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Deep learning, which involves data-driven training of complex models (deep neural networks
with a massive number of parameters) from large amounts of data, has achieved success in image
recognition. Deep learning uses complex black box models where we can observe feature activation;
however, we cannot understand the actual phenomenon. Therefore, a limitation of complex models is
that the engineering of identifying, correcting, and improving problems is difficult because humans
cannot understand the computational process and inference arguments. Furthermore, for real-world
applications, deep learning is with blind imbalanced domains where training data contains multiple
(source) domains; however, the domain assignment of samples is unknown and imbalanced.
Therefore, a limitation of data-driven training is that it cannot perform adequately for blind imbalance
domains. Thus, this dissertation will study inference arguments and blind imbalanced domain learning
for image recognition using deep learning.

In Chapter 1, Introduction, we describe the dissertation's background, purpose, and document
structure. In Chapter 2, Inference Arguments in Deep Learning, we propose a method to generate
inference arguments based on deep features and evaluate them using crowdsourcing. Then, we
discuss that the inference arguments may provide clues for improving deep learning models, such as
extending the model or adding training data. In Chapter 3, Unknown Imbalanced Domain Machine
Learning in Deep Learning, we propose a problem setting of blind imbalanced domain learning and a
corresponding method that combines center loss (loss function) with mini-batch weighted sampling
based on the distance between samples in a deep feature space. In Chapter 4, Imbalanced Domain
Active Learning in Deep Learning, we extend Chapter 3 to active learning and identify an appropriate
method that combines simple active learning with softmax margin and model training with the
proposed method in Chapter 3. In Chapter 5, Conclusion, we summarize this dissertation and discuss

future works.
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