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INTISARI

Penyakit pada tanaman pisang seperti Sigatoka, Cordana, dan Panama
merupakan ancaman serius yang berdampak pada terganggunya ketahanan pangan.
Diagnosis manual dinilai lambat, sehingga dibutuhkan sistem deteksi otomatis yang
tangguh. Sayangnya, penggunaan model deep learning tunggal menghadapi
keterbatasan arsitektural. Convolutional Neural Network (CNN) kesulitan
menangkap konteks spasial jarak jauh, sedangkan Vision Transformer (ViT) rentan
mengalami overfitting pada dataset berskala kecil.

Untuk menyelesaikan masalah tersebut, penelitian ini merancang arsitektur
hibrida yang mengintegrasikan EfficientNetV2 (pengekstraksi fitur lokal) dan ViT
(pengekstraksi konteks global). Metode ini menggunakan 4.675 citra sekunder
untuk proses permodelan, serta 40 citra lapangan primer untuk pengujian validasi
eksternal (mengukur pergeseran domain). Selain itu, teknik £xplainable Al berbasis
Grad-CAM diterapkan untuk memvisualisasikan landasan pengambilan keputusan
dan mengatasi sifat kotak hitam.

Hasil pengujian internal menunjukkan EfficientNetV2 mencapai akurasi
tertinggi 99,29%, diikuti ViT (98,58%), dan Hibrida (97,88%). Namun, pada
pengujian eksternal di lapangan, ViT turun drastis menjadi 62,50%. Sementara itu,
EfficientNetV2 (82,50%) dan Hibrida terbukti stabil di angka 80,00%. Analisis
Grad-CAM memvalidasi bahwa model hibrida mengevaluasi geometri lesi secara
holistik melalui mekanisme self-attention, sehingga mampu mengatasi kelemahan
spesifik CNN yang hanya mengunci fitur tepi lesi secara parsial dan rentan salah
klasifikasi pada kasus dengan kemiripan tekstur antar-kelas penyakit. Penelitian ini
berkontribusi menghasilkan sistem deteksi andal dan transparan bagi praktisi
pertanian. Untuk penelitian lanjutan, direkomendasikan menerapkan segmentasi
latar belakang, pengayaan augmentasi data lapangan, kompresi arsitektur seluler,
serta restrukturisasi lapisan penyandian posisi.

Kata kunci: Penyakit Daun Pisang, Arsitektur Hibrida, EfficientNetV2, Vision
Transformer, Grad-CAM.
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ABSTRACT

Banana plant diseases such as Sigatoka, Cordana, and Panama pose a
serious threat that disrupts food security. Manual diagnosis is considered slow,
thus a robust automated detection system is needed. Unfortunately, the use of single
deep learning models faces architectural limitations. Convolutional Neural
Networks (CNN) struggle to capture long-range spatial contexts, whereas Vision
Transformers (ViT) are prone to overfitting on small-scale datasets.

To resolve these problems, this research designed a hybrid architecture
integrating EfficientNetV2 (local feature extractor) and ViT (global context
extractor). This method utilized 4,675 secondary images for modeling and 40
primary field images for external validation testing (measuring domain shift).
Additionally, Explainable Al based on Grad-CAM was applied to visualize the
decision-making foundation and overcome the black-box nature.

Internal testing results showed EfficientNetV2 achieved the highest
accuracy of 99.29%, followed by ViT (98.58%), and the Hybrid model (97.88%).
However, in external field testing, ViT dropped drastically to 62.50%. Meanwhile,
EfficientNetV2 (82.50%) and the Hybrid model demonstrated greater stability at
80.00%. Grad-CAM analysis validated that the hybrid model evaluates lesion
geometry holistically via self-attention, overcoming a specific weakness of
standalone CNN architectures that fixate only on localized high-frequency edge
features and are vulnerable to misclassification in cases with visually similar inter-
class textures. This research contributes by producing a reliable and transparent
detection system for agricultural practitioners. For future research, it is
recommended to apply background segmentation, enrich field data augmentation,
compress the mobile architecture, and restructure the positional encoding layer.

Keywords: Banana Leaf Disease, Hybrid Architecture, EfficientNetV?2, Vision
Transformer, Grad-CAM.
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