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A study on generating two-dimensional convolution filters in deep learning

Thesis Summary

Deep learning has become widely used in the image processing field. Increasing training data and
expanding the receptive fields of computational modules such as convolution are effective in
training highly accurate image processing models, but it is also important to train highly accurate
models using limited data and computational resources. This study focused on two-dimensional
convolution, which excels in learning with a small number of data due to its strong constraints and
proposed generating convolution filters to improve accuracy and training speed. Though
convolution filters are usually represented as a fixed-length array of trainable parameters,
calculating the filter weight values improves the accuracy and training speed.

Chapter 1 outlines the background of two-dimensional convolution concerning its properties and
recent use in image processing and describes the goal and summary of this study.

Chapter 2 outlines convolution and its filter generation involving learning algorithms and
computational cost.

Chapter 3 generates filters by linear combination of its components introducing a new component
system other than the standard basis. The proposed component system formulates the principal
components of trained convolution filters using Hermite polynomials. I also devised a method for
selecting the principal components and initializing trainable coefficients of linear combination. The
experimental results show the generated filter from the proposed component system improves
accuracy reducing parameters.

Chapter 4 proposes to generate filters according to the processing image size. Generating filters
for images of different sizes from common parameters enables training using small images. This
method saves the computational cost on training, using other than the target image size. Though
this training framework tends to degrade accuracy than the conventional training, the additional
proposals reduce the degradation. Introducing these improvements enables to train deep learning
models at high speed without degrading accuracy.

Chapter 5 summarizes this study and discusses prospects.




