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 INTISARI 

 Dalam  era  modern  yang  didukung  oleh  kemajuan  teknologi  informasi  dan 
 kedokteran,  pengembangan  sistem  pendukung  diagnosis  medis  menjadi  semakin 
 krusial.  Penelitian  ini  fokus  pada  deteksi  dini  dan  klasifikasi  tumor  otak,  penyakit 
 dengan  tingkat  mortalitas  tinggi  yang  signifikan  mempengaruhi  kualitas  hidup 
 pasien.  Penerapan  teknologi  citra  medis,  terutama  melalui  teknik  Artificial 
 Intelligence  (AI)  seperti  Convolutional  Neural  Network  (CNN)  ,  menjadi  solusi 
 utama  dalam  mengatasi  tantangan  diagnostik  ini.  Studi  ini  mengusulkan 
 penggunaan  metode  CNN  dengan  arsitektur  EfficientNetB0  berbasis  transfer 
 learning  untuk  meningkatkan  efektivitas  klasifikasi  citra  tumor  otak.  Objek 
 penelitian  adalah  dataset  citra  MRI  otak  manusia  dari  Kaggle,  terdiri  dari  7023 
 gambar  yang  diklasifikasikan  ke  dalam  empat  kelas:  glioma,  meningioma,  no 
 tumor,  dan  pituitary.  Konfigurasi  model  dilakukan  dalam  dua  tahap,  dengan 
 menggunakan  pretrained  model  EfficientNetB0  sebagai  base  model  .  Pada  tahap 
 fine-tuning  ,  sebagian  lapisan  atas  pada  model  yang  telah  di-  pretrain  di-  unfreeze 
 untuk  melibatkan  proses  pelatihan  lebih  lanjut.  Selama  proses  training  ,  model 
 dioptimalkan  menggunakan  optimizer  Adam,  dengan  learning  rate  minimum  1e-6 
 sebelum  fine-tuning  dan  saat  fine-tuning,  learning  rate  disetel  ke  1e-4  serta 
 penerapan  EarlyStopping  untuk  mencegah  overfitting  .  Hasil  dari  tahap  pelatihan 
 dan  fine-tuning  model  menunjukkan  peningkatan  yang  signifikan  dalam  akurasi 
 klasifikasi,  dari  sekitar  85.50%  menjadi  100%.  Evaluasi  model  pada  dataset 
 pengujian  menghasilkan  akurasi  kategorikal  sebesar  98.95%.  Metrik  evaluasi 
 lainnya,  seperti  presisi,  recall,  dan  f1-score,  juga  mengindikasikan  kinerja  yang 
 baik.  Hasil  ini  dapat  bermanfaat  bagi  komunitas  riset  dalam  pengembangan 
 metode  klasifikasi  gambar  medis,  serta  praktisi  di  bidang  kedokteran  untuk 
 meningkatkan keakuratan diagnosis melalui analisis citra MRI otak. 

 Kata kunci:  tumor otak, convolutional neural network,  transfer learning, 

 efficientnet, fine tuning 
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 ABSTRACT 

 In  the  modern  era,  supported  by  advances  in  information  technology  and 
 medicine,  the  development  of  medical  diagnostic  support  systems  has  become 
 increasingly  crucial.  This  research  focuses  on  early  detection  and  classification  of 
 brain  tumors,  a  disease  with  a  significantly  high  mortality  rate  that  profoundly 
 affects  patients'  quality  of  life.  The  application  of  medical  imaging  technology, 
 particularly  through  Artificial  Intelligence  (AI)  techniques  such  as  Convolutional 
 Neural  Network  (CNN),  has  become  the  primary  solution  to  address  these 
 diagnostic  challenges.  This  study  proposes  the  use  of  the  CNN  method  with 
 EfficientNetB0  architecture  based  on  transfer  learning  to  enhance  the 
 effectiveness  of  brain  tumor  image  classification.  The  research  object  is  a  dataset 
 of  human  brain  MRI  images  from  Kaggle,  consisting  of  7023  images  classified 
 into  four  classes:  glioma,  meningioma,  no  tumor,  and  pituitary.  The  model 
 configuration  is  performed  in  two  stages,  using  the  EfficientNetB0  pretrained 
 model  as  the  base  model.  In  the  fine-tuning  stage,  some  top  layers  of  the 
 pretrained  model  are  unfrozen  to  involve  further  training.  During  the  training 
 process,  the  model  is  optimized  using  the  Adam  optimizer,  with  a  minimum 
 learning  rate  of  1e-6  before  fine-tuning  and  a  learning  rate  set  to  1e-4  during 
 fine-tuning,  along  with  the  implementation  of  EarlyStopping  to  prevent  overfitting. 
 The  results  of  the  training  and  fine-tuning  stages  show  a  significant  improvement 
 in  classification  accuracy,  from  around  85.50%  to  100%.  Model  evaluation  on  the 
 test  dataset  yields  a  categorical  accuracy  of  98.95%.  Other  evaluation  metrics, 
 such  as  precision,  recall,  and  f1-score,  also  indicate  good  performance.  These 
 findings  can  be  beneficial  for  the  research  community  in  the  development  of 
 medical  image  classification  methods  and  for  practitioners  in  the  field  of  medicine 
 to enhance diagnostic accuracy through the analysis of brain MRI images. 

 Keyword:  brain tumor, convolutional neural network,  transfer learning, 
 efficientnet, fine tuning 
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