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VGG-19 is a high-performance CNN architecture [1] that has 19 layers, and in this work, we use the
features extracted from its conv5_1 layer to represent the image style. According to Gatys et al. [2], the
image style features extracted from the conv5_1 layer are better than others in image style transfer
applications. They extracted an image style from an art painting and applied it to another image called
content image so that a newly generated image has both content and style features. Based on our
previous research [3], our results indicated that the way people judge whether two images are similar is
based more on image styles than actual objects, or content, in ukiyo-e images. The dataset we used is a
set of ten thousand ukiyo-e images from a database made publicly available by the Art Research Center
(ARC), Ritsumeikan University. The 10,000 ukiyo-e images are separated into five categories which
contain 2,000 images each.
We focus on ukiyo-e image recommendation. In our subsequent previous work [4], we examined
different image-style feature-extraction methods for the ukiyo-e dataset using the nearest-neighbor
algorithm (1-NN). 1-NN was used because the classification result of 1-NN indicates the features’ ability
in representing the image similarity used in a recommender. Wen et al. [5] proposed a new loss function
called center loss that squeezes the distances of all data in the same class. More recently, L2-constrained
softmax [6] was proposed that it is able to increase the classification performance by normalizing the
features.
Our present work is about feature extraction of image styles from VGG-19 based on an L2-constrained
combination of center and softmax loss functions for ukiyo-e image recommendation. 1-NN is used for
evaluation of the features’ quality. Experimental results on the aforementioned ukiyo-e data set show that
the performance of the resulting features outperform features extracted by existing methods.
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