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Image recognition has been progressed remarkably by using a convolutional neural network. Many studies
of image recognition assume that input images are clean without any degradation. However, there are usually
some degradations in practical applications, such as autonomous driving, security camera, etc. Moreover,
degradation levels, which represent degrees of degradation, are generally unknown. Therefore, it is
necessary for an image recognition network to cope with several levels of degradation. This thesis aims
to construct an image recognition network of degraded images under several levels of degradation.

This thesis has proposed three approaches as follows. The first approach was to improve the classification
performance of degraded images by using a degradation level as an additional input. This approach
underperformed a classification network trained with only clean images for high—quality images. Therefore,
in order to deal with various degradation levels, it was necessary to use two classification networks
properly depending on image qualities though it was inconvenient in practice.

Secondly, to overcome this inconvenience, an ensemble network composed of two classification networks
was proposed: trained with clean images only and trained with restored images. The restored images were
acquired from degraded images by a restoration network, and ensemble weights were inferred depending on
an estimated degradation level and features of a restored image. The proposed ensemble network could
classify degraded images well for almost all degradation levels. However, it sometimes showed lower
classification accuracy for high—quality images, which were like clean images, than a classification
network trained with only clean images.

Finally, not to low the classification performance of such high—quality images, this thesis proposed
a convolutional neural network that had an adjustment structure to deal with the features of degraded
images. The proposed network was trained by multi—task learning based on consistency regularization to
classify degraded images and estimate degradation levels. The proposed network could classify degraded
images without sacrificing the classification performance of clean images. Moreover, the proposed network
was extended to the semantic segmentation of degraded images
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