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The rapid proliferation of computational resources such as GPUs, together with the widespread adoption of Iof|
devices including smartphones, has significantly accelerated efforts to acquire and analyze large volumes of
data. In particular, machine learning techniques—especially those based on deep learning—can achieve highlyj
accurate predictions by leveraging large-scale datasets. However, collecting labeled data and data obtained
under controlled test environments is often costly and labor-intensive. To address this chal lenge, increasing
attention has been paid to learning frameworks that exploit weak supervision, such as ambiguous or noisy labels,
as wel | as unlabeled data, which canbe acquired at relatively low cost. By utilizing such data for model training,

it becomes possible to reduce data collection costs while maintaining reliable machine learning performance.

This study investigates medical images and crack images, with the objective of supporting medical practice and
visual inspection of infrastructure facilities under data—scarce conditions. By identifying informative samples

from limited datasets, we aim to reduce data collection costs while maintaining high prediction accuracy.

Chapter 1, [ntroduction, provides an overview of general machine learning methodologies and their applications
in real-world settings. In addition to summarizing representative techniques, this chapter emphasizes the
critical importance of data itself, rather than algorithms alone, in determining system performance. Based on
this discussion, the chapter clarifies the contributions and proposals of this research with respect to the|

medical domain and infrastructure inspection.

Chapter 2, Improving the Accuracy of Cirrhosis Detection via Reliability Evaluation Using Spatial Information,
addresses the problem of cirrhosis detection from ultrasound images under a weakly supervised learning setting.
In this scenario, nopixel-level or region-level annotations of disease areas are available, and only image-level
labels are provided. To address this chal lenge, the proposed method evaluates the reliability of local patch
images by compar ing each patch with its surrounding region. Through this reliability evaluation, disease-related
and healthy regions within an image are selectively identified, and only reliable patches are used during model

training and testing. This approach enables more accurate cirrhosis detection.

Conventional methods rely on all patch images automatical ly generated by raster scanning, which often include
regions irrelevant to cirrhosis detection, such as ultrasound noise, acoustic shadows, and blood vessels. These
irrelevant regions can negatively affect both model training and classification performance. Experimental

resul ts demonstrate that applying reliability evaluation based on spatial information to restrict learning and
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classification toreliable patch images is effective in improving subject-level cirrhosis detection performance

Chapter 3, Enhancing CMN-Based Cirrhosis Detection by Integrating Spatial Reliability Evaluation and Multiple
Instance Learning, extends the reliability evaluation method validated in Chapter 2 by applying it to deep
learning. Inthis chapter, convolutional neural networks (CNNs) are employed to automate image feature extraction

enabling the design of feature representations and classifiers that do not depend on human expertise

In Chapter 2, Gabor features and a secondary classifier were selected based on prior experience. However, such
manual ly designed systems suffer from subjectivity, as detection performance can strongly depend on the|
designer’ s expertise. In contrast, CNN-based cirrhosis detection methods have been proposed that employ
Multiple Instance Learning (MIL) as a framework for reliability evaluation based on image features. In
conventional MIL-based approaches, regions of interest (ROIs) are manually defined according to medical

expertise, resulting in high dependency on the quality of the selected ROIs.

To overcome these limitations, this chapter integrates the proposed Reliability Evaluation Method (REM) into
the MIL framework while using CNNs for both feature extraction and classification. The method operates on
automatical ly generated ROIs, enabling the selection of reliable ROIs for training and testing without human
intervention. Experimental results confirm that this integration improves classification performance and

reduces dependence on manually defined ROIs.

Chapter 4, Improving Concrete Crack Segmentation via Covariate Shift Adaptation for Multi-Resol/ution Images,
focuses on the segmentation of cracks on concrete surfaces. This task is essential for automating visual
inspections of large-scale infrastructure such as tunnels and bridges. In practical environments, images are
often captured under varying conditions, for example using drones, where the distance between the camera and
the target object is not constant. Additionally, cost constraints may require the use of low-resolution cameras.
These factors cause discrepancies in image resolution between training and testing data, leading to degraded

performance of deep learning models

To address this issue, the proposed method applies covariate shift adaptation by learning an importance-weighting
model that automatically identifies samples in the training dataset that are more likely to appear under test-time
conditions. By assigning higher weights to such important samples during training, the crack segmentation model
can better adapt to the test environment. Experimental results demonstrate that this approach effectively
mitigates performance degradation caused by resolution differences and improves crack extraction accuracy

compared to models trained without importance weighting

Finally, Ghapter 5, Conc/usion, summarizes the findings from Chapters 2 through 4 and discusses future research
directions. The key contributions of Chapters 2 and 3 include the development of methods that reduce labeling
costs while achieving high-accuracy disease detection under weakly supervised learning settings, where only

subject—level labels are available. In particular, leveraging spatial information to select reliable regions
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significantly improves detection performance over conventional weakly supervised approaches. The primary

contribution of Chapter 4 is the realization of domain adaptation across multiple image resolutions through
covariate shift adaptation. By automatically weighting important training samples when test-time images are
low resolution, the proposed method achieves superior crack extraction performance compared to unweighted

training approaches.
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