar 35

Gambar 36

Gambar 37

Gambar 38

Gambar 39

Gambar 40

Gambar 42

Gambar 43

Cluster Sedan dan Mpv Single 2Cluster (30 Gambar).........ccccc....... 57
Cluster Sedan dan Truck Single 2Cluster (30 Gambar) ............cuuees 58
Cluster Bus dan Citycar Single 2Cluster (50 Gambar) ...........ceuvveees 60
Cluster Bus dan Mpv Single 2Cluster (50 Gambar).......ccccceeeeeennnnen 61
Cluster Bus dan Sedan Single 2Cluster (50 Gambar) .......ccceeeeeeeeens 62
Cluster Bus dan Truck Single 2Cluster (50 Gambar) .......cccceeeeeeeens 63
Cluster City dan Mpv Single 2Cluster (50 Gambar) .......cccoeeeeeeeeens 64
Cluster Citycar dan Sedan Single 2Cluster (50 Gambar)................. 66
Cluster Sedan dan Truck Single 2Cluster (50 Gambar) ......c............ 67
Cluster Mpv dan Truck Single 2Cluster (50 Gambar).......cccceeeeeenees 68
Cluster Sedan dan Mpv Single 2Cluster (50 Gambar).......ccceeeeennees 69
Cluster Sedan dan Truck Single 2Cluster (50 Gambar) ......ccc.......... 70
Cluster Bus dan Citycar Single 2Cluster (60 Gambar) .......ccceeeeennees 72
Cluster Bus dan Mpv Single 2Cluster (60 Gambar).........ccccceeeunnnne. 73
Cluster Bus dan Sedan Single 2Cluster (60 Gambar) .............evvveees 74
Cluster Bus dan Truck Single 2Cluster (60 Gambar) .............uevvveees 75
Cluster City dan Mpv Single 2Cluster (60 Gambar) ........ccccceeeeunnne. 76
Cluster Citycar dan Sedan Single 2Cluster (60 Gambar) ................. 77
Cluster Sedan dan Truck Single 2Cluster (60 Gambar) ................... 79
Cluster Mpv dan Truck Single 2Cluster (60 Gambar)..........ccccevveeees 80
Cluster Sedan dan Mpv Single 2Cluster (60 Gambar)..........cccceuue.ee 81
Cluster Sedan dan Truck Single 2Cluster (60 Gambar) ................... 82

XVi



Gambar 44

Gambar 45

Gambar 46

Gambar 47

Gambar 48

Gambar 49

Gambar 50

Gambar 51

Gambar 52

Gambar 53

Gambar 54

Gambar 55

Gambar 56

Gambar 57

Gambar 58

Gambar 59

Gambar 60

Gambar 61

Gambar 62

Gambar 63

Gambar 64

Gambar 65

Cluster Bus, Citycar dan Mpv Single 3Cluster (30 Gambar) ............ 84
Cluster Bus, Citycar dan Sedan Single 3Cluster (30 Gambar).......... 85
Cluster Bus, Citycar dan Truck Single 3Cluster (30 Gambar)........... 86
Cluster Bus, Mpv dan Truck Single 3Cluster (30 Gambar) .............. 87
Cluster Bus, Sedan dan Mpv Single 3Cluster (30 Gambar) ............. 88
Cluster Bus, Sedan dan Truck Single 3Cluster (30 Gambar)............ 90
Cluster Citycar, Mpv dan Truck Single 3Cluster (30 Gambar) ......... 91
Cluster Citycar, Sedan dan Mpv Single 3Cluster (30 Gambar) ........ 92
Cluster Citycar, Sedan dan Truck Single 3Cluster (30 Gambar)....... 93
Cluster Sedan, Mpv dan Truck Single 3Cluster (30 Gambar) .......... 94
Cluster Bus, Citycar dan Mpv Single 3Cluster (50 Gambar) ............ 96
Cluster Bus, Citycar dan Sedan Single 3Cluster (50 Gambar).......... 97
Cluster Bus, Citycar dan Truck Single 3Cluster (50 Gambar)........... 98
Cluster Bus, Mpv dan Truck Single 3Cluster (50 Gambar) .............. 99
Cluster Bus, Sedan dan Mpv Single 3Cluster (50 Gambar) ........... 100
Cluster Bus, Sedan dan Truck Single 3Cluster (50 Gambar).......... 102
Cluster Citycar, Mpv dan Truck Single 3Cluster (50 Gambar) ....... 103
Cluster Citycar, Sedan dan Mpv Single 3Cluster (50 Gambar) ...... 104
Cluster Citycar, Sedan dan Truck Single 3Cluster (50 Gambar)..... 105
Cluster Sedan, Mpv dan Truck Single 3Cluster (50 Gambar) ........ 106
Cluster Bus, Citycar dan Mpv Single 3Cluster (60 Gambar) .......... 108
Cluster Bus, Citycar dan Sedan Single 3Cluster (60 Gambar)........ 109

XVii



Gambar 66

Gambar 67

Gambar 68

Gambar 69

Gambar 70

Gambar 71

Gambar 72

Gambar 73

Gambar 74

Gambar 75

Gambar 76

Gambar 77

Gambar 78

Gambar 79

Gambar 80

Gambar 81

Gambar 82

Gambar 83

Gambar 84

Gambar 85

Gambar 86

Gambar 87

Cluster Bus, Citycar dan Truck Single 3Cluster (60 Gambar)......... 110
Cluster Bus, Mpv dan Truck Single 3Cluster (60 Gambar) ............ 111
Cluster Bus, Sedan dan Mpv Single 3Cluster (60 Gambar) ........... 112
Cluster Bus, Sedan dan Truck Single 3Cluster (60 Gambar).......... 114
Cluster Citycar, Mpv dan Truck Single 3Cluster (60 Gambar) ....... 115
Cluster Citycar, Sedan dan Mpv Single 3Cluster (60 Gambar) ...... 116
Cluster Citycar, Sedan dan Truck Single 3Cluster (60 Gambar)..... 117
Cluster Sedan, Mpv dan Truck Single 3Cluster (60 Gambar) ........ 118
Cluster Bus, City, Mpv, Truck Single 4Cluster (30 Gambar) .......... 120
Cluster Bus, City, Sedan, Mpv Single 4Cluster (30 Gambar) ......... 121
Cluster Bus, City, Sedan, Truck Single 4Cluster (30 Gambar)........ 122
Cluster Bus, Sedan, Mpv, Truck Single 4Cluster (30 Gambar)....... 123
Cluster City, Sedan, Mpv, Truck Single 4Cluster (30 Gambar) ...... 124
Cluster Bus, City, Mpv, Truck Single 4Cluster (50 Gambar) .......... 126
Cluster Bus, City, Sedan, Mpv Single 4Cluster (50 Gambar) ......... 127
Cluster Bus, City, Sedan, Truck Single 4Cluster (50 Gambar)........ 128
Cluster Bus, Sedan, Mpv, Truck Single 4Cluster (50 Gambar)....... 129
Cluster City, Sedan, Mpv, Truck Single 4Cluster (50 Gambar) ...... 130
Cluster Bus, City, Mpv, Truck Single 4Cluster (60 Gambar) .......... 132
Cluster Bus, City, Sedan, Mpv Single 4Cluster (60 Gambar) ......... 133
Cluster Bus, City, Sedan, Truck Single 4Cluster (60 Gambar)........ 134
Cluster Bus, Sedan, Mpv, Truck Single 4Cluster (60 Gambar)....... 135

Xviii



Gambar 88

Gambar 89

Gambar 90

Gambar 91

Gambar 92

Gambar 93

Gambar 94

Gambar 95

Gambar 96

Gambar 97

Gambar 98

Gambar 99

Gambar 100

Gambar 101

Gambar 102

Gambar 103

Gambar 104

Gambar 105

Gambar 106

Gambar 107

Gambar 108

Gambar 109

Cluster City, Sedan, Mpv, Truck Single 4Cluster (60 Gambar) ...... 137
Cluster Bus,City, Sedan, Mpv, Truck Single 5Cluster (30) ............. 138
Cluster Bus,City, Sedan, Mpv, Truck Single 5Cluster (50) ............. 140
Cluster Bus,City, Sedan, Mpv, Truck Single 5Cluster (60) ............. 142
Cluster Bus dan Citycar Single 2Cluster (30 Gambar) .....ccccec........ 144
Cluster Bus dan Mpv Single 2Cluster (30 Gambar).......cccceeeeeeeeens 145
Cluster Bus dan Sedan Single 2Cluster (30 Gambar) ......cccceeec.. 147
Cluster Bus dan Truck Single 2Cluster (30 Gambar) ......cccoeeeeeeees 148
Cluster City dan Mpv Single 2Cluster (30 Gambar) ......cccoeeeeeeenns 149
Cluster Citycar dan Sedan Single 2Cluster (30 Gambar) ............... 150
Cluster Sedan dan Truck Single 2Cluster (30 Gambar) ................. 151
Cluster Mpv dan Truck Single 2Cluster (30 Gambar).......ccceeeeeeees 152
Cluster Sedan dan Mpv Single 2Cluster (30 Gambar)................. 154
Cluster Sedan dan Truck Single 2Cluster (30 Gambar) ............... 155
Cluster Bus dan Citycar Single 2Cluster (50 Gambar) ................. 156
Cluster Bus dan Mpv Single 2Cluster (50 Gambar).........ccccuuu.... 157
Cluster Bus dan Sedan Single 2Cluster (50 Gambar) .................. 159
Cluster Bus dan Truck Single 2Cluster (50 Gambar) ................... 160
Cluster City dan Mpv Single 2Cluster (50 Gambar) ........ccccuuu.... 161
Cluster Citycar dan Sedan Single 2Cluster (50 Gambar) ............. 162
Cluster Citycar dan Truck Single 2Cluster (50 Gambar)............... 163
Cluster Mpv dan Truck Single 2Cluster (50 Gambar).................. 164

XiX



Gambar 110 Cluster Sedan dan Mpv Single 2Cluster (50 Gambar)................. 166
Gambar 111 Cluster Sedan dan Truck Single 2Cluster (50 Gambar) ............... 167
Gambar 112 Cluster Bus dan Citycar Single 2Cluster (60 Gambar)................. 169
Gambar 113 Cluster Bus dan Mpv Single 2Cluster (60 Gambar)..................... 170
Gambar 114 Cluster Bus dan Sedan Single 2Cluster (60 Gambar) .................. 171
Gambar 115 Cluster Bus dan Truck Single 2Cluster (60 Gambar) ................... 172
Gambar 116 Cluster City dan Mpv Single 2Cluster (60 Gambar) ..................... 173
Gambar 117 Cluster Citycar dan Sedan Single 2Cluster (60 Gambar) ............. 174
Gambar 118 Cluster Sedan dan Truck Single 2Cluster (60 Gambar) ............... 175
Gambar 119 Cluster Mpv dan Truck Single 2Cluster (60 Gambar).................. 176
Gambar 120 Cluster Sedan dan Mpv Single 2Cluster (60 Gambar)................. 178
Gambar 121 Cluster Sedan dan Truck Single 2Cluster (60 Gambar) ............... 179
Gambar 122 Cluster Bus, Citycar dan Mpv Single 3Cluster (30 Gambar) ........ 181
Gambar 123 Cluster Bus, Citycar dan Sedan Single 3Cluster (30 Gambar)...... 182
Gambar 124 Cluster Bus, Citycar dan Truck Single 3Cluster (30 Gambar)....... 183
Gambar 125 Cluster Bus, Mpv dan Truck Single 3Cluster (30 Gambar) .......... 185
Gambar 126 Cluster Bus, Sedan dan Mpv Single 3Cluster (30 Gambar) ......... 186
Gambar 127 Cluster Bus, Sedan dan Truck Single 3Cluster (30 Gambar)........ 187
Gambar 128 Cluster Citycar, Mpv dan Truck Single 3Cluster (30 Gambar) ..... 189
Gambar 129 Cluster Citycar, Sedan dan Mpv Single 3Cluster (30 Gambar) .... 190
Gambar 130 Cluster Citycar, Sedan dan Truck Single 3Cluster (30 Gambar)... 191
Gambar 131 Cluster Sedan, Mpv dan Truck Single 3Cluster (30 Gambar) ...... 192

XX



Gambar 132

Gambar 133

Gambar 134

Gambar 135

Gambar 136

Gambar 137

Gambar 138

Gambar 139

Gambar 140

Gambar 141

Gambar 142

Gambar 143

Gambar 144

Gambar 145

Gambar 146

Gambar 147

Gambar 148

Gambar 149

Gambar 150

Gambar 151

Gambar 152

Gambar 153

Cluster Bus, Citycar dan Mpv Single 3Cluster (50 Gambar) ........ 194
Cluster Bus, Citycar dan Sedan Single 3Cluster (50 Gambar)...... 195
Cluster Bus, Citycar dan Truck Single 3Cluster (50 Gambar)....... 196
Cluster Bus, Mpv dan Truck Single 3Cluster (50 Gambar) .......... 197
Cluster Bus, Sedan dan Mpv Single 3Cluster (50 Gambar) ......... 198
Cluster Bus, Sedan dan Truck Single 3Cluster (50 Gambar)........ 200
Cluster Citycar, Mpv dan Truck Single 3Cluster (50 Gambar) ..... 201

Cluster Citycar, Sedan dan Mpv Single 3Cluster (50 Gambar) .... 202

Cluster Citycar, Sedan dan Truck Single 3Cluster (50 Gambar)... 204

Cluster Sedan, Mpv dan Truck Single 3Cluster (50 Gambar) ...... 205
Cluster Bus, Citycar dan Mpv Single 3Cluster (60 Gambar) ........ 207
Cluster Bus, Citycar dan Sedan Single 3Cluster (60 Gambar)...... 208

Cluster Bus, Citycar dan Truck Single 3Cluster (60 Gambar)........ 209

Cluster Bus, Mpv dan Truck Single 3Cluster (60 Gambar) .......... 210
Cluster Bus, Sedan dan Mpv Single 3Cluster (60 Gambar) ......... 212
Cluster Bus, Sedan dan Truck Single 3Cluster (60 Gambar)........ 213
Cluster Citycar, Mpv dan Truck Single 3Cluster (60 Gambar) ..... 214

Cluster Citycar, Sedan dan Mpv Single 3Cluster (60 Gambar) .... 216

Cluster Citycar, Sedan dan Truck Single 3Cluster (60 Gambar)... 217

Cluster Sedan, Mpv dan Truck Single 3Cluster (60 Gambar) ...... 218
Cluster Bus, City, Mpv, Truck Single 4Cluster (30 Gambar) ........ 220
Cluster Bus, City, Sedan, Mpv Single 4Cluster (30 Gambar) ....... 221

XXi



Gambar 154

Gambar 155

Gambar 156

Gambar 157

Gambar 158

Gambar 159

Gambar 160

Gambar 161

Gambar 162

Gambar 163

Gambar 164

Gambar 165

Gambar 166

Gambar 167

Gambar 168

Gambar 169

Gambar 170

Gambar 171

Gambar 172

Gambar 173

Gambar 174

Gambar 175

Cluster Bus, City, Sedan, Truck Single 4Cluster (30 Gambar)......
Cluster Bus, Sedan, Mpv, Truck Single 4Cluster (30 Gambar).....
Cluster City, Sedan, Mpv, Truck Single 4Cluster (30 Gambar) ....
Cluster Bus, City, Mpv, Truck Single 4Cluster (50 Gambar)

Cluster Bus, City, Sedan, Mpv Single 4Cluster (50 Gambar) .......
Cluster Bus, City, Sedan, Truck Single 4Cluster (50 Gambar)......
Cluster Bus, Sedan, Mpv, Truck Single 4Cluster (50 Gambar).....
Cluster City, Sedan, Mpv, Truck Single 4Cluster (50 Gambar) ....

Cluster Bus, City, Mpv, Truck Single 4Cluster (60 Gambar)
Cluster Bus, City, Sedan, Mpv Single 4Cluster (60 Gambar) .......
Cluster Bus, City, Sedan, Truck Single 4Cluster (60 Gambar)......
Cluster Bus, Sedan, Mpv, Truck Single 4Cluster (60 Gambar).....
Cluster City, Sedan, Mpv, Truck Single 4Cluster (60 Gambar) ....

Cluster Bus, City, Sedan, Mpv, Truck Single 5Cluster (30)

Cluster Bus, City, Sedan, Mpv, Truck Single 5Cluster (50)
Cluster Bus, City, Sedan, Mpv, Truck Single 5Cluster (60) ..........
Perbedaan Cluster Bus, Citycar dan Mpv 2 Cluster Average.......
Perbedaan Cluster Bus, Citycar dan Mpv 3 Cluster Average.......
Perbedaan Cluster Bus, Citycar dan Mpv 4 Cluster Average.......
Perbedaan Cluster Bus, Citycar dan Mpv 5 Cluster Average.......

Perbedaan Cluster Bus, Citycar dan Mpv 2 Cluster Single...........

Perbedaan Cluster Bus, Citycar dan Mpv 3 Cluster Single...........

XXii

222

225

227

228

229

231

232

234

235

236

238

239



Gambar 176

Gambar 177

Gambar 178

Gambar 179

Gambar 180

Gambar 181

Gambar 182

Gambar 183

Gambar 184

Gambar 185

Gambar 186

Gambar 187

Gambar 188

Gambar 189

Gambar 190

Gambar 191

Gambar 192

Gambar 193

Gambar 194

Gambar 195

Gambar 196

Gambar 197

Perbedaan Cluster Bus, Citycar dan Mpv 4 Cluster Single........... 254
Perbedaan Cluster Bus, Citycar dan Mpv 5 Cluster Single........... 255
Gambar Hasil Proses Sobel Gambar Busl.........ccccccoeviiieernnnnen. 256
Gambar Hasil Proses Sobel Gambar Bus2............ccccovviieeinnnee. 257
Gambar Hasil Proses Sobel Gambar Cityl........ccccooveeeeeeeeeeeennnne. 257
Gambar Hasil Proses Sobel Gambar City2........cccccvveeeeeeeeeeeennnne. 258
Gambar Hasil Proses Sobel Gambar Sedanl ..........ccccccceeeennnnnen. 258
Gambar Hasil Proses Sobel Gambar Sedan2............cccccceeeennnnee. 259
Gambar Hasil Proses Sobel Gambar Mpvl.......ccccooeeeeeeeeererennnnne. 259
Gambar Hasil Proses Sobel Gambar Mpv2........ccccceeeeeeeeeeeeeennne. 260
Gambar Hasil Proses Sobel Gambar Truckl ..........cccooevveeeennnnnee. 260
Gambar Hasil Proses Sobel Gambar Truck2 ..........ccccocvveeeennnnee. 261
Gambar Grafik Error 2 Cluster 30 Gambar........cccceeeveiieeernnnen. 289
Gambar Grafik Error 3 Cluster 30 Gambar........ccccceevviiieeeennnen. 289
Gambar Grafik Error 4 Cluster 30 Gambar........cccceeeeveiieeernnnnen. 289
Gambar Grafik Error 5 Cluster 30 Gambar........ccccceeeviiieeeennnen. 290
Gambar Grafik Error 2 Cluster 50 Gambar..........ccccceeeeiiiiinnnnns 290
Gambar Grafik Error 3 Cluster 50 Gambar.........cccccceeeeeiiiiinnnnns 290
Gambar Grafik Error 4 Cluster 50 Gambar.........cccccveeveeiiiiinnnn. 291
Gambar Grafik Error 5 Cluster 50 Gambar..........ccccceeeeeiiiiinnnns 291
Gambar Grafik Error 2 Cluster 60 Gambar...........cccceeeeeeiiiiinnnns 291
Gambar Grafik Error 3 Cluster 60 Gambar...........cccceeeeeeiiininnnns 292

xxiii



Gambar 198

Gambar 199

Gambar 200

Gambar 201

Gambar 202

Gambar 203

Gambar 204

Gambar 205

Gambar 206

Gambar 207

Gambar 208

Gambar 209

Gambar 210

Gambar 211

Gambar 212

Gambar 213

Gambar 214

Gambar 215

Gambar 216

Gambar 217

Gambar 218

Gambar 219

Gambar Grafik Error 4 Cluster 60 Gambar........cccccceevvvveeiinnnnen. 292
Gambar Grafik Error 5 Cluster 60 Gambar........cccccceeveiieeeennnnen. 292
Gambar Konversi Citra Sedan Menjadi Grayscale ..............ueuueee. 299
Gambar Deteksi Garis Tepi Citra Grayscale........ccceeeeeeeeeeceicnnnnne 301
Gambar Citra Mobil Sedan .........ccoociieiiiiiiiiece 321
Gambar Citra Mobil Sedan .........ccoociiieiiiiiiiiiece 321
Gambar Citra Mobil TruK......ccoeveiiieee, 322
Gambar Citra Mobil TruK.......coeeeiiiiiiieee e, 322
Gambar Citra Mobil MPV ... 323
Gambar Citra Mobil MPV .........ooiiiieiieeec e 323
Gambar Citra Mobil BUS .......cuvveeiiiiecieeeeec e 324
Gambar Citra Mobil BUS .......cuvveeiiiiiieeieeeeee e 324
Gambar Citra Mobil CityCar........ccoovvevvviiiieieeeeeeeeeiieeee e 325
Gambar Citra Mobil Citycar.........coevvvviiiicene e, 325
Gambar Diagram Hierarki......cccoooeevriiiiiiiieniiieecceee e, 326
Gambar State Transision Diagram .........cccceeevevevveiieiieeneeeeeeeneenn. 327
Gambar Rancangan Modul Beranda.......ccccccovvvvvvvivieeneeeeeeennneee. 328
Gambar Rancangan Modul Input Citra .........cceevvvvveieeeeeeeeeeennn. 328
Gambar Rancangan Modul Hasil Perhitungan ........................... 329
Gambar Rancangan Modul Bantuan........c...ccoevvvviiiiceeeeeeeeeeenneee, 329
Gambar Rancangan Modul Tentang Aplikasi .........cccceeeeeeeeeenneee. 330
Gambar Modul HOME ......oeiiiiiiiiiiiieecceeeeeeee e 332

XXiv



Gambar 230

Gambar 231

Gambar 232

Gambar 233

Gambar 234

Gambar 235

Gambar 236

Gambar Modul INPUt Citra ...ccoeeeeeeeeeicc 332
Gambar Modul PeNngujian .....cccceeeeeeiiiiiiicccccccee 333
Gambar Modul Divisive Single Linkage .........cccceeeeeeeieiiiiccciinnnnne 333
Gambar Modul Divisive Single Linkage .........cccoeeeeeeeieiiicicciinnnn. 334
Gambar Modul Tentang Aplikasi ..........veeeeeeeiiieeeiiiieeeeeeeeeeenenn. 334
Gambar Modul Bantuan Aplikasi........ccceeeeeeeereieeeiiiiieeeeeeeeeeenenne, 335
Gambar Modul SUMMAry .....ccoveviiiiiiiiiicieee e 335

XXV



Lampiran 1
Lampiran 2
Lampiran 3
Lampiran 4
Lampiran 5
Lampiran 6
Lampiran 7

Lampiran 8

DAFTAR LAMPIRAN

halaman
Contoh Perhitungan ... 299
Gambar Citra Mobil .........uvviiiiiiiiee e 322
Rancangan Diagram Hirarki.......cccceeeeeeeeierieeiiiiiieeeeeeeeeeevieenen. 327
State Transition DIagram .......ccoeeueviiiiiiiii i, 328
Rancangan AntarmuKa.........ooovvvviiiiiiiieiieeeeeceeee e, 329
Rancangan Basis Data .......cccevvveiiiiiiiiiii e 332
Tampilan Antar MUKa ....eeeeeeeiiiiieecce e 333
BlaCk BOX TESTING c.evvvvrriiiiiieeeiieeiiiiieieeeeeeeeevriiee e e e e e e eeerarree s 337

XXVi



