
Impression Estimation Model and Pattern Search System
Based on Style Features and Kansei Metric

Natsuki Sunda
Kwansei Gakuin University

Sanda, Hyogo, Japan
fs1013.sekarock@kwansei.ac.jp

Kensuke Tobitani
Kwansei Gakuin University

Sanda, Hyogo, Japan
tobitani@kwansei.ac.jp

Atsushi Takemoto
Kwansei Gakuin University

Sanda, Hyogo, Japan
a.takemoto@kwansei.ac.jp

Iori Tani
Kwansei Gakuin University

Sanda, Hyogo, Japan
iori.tani@kwansei.ac.jp

Yusuke Tani
Kwansei Gakuin University

Sanda, Hyogo, Japan
tani.y@kwansei.ac.jp

Taishi Fujiwara
Kwansei Gakuin University

Sanda, Hyogo, Japan
t.fujiwara@kwansei.ac.jp

Noriko Nagata
Kwansei Gakuin University

Sanda, Hyogo, Japan
nagata@kwansei.ac.jp

Nobufumi Morita
Couture Digital Ltd.
Osaka, Osaka, Japan
nm@digitalfashion.jp

ABSTRACT
In this study, we aimed to construct impression estimation mod-
els of clothing patterns based on style features and Kansei metric.
We first conducted a subjective evaluation experiment and a fac-
tor analysis, and quantified visual impressions of flower patterns.
Following that, we used style features using CNN as image fea-
tures suitable for representing flower patterns. Then, with a Lasso
regression, we reduced the dimension based on Kansei metric (im-
pression evaluation) and modeled the relationship between visual
impressions and image features. Furthermore, we implemented a
pattern search system using the modeled relationship.

CCS CONCEPTS
•Computingmethodologies→Appearance and texture rep-
resentations; • Human-centered computing → Interaction
design process and methods;

KEYWORDS
Fashion, CNN, Texture, Style Transfer, Lasso Regression

ACM Reference Format:
Natsuki Sunda, Kensuke Tobitani, Atsushi Takemoto, Iori Tani, Yusuke Tani,
Taishi Fujiwara, Noriko Nagata, and Nobufumi Morita. 2018. Impression
Estimation Model and Pattern Search System Based on Style Features and
Kansei Metric. In VRST 2018: 24th ACM Symposium on Virtual Reality Soft-
ware and Technology (VRST ’18), November 28-December 1, 2018, Tokyo, Japan.
ACM,NewYork, NY, USA, 2 pages. https://doi.org/10.1145/3281505.3281610

Permission to make digital or hard copies of part or all of this work for personal or
classroom use is granted without fee provided that copies are not made or distributed
for profit or commercial advantage and that copies bear this notice and the full cita-
tion on the first page. Copyrights for third-party components of this work must be
honored. For all other uses, contact the owner/author(s).
VRST ’18, November 28-December 1, 2018, Tokyo, Japan
© 2018 Copyright held by the owner/author(s).
ACM ISBN 978-1-4503-6086-9/18/11.
https://doi.org/10.1145/3281505.3281610

1 INTRODUCTION
In recent years, societal demand is rising for technology that quan-
tifies impressions and emotion aroused by the products in diverse
fields, such as product design and the arts. These technologiesmake
it possible to grasp people’s preferring and levels of satisfaction
and to develop them into specific designs.

In this study, we constructed impression estimation models of
clothing patterns using CNN-style features and Kansei metric (im-
pression evaluation). And we implemented a pattern search sys-
tem based on the models. Regarding material patterns, a texture
generation method, using image features extracted from deep neu-
ral network, was developed by Gatys et al., which demonstrated
highly precise results [1]. However, the relationship between tex-
tures and impressions or feelings has still not been clarified. There-
fore, we quantified visual impressions of clothing patterns by con-
ducting a psychological experiment. Then, we extracted CNN-style
features and reduced the dimension based on Kansei metric. Next,
we constructed regression models that estimates impressions of
clothing patterns from CNN-style features. Then, based on the ob-
tained regressionmodels, we estimated the impressions of clothing
patterns that did not have impression labels. Finally, we created a
data set consists of 1,158 clothing patterns and implemented a pat-
tern search system using the data set (Fig.1).

Figure 1: Flow Diagram
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2 QUANTIFICATION OF VISUAL
IMPRESSIONS OF CLOTHING PATTERNS

We conducted a subjective evaluation experiment to quantify vi-
sual impressions of clothing patterns. Experiment participantswere
40 graduate and undergraduate students (18 male and 22 female).
We used 75 flower pattern images as stimuli and 40 adjectives as
evaluation terms. The participants observe the stimuli shown on
an LCD monitor, and rate each image’s degree of suitability for
each evaluation term on a seven-point scale, from -3 to 3.

We then conducted a factor analysis (maximum likelihoodmethod,
Promax rotation) of the results obtained in the subjective evalua-
tion experiment. The results are shown in Table 1. The factor anal-
ysis resulted in the extraction of six factors, whichwere interpreted
as the following: Factor 1, the“pop”factor; Factor 2, the“ elabo-
rate”factor; Factor 3, the“refreshing”factor; Factor 4, the“novel”
factor; Factor 5, the“ tidy”factor; and Factor 6, the“ stylish”
factor.

We considered the raw scores and factor scores of adjectives
obtained through this procedure to be the impression values of
each stimulus.

Table 1: Factor Analysis Results

3 MODELING THE RELATIONSHIP BETWEEN
VISUAL IMPRESSIONS AND IMAGE
FEATURES

We used the style features of Gatys et al.’s style transfer [1] as im-
age features to represent flower patterns. For style features, we
made a Gram matrix of features map extracted from convolutional
neural network VGG-19 used in general object recognition. The

style features’ ranks output by pooling layers of 1, 2, 3, 4 were 64
x 64，128 x 128，256 x 256，and 512 x 512, respectively.

Takemoto et al. used a Lasso regression to model the relation-
ship between the quantified impressions of materials and the style
features of textures [2]. Based on that method, we conducted a
Lasso regression using the quantified impression values of flower
patterns as objective variables and the style features obtained from
each pooling layer as explanatory variables.With this, we obtained
regression models for four types of dimensions for each evaluation
term and factor, and used the regression model with the greatest
coefficient of determination as the impression estimation model.
The average coefficient of determination in all impression estima-
tion models was 0.70 for the 40 evaluation terms, and 0.84 for the
six factors.

By creating accurate regression models and calculating the re-
gression coefficients, we modeled the relationship between visual
impressions and image features for the flower patterns.

4 IMPLEMENTING A PATTERN SEARCH
SYSTEM USING THE IMPRESSION
ESTIMATION MODELS

Based on the impression estimation models mentioned in the pre-
vious section, we conducted an estimation of impressions for each
evaluation term and factor for 1,083 flower pattern images that had
not quantified impression values. Following this, we created a data
set based on the estimated impression values and implemented a
pattern search system. The method was set up to display images in
order of highest impression value when one entered any of the 40
evaluation terms or six factors into the search screen. This shows
the results of searching for“ refreshing”factor and“ pop”fac-
tor in the section for implementing the pattern search system in
Figure 1. For“ refreshing”, many images were selected that were
bluish and seemed summery. On the other hand, for“pop”, images
were selected that were vivid or had large patterns. For both, the
obtained results did not feel subjectively out of place, suggesting
the validity of this models.

5 CONCLUSION
In this study, we aimed to construct impression estimation mod-
els of clothing patterns based on CNN-style features and Kansei
metric, and modeled the relationship between visual impressions
and image features for the flower patterns. Furthermore, using the
modeled relationship, we implemented a pattern search system.

As a future subject of this study, we will verify the validity of
the estimation results and expand the image data with impression
values.

REFERENCES
[1] Leon AGatys, Alexander S Ecker, andMatthias Bethge. 2016. Image style transfer

using convolutional neural networks. In Proceedings of the IEEE Conference on
Computer Vision and Pattern Recognition. 2414–2423.

[2] Atsushi Takemoto, Kensuke Tobitani, Yusuke Tani, Taishi Fujiwara, Youichi Ya-
mazaki, and Noriko Nagata. 2018. KANSEI aspect of SHITSUKAN controllable
texture synthesis using deep correlation feature (in Japanese). Proceedings of
Spring Conference 2018 of Japan Society of Kansei Engineering WF2-2.


