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ABSTRAK 

 

Nama Mahasiswa / NPM  : Hajjar Ayu Cahyani Kuswardhani /  21083010044 

Judul Skripsi                     : Augmentasi Data Citra Mikroskopis Spermatozoa 

Manusia Menggunakan Wasserstein Generative 

Adversarial Network-Gradient Penalty (WGAN-

GP) 

Dosen Pembimbing          : 1. Dr. Ir. I Gede Susrama Mas Diyasa, ST. MT. 

IPU 

 2. Dr. Ir. Mohammad Idhom, S.P., S.Kom., M.T. 

 

Subjektivitas dan durasi analisis morfologi sperma secara manual menjadi kendala 

signifikan dalam diagnosis infertilitas pria. Otomatisasi berbasis deep learning 

seperti YOLOv5 menawarkan solusi yang lebih efisien, namun performanya sangat 

bergantung pada kuantitas dan keragaman data pelatihan. Penelitian ini secara 

sistematis membandingkan dua strategi augmentasi data, yaitu augmentasi 

geometris tradisional dan augmentasi generatif berbasis Wasserstein Generative 

Adversarial Network with Gradient Penalty (WGAN-GP), untuk meningkatkan 

performa deteksi sperma pada citra mikroskopis. Model YOLOv5 dilatih dalam tiga 

kondisi: tanpa augmentasi, dengan augmentasi tradisional, dan dengan augmentasi 

berbasis WGAN-GP. Hasil evaluasi menunjukkan bahwa augmentasi tradisional 

merupakan strategi paling efektif, dengan nilai mAP@0.5 tertinggi sebesar 0.595 

serta keseimbangan antara presisi dan recall. Meskipun augmentasi WGAN-GP 

berhasil meningkatkan performa dibandingkan model dasar (mAP@0.5 0.539 vs 

0.494), kualitas citra sintetis yang dihasilkan, diukur menggunakan Fréchet 

Inception Distance (FID) sebesar 110, masih belum mampu menandingi efektivitas 

augmentasi tradisional. Studi ini menegaskan bahwa untuk konteks citra 

mikroskopis sperma yang kompleks, augmentasi geometris tradisional tetap 

menjadi pendekatan yang lebih andal untuk mengoptimalkan performa model 

deteksi berbasis YOLOv5. 

 

 

Kata kunci :  Augmentasi Data, Deteksi Objek, Morfologi Sperma, YOLOv5, 

Generative Adversarial Networks (GAN). 

 

 

 

 

 

 

 

 

 



 

 

vi 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Halaman ini sengaja dikosongkan   



 

 

vii 

 

ABSTRACT 
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Advisor                             : 1. Dr. Ir. I Gede Susrama Mas Diyasa, ST. MT. 

IPU 

 2. Dr. Ir. Mohammad Idhom, S.P., S.Kom., M.T. 

 

 

ABSTRACT 

 

Manual sperm morphology analysis is hindered by its subjectivity and time-

consuming nature, presenting a significant bottleneck in diagnosing male infertility. 

While deep learning models like YOLOv5 offer a promising solution for 

automation, their performance is highly contingent on the diversity of the training 

dataset. This study provides a systematic comparison of two data augmentation 

strategies: traditional geometric transformations and a generative approach using 

Wasserstein Generative Adversarial Network with Gradient Penalty (WGAN-GP). 

A YOLOv5 model was trained under three distinct scenarios: a baseline without 

augmentation, a model with traditional augmentation, and one supplemented with 

WGAN-GP-generated images. Our findings indicate that traditional augmentation 

proved to be the most effective strategy, yielding the highest mAP@0.5 of 0.595 

with a strong balance between precision and recall. Although WGAN-GP 

augmentation improved performance over the baseline model (mAP@0.5: 0.539 vs. 

0.494), the quality of its synthetic images, measured by a Fréchet Inception 

Distance (FID) score of 110, was insufficient to outperform traditional methods. 

We conclude that traditional geometric augmentation currently stands as the more 

robust and reliable method for optimizing object detection models for complex 

microscopic sperm imagery. 

 

Keywords: Data Augmentation, Object Detection, Sperm Morphology, YOLOv5, 

Generative Adversarial Networks (GAN). 
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