Chapter 9

Summary of Research Contribution
Phase I

The research introduced a novel approach to identifying specular reflections (SR) in
smart colposcopy images using an Intensity-Based Threshold Method in the XYZ color
space. It conducted a thorough analysis of color spaces, identifying RGB and XYZ as ideal
choices for preserving color originality. By focusing on intensity variations in the glare
region, the method enhanced detection accuracy. Comparative analysis highlighted the
superior accuracy of the XYZ color space over RGB, which was crucial for medical
interpretation. The limitations in preserving color appearance in RGB underscored the
method's suitability for XYZ. Validation across medical images confirmed its effectiveness
not only in smart colposcopy but also in digital colposcopy, endoscopy, and colonoscopy
images. The research broadened potential applications beyond smart colposcopy to diverse

medical imaging scenarios, emphasizing its significance in medical image analysis.

Phase 11

The research introduced a Fine-tuned UNet++ segmentation model specifically
tailored to identify and segment specular reflection (SR) regions within smart colposcopy
images, aiming to bolster segmentation accuracy for cervical cancer diagnosis. Leveraging
the UNet++ architecture's adeptness in capturing intricate features, the model underwent
meticulous fine-tuning to optimize its performance for the task of glare region segmentation.
Through a thorough comparative analysis encompassing popular segmentation models such
as FCN, SegNet, and U-Net, the UNet model emerged as the frontrunner, particularly
excelling in scenarios with limited datasets. Further refinement identified UNet++ as the
most suitable variant for effectively delineating glare regions in smart colposcopy images,
offering invaluable guidance for model selection in similar contexts. Additionally, the
research introduced a specialized fine-tuning process aimed at augmenting the UNet++
model's performance in SR segmentation, resulting in significant enhancements in
segmentation outcomes. These methodological advancements not only addressed challenges
associated with data scarcity but also propelled the capabilities of deep learning
segmentation models in accurately discerning specular reflections, thereby holding promise

for improving cervical cancer diagnosis.
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Phase 111

The research introduced a Novel Bilateral-based Convolutional Inpainting model
designed to remove glare regions from smart colposcopy images and other medical images
effectively. The proposed model seamlessly filled removed regions with high-quality pixels,
enhancing image quality for medical analysis and diagnosis. Extending its application to
diverse datasets, including Place 2, the Open Logo dataset, and satellite images,
demonstrated its versatility in object removal and pixel filling tasks across domains. Testing
with different masking ratios confirmed exceptional performance, particularly in predicting
missing pixel values for large masked areas, surpassing other deep learning inpainting
methods. Exploring various loss functions revealed that the combination of total variation
loss and pixel loss improved inpainting quality, especially in larger masked regions.
Positioned as a valuable tool for image restoration tasks, the model's success in glare and
object removal, along with customizable loss functions, suggested broad applicability in
enhancing image quality across different applications. The research highlighted its potential
significance in medical imaging, particularly for smart colposcopy images, while also
emphasizing its utility in satellite imagery and other fields requiring high-quality inpainting

results.

Phase IV

The research comprehensively evaluated three deep-learning models (Efficient,
VGG19, and DenseNetl21) for grading smart colposcopy images, highlighting the
effectiveness of an enhancement approach. Notably, all models demonstrated significant
accuracy improvements when applied to enhanced images. Visual representations of these
improved images validated the models' enhanced performance, crucial for precise cervical
cancer grading. Minimized discrepancies between predicted and actual labels, quantified by
loss values, affirmed the success of the enhancement technique in guiding models towards
higher accuracy. Comparative analysis underscored the necessity of the enhancement
technique by revealing baseline accuracies. Its application substantially boosted grading
performance, promising advancements in medical image analysis. The findings directly
influenced cervical cancer grading practices, advocating for the clinical adoption of the
enhancement technique. In summary, the research underscored the effectiveness of the
proposed enhancement approach in elevating model accuracy and its clinical relevance in
cervical cancer grading, supported by visual representations and loss values for

comprehensive model performance assessment.
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