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Tue. Jun 4, 2019

Room D

Organized Session | Organized Session | [OS] OS-10

不動産と AI(1)[1D2-OS-10a]
清田 陽司（（株）LIFULL）、山崎 俊彦（東京大学）、諏訪 博彦

（奈良先端科学技術大学院大学）、清水 千弘（日本大学）、橋本

武彦（GA technologies）
1:20 PM - 3:00 PM  Room D (301B Medium meeting room)

Assessment of Thermal Insulation and

Sound Performance of Apartments

Based on IoT Sensing

〇Toshihiko Yamasaki1, Yuki Obuchi1, Yuan

Lin1, Ryoma Kitagaki2, Satoshi Toriumi3,

Mikihisa Hayashi3, Ai Sakai4, Nobuhito Haga4,

Shimpei Nomura4, Yoichi Ikemoto4 （1. The

University of Tokyo, 2. Hokkaido University,

3. Future Standard Co., Ltd., 4. Recruit Sumai

Company Ltd.）

 1:20 PM -  1:40 PM

[1D2-OS-10a-01]

Data Collection for the Comfort Level of

Rental Property by IoT Sensing

〇Hirohiko Suwa1, Atsushi Otsubo1, Yugo

Nakamura1, Masahito Noguchi2 （1. Nara

Institute of Science and technology, 2.

LIFULL Co., Ltd.）

 1:40 PM -  2:00 PM

[1D2-OS-10a-02]

Business utilization of real estate image

classification system using deep

learning

〇Tomoya Tsukahara1, Kodai Sudo1 （1.

BrainPad Inc.）

 2:00 PM -  2:20 PM

[1D2-OS-10a-03]

Proposal of Railway Route Search

System for Finding Living Place

〇Keisuke Kikuchi1, Kenichiro Kobayashi2,

Takehiko Hashimoto2, Yasufumi Takama1

（1. Tokyo Metropolitan University, 2. GA

Technologies）

 2:20 PM -  2:40 PM

[1D2-OS-10a-04]

Evaluation of Rent Prediction Models

using Floor Plan Images

〇Ryosuke Hattori1, Kazushi Okamoto1,

Atsushi Shibata2 （1. The University of

Electro-Communications, 2. Advanced

Institute of Industrial Technology）

 2:40 PM -  3:00 PM

[1D2-OS-10a-05]

Organized Session | Organized Session | [OS] OS-10

不動産と AI(2)[1D3-OS-10b]
清田 陽司（（株）LIFULL）、山崎 俊彦（東京大学）、諏訪 博彦

（奈良先端科学技術大学院大学）、清水 千弘（日本大学）、橋本

武彦（GA technologies）
3:20 PM - 5:00 PM  Room D (301B Medium meeting room)

(Invited talk) Recent studies on real

estate tech in China

〇Xiangyu Guo1 （1. Fudan University）

 3:20 PM -  4:00 PM

[1D3-OS-10b-01]

Two-Step estimation model using

machine learning at detached house

price

〇Yusuke Takahashi1 （1. FUJITSU CLOUD

TECHNOLOGIES LIMITED）

 4:00 PM -  4:20 PM

[1D3-OS-10b-02]

Statistical modeling of the transition

time of an occupation of rental rooms

by using the housing information

website data

〇Hayafumi Watanabe1, Yu Ichifuji2,

Masahito Suzuki3, Satoshi Yamashita4 （1.

Kanazawa university, 2. Nagasaki university,

3. UD Asset Valuation Co., Ltd., 4. The

institute of statistical mathematics）

 4:20 PM -  4:40 PM

[1D3-OS-10b-03]

Efforts on UX innovation in real estate

field by utilizing AI

Yoji Kiyota1, 〇Satoshi Shiibashi1, Takeshi

Ninomiya1, Takao Yokoyama1, Takuro

Hanawa1, Takeshi Eto1, Akiko Yokoyama1,

Kei Kikuchi1, Musashi Kobayashi1, Akane

Kameda1, Kazuki Takigawa1, Yusuke Saito1,

Kazushi Katayama1 （1. LIFULL Co., Ltd.）

 4:40 PM -  5:00 PM

[1D3-OS-10b-04]

Room E

Organized Session | Organized Session | [OS] OS-3

AI における離散構造処理と制約充足(1)[1E2-OS-3a]
波多野 大督（理化学研究所）、蓑田 玲緒奈（（株）ベイシスコンサ

ルティング）
1:20 PM - 3:00 PM  Room E (301A Medium meeting room)

(Invited talk) Sentential Decision

Diagrams and related topics

〇Masaaki Nishino1 （1. NTT Communication

[1E2-OS-3a-01]
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Science Laboratories）

 1:20 PM -  2:00 PM

MCSes Enumeration with the Glucose

SAT Solver

〇Miyuki Koshimura1, Ken Satoh2 （1. Kyushu

University, 2. National Institute of Informatics）

 2:00 PM -  2:20 PM

[1E2-OS-3a-02]

A SAT-based CSP Solver sCOP and its

Results on 2018 XCSP3 Competition

〇Takehide Soh1, Daniel Le Berre3,4, Mutsunori

Banbara2, Naoyuki Tamura1 （1. Kobe

University, 2. Nagoya University, 3. CRIL-CNRS,

UMR 8188, 4. Université d'Artois）

 2:20 PM -  2:40 PM

[1E2-OS-3a-03]

An Analysis of Entry and Exit Data in

Office by Decision Tree Learning Using

Clustering Factor Matrix from Non-

negative Multiple Matrix Factorization

〇Seidai Kojima1, Hayato Ishigure1, Miwa

Sakata1, Atsuko Mutoh1, Koichi Moriyama1,

Nobuhiro Inuzuka1 （1. Nagoya Institute of

Technology）

 2:40 PM -  3:00 PM

[1E2-OS-3a-04]

Organized Session | Organized Session | [OS] OS-3

AI における離散構造処理と制約充足(2)[1E3-OS-3b]
波多野 大督（理化学研究所）、蓑田 玲緒奈（（株）ベイシスコンサ

ルティング）
3:20 PM - 4:00 PM  Room E (301A Medium meeting room)

A Branch-and-bound Algorithm for

Determining Discrete Changes for Hybrid

Constraint Solver HyLaGI

〇Masashi SATO1, Kazunori UEDA1 （1.

Waseda University）

 3:20 PM -  3:40 PM

[1E3-OS-3b-01]

Dynamic Reduction of Guarded

Constraints for the Hybrid Systems

Modeling Language HydLa

〇Takafumi Horiuchi1, Kazunori Ueda1 （1.

Waseda University）

 3:40 PM -  4:00 PM

[1E3-OS-3b-02]

Room F

Organized Session | Organized Session | [OS] OS-17

農業と AI(1)[1F3-OS-17a]
小林 一樹（信州大学）、竹崎 あかね（農研機構革新工学センター）

3:20 PM - 5:00 PM  Room F (302B Medium meeting room)

(Invited talk) Issues of field high

throughput plant phenotyping based on

images

〇Seishi Ninomiya1 （1. University of Tokyo）

 3:20 PM -  3:40 PM

[1F3-OS-17a-01]

Bird Damage Prevention System

Utilizing Deep Learning based on Birds'

Behavior

〇Kazuki Kobayashi1, Fumiya Shimobayashi1,

Kazunori Terada2, Takefumi Yoshikawa3,

Hiroyuki Sato4, Hiroyuki Tsuchiya4, Kanokwan

Atchariyachanvanich5 （1. Shinshu

University, 2. Gifu University, 3. Toyama

Prefectural University, 4. Marimo Electronics

Co., Ltd., 5. Faculty of Information

Technology, King Mongkut's Institute of

Technology Ladkrabang, Thailand）

 3:40 PM -  4:00 PM

[1F3-OS-17a-02]

Training Data Augmentation for Hidden

Fruit Image Segmentation by using Deep

Learning

〇Ryoma Takai1, Kazuki Kobayashi1 （1.

Shinsyu University）

 4:00 PM -  4:20 PM

[1F3-OS-17a-03]

Q-learning with Neural Network for

Automatic Irrigation Control of Crops

〇Shuto Namba1, Junpei Tsuji1, Masato Noto1

（1. Kanagawa University）

 4:20 PM -  4:40 PM

[1F3-OS-17a-04]

Crop Yield Estimation for Hydroponic

Tomatoes using regional CNNs

〇Yuri Isoyama1, Fumiyo Emura1, Hirohisa

Satoh1, Takashi Shinozaki2,3 （1. Kyowa Co.,

Ltd., 2. Japanese Society for Artificial

IntelligenceCiNet, National Insitute of

Information and Communications

Technology, 3. Graduate School of

Information Science and Technology, Osaka

University）

 4:40 PM -  5:00 PM

[1F3-OS-17a-05]

Organized Session | Organized Session | [OS] OS-17

農業と AI(2)[1F4-OS-17b]
小林 一樹（信州大学）、竹崎 あかね（農研機構革新工学センター）
5:20 PM - 7:00 PM  Room F (302B Medium meeting room)
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A Comparative Analysis of Labor Force

Survey Data among Vegetable

Cultivation Systems based on

Agriculture Activity Ontology

〇Akane Takezaki1, Kaoru Maeyama3, Joo

Sungmin2, Hideaki Takeda2, Tomokazu

Yoshida1 （1. National Agriculture and Food

Research Organization , 2. National Institute

of Informatics , 3. Iwate Agricultural Research

Center）

 5:20 PM -  5:40 PM

[1F4-OS-17b-01]

A Method for Judging the Semantic

Similarity between Crops from Farm

Management Articles based on

Agricultural Knowledge Graph

〇Sungmin Joo1, Hideaki Takeda1, Akane

Takezaki2, Tomokazu Yoshida2 （1. National

Institute of Informatics, 2. The National

Agriculture and Food Research

Organization）

 5:40 PM -  6:00 PM

[1F4-OS-17b-02]

Analysis of Konbu-Dashi by multi-band

optical method from a viewpoint of

miscellaneous taste

〇Takaharu Kameoka1, Takumi Taguchi1,

Eriko Nishikawa1, Ryoei Ito1, Atsushi

Hashimoto1, Noriyuki Yugawa2, Nobuaki

Obiki2 （1. Mie University, 2. Tsuji Culinary

Institute）

 6:00 PM -  6:20 PM

[1F4-OS-17b-03]

The individual identification of cattle

using LP-residual signal extracted from

cattle sound

〇Yurie Iribe1, Mako Soga1, Tomoki Kojima 2,

Tatsuaki Masuda2 （1. Aichi Prefectural

University, 2. Aichi Agricultural Research

Center）

 6:20 PM -  6:40 PM

[1F4-OS-17b-04]

Suppression of false alarm using

crowdsourcing in calving detection

system

〇Yusuke Okimoto1, Susumu Saito1,2, Teppei

Nakano1,2, Makoto Akabane1,2, Tetsunori

Kobayashi1, Tetsuji Ogawa1 （1. Waseda

University, 2. Intelligent Framework Lab）

 6:40 PM -  7:00 PM

[1F4-OS-17b-05]

Room G

Organized Session | Organized Session | [OS] OS-13

“ナッジ”エージェント：人をウェル

ビーイングへと導くエージェントの構

築へ向けて(1)

[1G3-OS-13a]

小野 哲雄（北海道大学）、今井 倫太（慶應義塾大学）、植田 一博

（東京大学）、山田 誠二（国立情報学研究所
3:20 PM - 5:00 PM  Room G (302A Medium meeting room)

“ Nudge” Agent

〇Tetsuo Ono1 （1. Hokkaido University）

 3:20 PM -  3:40 PM

[1G3-OS-13a-01]

(Invited talk) Cognitive science of

choice and manipulation

〇Ayumi Yamada1 （1. The University of

Shiga Prefecture）

 3:40 PM -  4:20 PM

[1G3-OS-13a-02]

How do we harness others’ opinions?

〇Itsuki Fujisaki1, Hidehito Honda2, Kazuhiro

Ueda1 （1. University of Tokyo, 2.

Department of Psychology）

 4:20 PM -  4:40 PM

[1G3-OS-13a-03]

Nudge with a forward posture

〇Masaru Shirasuna1, Hidehito Honda2,

Kazuhiro Ueda1 （1. the University of Tokyo,

2. Yasuda Women’s University）

 4:40 PM -  5:00 PM

[1G3-OS-13a-04]

Organized Session | Organized Session | [OS] OS-13

“ナッジ”エージェント：人をウェル

ビーイングへと導くエージェントの構

築へ向けて(2)

[1G4-OS-13b]

小野 哲雄（北海道大学）、今井 倫太（慶應義塾大学）、植田 一博

（東京大学）、山田 誠二（国立情報学研究所
5:20 PM - 6:40 PM  Room G (302A Medium meeting room)

Framework for Human-Agent Team

using Implicit Information Showing via

Behavior

〇Ryo Nakahashi1, Seiji Yamada2,1 （1. The

Graduate University for Advanced

Studies(Sokendai), 2. National Institute of

Informatics）

 5:20 PM -  5:40 PM

[1G4-OS-13b-01]

To determine the display timing of

driving assistant using Nudge

〇Kouichi Enami1, Michita Imai1, Kohei

Okuoka1, Shohei Akita1 （1. Keio

[1G4-OS-13b-02]



©The Japanese Society for Artificial Intelligence 

 Tue. Jun 4, 2019 Organized Session  JSAI2019

University）

 5:40 PM -  6:00 PM

Adaptive Trust Calibration for Human-AI

Collaboration

〇Kazuo Okamura1, Seiji Yamada2,1 （1.

SOKENDAI (The Graduate University for

Advanced Studies), 2. National Institute of

Informatics）

 6:00 PM -  6:20 PM

[1G4-OS-13b-03]

Discussion / Conclusion

 6:20 PM -  6:40 PM

[1G05-07-4]

Room P

Organized Session | Organized Session | [OS] OS-21

プロセス中心のシステムデザインと

ラーニングアナリティクス

[1P3-OS-21]

緒方 広明（京都大学）、近藤 伸彦（首都大学東京）、瀬田 和久

（大阪府立大学）、平嶋 宗（広島大学）、松居 辰則（早稲田大

学）、堀口 知也（神戸大学）
3:20 PM - 5:00 PM  Room P (Front-left room of 1F Exhibition hall)

Data-driven Infrastructure for Evidence-

based Education and Learning

〇Hiroaki Ogata1, Majumdar Rwitajit 1, Gökhan

Akçpinar1, Brendan Flanagan1 （1. Kyoto

University）

 3:20 PM -  3:40 PM

[1P3-OS-21-01]

An Analysis of Learning Processes using

Scrapbox and Learning Outcomes

〇Nobuhiko Kondo1, Toshiharu Hatanaka2,

Takeshi Matsuda1 （1. Tokyo Metropolitan

University, 2. Osaka University）

 3:40 PM -  4:00 PM

[1P3-OS-21-02]

Diagnosing and Promoting Self-Directed

Investigative Learning on the Web

〇Yoshiki Sato1, Akihiro Kashihara1, Shinobu

Hasegawa2, Koichi Ota3, Ryo Takaoka4 （1.

The University of Electro-Communications, 2.

Japan Advanced Institute of Science and

Technology, 3. Japan Institute of Lifelong

Learning, 4. Yamaguchi University）

 4:00 PM -  4:20 PM

[1P3-OS-21-03]

A Lecture Substitution Robot for

Diagnosing and Reconstructing

Presentation Behavior

〇Akihiro Kashihara1, Tatsuya Ishino1,

Mitsuhiro Goto2 （1. The University of Electro-

[1P3-OS-21-04]

Communications, 2. NTT Service Evolution

Laboratories）

 4:20 PM -  4:40 PM

Discussion / Conclusion

 4:40 PM -  5:00 PM

[1P06-09-5]
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Organized Session | Organized Session | [OS] OS-10

不動産と AI(1)
清田 陽司（（株）LIFULL）、山崎 俊彦（東京大学）、諏訪 博彦（奈良先端科学技術大学院大学）、清水 千弘

（日本大学）、橋本 武彦（GA technologies）
Tue. Jun 4, 2019 1:20 PM - 3:00 PM  Room D (301B Medium meeting room)
 

 
Assessment of Thermal Insulation and Sound Performance of
Apartments Based on IoT Sensing 
〇Toshihiko Yamasaki1, Yuki Obuchi1, Yuan Lin1, Ryoma Kitagaki2, Satoshi Toriumi3,

Mikihisa Hayashi3, Ai Sakai4, Nobuhito Haga4, Shimpei Nomura4, Yoichi Ikemoto4 （1.

The University of Tokyo, 2. Hokkaido University, 3. Future Standard Co., Ltd., 4.

Recruit Sumai Company Ltd.） 

 1:20 PM -  1:40 PM   

Data Collection for the Comfort Level of Rental Property by IoT
Sensing 
〇Hirohiko Suwa1, Atsushi Otsubo1, Yugo Nakamura1, Masahito Noguchi2 （1. Nara

Institute of Science and technology, 2. LIFULL Co., Ltd.） 

 1:40 PM -  2:00 PM   

Business utilization of real estate image classification system
using deep learning 
〇Tomoya Tsukahara1, Kodai Sudo1 （1. BrainPad Inc.） 

 2:00 PM -  2:20 PM   

Proposal of Railway Route Search System for Finding Living Place 
〇Keisuke Kikuchi1, Kenichiro Kobayashi2, Takehiko Hashimoto2, Yasufumi Takama1

（1. Tokyo Metropolitan University, 2. GA Technologies） 

 2:20 PM -  2:40 PM   

Evaluation of Rent Prediction Models using Floor Plan Images 
〇Ryosuke Hattori1, Kazushi Okamoto1, Atsushi Shibata2 （1. The University of

Electro-Communications, 2. Advanced Institute of Industrial Technology） 

 2:40 PM -  3:00 PM   



IoT

Assessment of Thermal Insulation and Sound Performance of Apartments Based on IoT Sensing

, , ∗1
Toshihiko Yamasaki, Yuki Obuchi, Yuan Lin

∗2
Ryoma Kitagaki

, ∗3
Satoshi Toriumi, Mikihisa Hayashi

, , , ∗4
Ai Sakai, Nobuhito Haga, Shimpei Nomura, Yoichi Ikemoto

∗1
The University of Tokyo

∗2
Hokkaido University

∗3
Future Standard Co., Ltd.

∗4
Recruit Sumai Company Ltd.

We have been developing IoT sensors for the evaluation of the comfort levels of real estate building properties.
In this paper, we additionally evaluated thermal insulation performance and sound performance. We are now
conducting a large-scale experiments using 60+ properties to assess the system’ usability and reliability.

1.

IoT

[ 16, 17a, Obuchi 18]

[ 17b]

IoT

2.

IoT ( 1)
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Raspberry Pi 3 Model B I2C
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yamasaki@hal.t.u-tokyo.ac.jp
∗1 https://www.scorer.jp/
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5.

IoT

[ 16] , , , , , “

IoT ,”

ITE , 11C-4, 2016.

[ 17a] , , , , ,

“IoT ,”

JSAI, 1H2-OS-15a-4, 2017.

[ 17b] , , , , ,

, , , “ IoT

,” IEICE-MVE, ,

vol. 117, no. 217, MVE2017-15, pp.7-11, 2017.

[Obuchi 18] Yuki Obuchi, Toshihiko Yamasaki, Kiyoharu

Aizwa, Satoshi Toriumi, Mikihara Hayashi, “Measure-

ment and Evaluation of Comfort Levels of Apartments

Using IoT Sensors,” ICCE2018, pp. 864-869, 2018.
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IoT  
Data Collection for the Comfort Level of Rental Property by IoT Sensing 

*1 *1 *1 *2 
Hirohiko Suwa, Atsushi Otsubo, Yugo Naskamura, Masahito Noguchi 

 *1  *2 LIFULL 
 Nara Institute of Science and Technology LIFULL Co., Ltd. 

Abstract: When searching for a rental property, information such as rent, breadth, time to station and age of a building is used. 
These indicators are quantitative data and can be compared. However, some conditions such as quiet and sunny are often 
described in comments in the remarks column are difficult to compare because there is ambiguity in the state recognition of 
each property. Therefore, indices that can quantitatively evaluate noise and sunrise are required. For indexing, it is necessary 
to collect data, but because the target is vacant, a data collection device cannot use power from the outlet. Therefore, it is 
necessary to construct an IoT device capable of sensing environmental information without supplying power from the outlet. 
In this paper, we develop an environmental information sensing device under the constraint that there is no electricity in the 
vacant rental property and a no Internet environment. As a result of the demonstration experiment based on the cooperation 
of real estate agents, we showed the possibility that the proposed device can collect data. 
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[Chiarazzo 14] Vincenza Chiarazzo, Leonardo Caggiani, M. M. 

M. O.: A Neural Network based model for real estate price 
estimation considering environmental quality of property lo 
cation, Transportation Research Procedia 3, pp. 810–817 
(2014).  

[ 17]
IoT 

 31 JSAI2017) (2017).  
[Obuchi 18] Obuchi, Y., Yamasaki, T., Aizawa, K., Toriumi, S. 

and Hayashi, M.: Measurement and evaluation of comfort 
levels of apartments using IoT sensors, 2018 IEEE 
International Conference on Consumer Electronics (ICCE), 
pp. 1–6 (online), DOI: 10.1109/ICCE.2018.8326169 (2018). 

[Sumo 17] SUMO               
  857                
 2017 (https://suumo.jp/article/oyakudachi/oyaku/chintai/fr 
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Business utilization of real estate image classification system using deep learning 

 *1  *2 
 Tomoya Tsukahara  Kodai Sudo 

 *1  *2  
 BrainPad Inc.   BrainPad Inc. 

In the real estate industry, they need to reduce the cost of operations by using deep learning. This paper mentions real estate 
image classification system we built for Daito Trust Co., Ltd. 
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Proposal of Railway Route Search System for Finding Living Place

Keisuke Kikuchi∗1 Kenichiro Kobayashi∗2 Takehiko Hashimoto∗2 Yasufumi Takama∗1

∗1
Graduate School of System Design, Tokyo Metropolitan University

∗2 GA technologies
GA Technologies

This paper proposes a route search system for supporting users to find their living place based on railway
information. When we want to find a living place, the access to the place of work or school is usually considered.
However, usual railway search systems are designed to search a route from departure station to destination at a
specified time. Given the destination station and conditions such as commuting time and the number of connection,
the proposed method finds multiple stations satisfying the conditions. This paper describes the search algorithm
and explains the feedback about a prototype system from the salespersons in a real-estate company.
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Evaluation of Rent Prediction Models using Floor Plan Images

∗1
Ryosuke Hattori

∗2
Kazushi Okamoto

∗3
Atsushi Shibata

∗1
Faculty of Informatics and Engineering, The University of Electro-Communications

∗2
Graduate School of Informatics and Engineering, The University of Electro-Communications

∗3
Graduate School of Industrial Technology, Advanced Institute of Industrial Technology

This study constructs rent prediction models with/without floor plan images in order to validate whether such
images contribute the prediction accuracy. In addition, applications of PCA (principal component analysis) and
convolutional neural network are considered as a feature extractor from floor plan images. The prediction accuracy
is measured using properties of 90,000 rental housings in Tokyo. In the experimental results, the root mean squared
error values of the prediction model with floor plan images and PCA tend to be higher than without floor plan
images. This suggests that the use of floor plan images contributes to accuracy of rent prediction.
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3:20 PM - 4:00 PM  (Tue. Jun 4, 2019 3:20 PM - 5:00 PM  Room D)

(Invited talk) Recent studies on real estate tech in

China
〇Xiangyu Guo1 （1. Fudan University）

Keywords: real estate tech, real estate finance, urban economics

 
With efforts to improve productivity through introduction of technologies in the real estate industry globally,

progress in sharing of information and data by technologies is thriving in the Chinese market as well. This

presentation shows the latest situations of the Real Estate Tech in China centering on real estate property

price estimation.



2

Two-Step estimation model using machine learning at detached house price

∗1
Yusuke Takahashi

∗1
FUJITSU CLOUD TECHNOLOGIES LIMITED

This paper reports the result of trying to estimate the detached house price with a two step model. By handling
the advantages of linear model and nonlinear model in combination, we can expect explanation possibility and
estimation accuracy for model when estimating house price. Experiments compare the methods by machine learning
and the effects of explanatory variables to be input to the nonlinear model.
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Web

Statistical modeling of the transition time of an occupation of rental rooms by using the housing
information website data

∗1
Hayafumi Watanabe

∗2
Yu Ichifuji

∗3
Masahito Suzuki

∗4
Satoshi Yamashita

∗1
Kanazawa University

∗2
Nagasaki University

∗3UD
UD Asset Valuation Co., Ltd.

∗4
The institute of statistical mathematics

The apartment loan is a loan for rentals such as for condos, apartments. This loan is a very large loan which
is the account for a percentage of more than 10 percents of the whole banks’ loan. However, a risk model of the
apartment loan with the appropriate accuracy has not been provided in Japan mainly due to the lack of data Thus,
in order to develop the risk model, we analyzed the duration in which a vacant room become occupied by a tenant
by using the housing information website data, as a first step. As a result, it was found that (i) This duration can
be explained by the geometric distribution, and (ii) The mixture geometric regression model considering nonlinear
effects can describe the data properties. In addition, coefficients of this model roughly consistent with the empirical
common senses.
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AI UX

Efforts on UX innovation in real estate field by utilizing AI

∗1
Yoji Kiyota

∗1
Satoshi Shiibashi

∗1
Takeshi Ninomiya

∗1
Takao Yokoyama

∗1
Takuro Hanawa

∗1
Takeshi Eto

∗1
Akiko Yokoyama

∗1
Kei Kikuchi

∗1
Musashi Kobayashi

∗1
Akane Kameda

∗1
Kazuki Takigawa

∗1
Yusuke Saito

∗1
Kazushi Katayama

∗1 LIFULL
LIFULL Co., Ltd

This presentation describes attempts to innovate user experience (UX) in real estate field by artificial intelligence
technologies. (1) We applied deep learning to property photographs to improve UX, both by implementing auto-
mated annotation of photographs, and by creating a new UX ”search properties simply by holding a smartphone
camera over the street corner”. (2) For the UX problem of real estate sales transaction that it is difficult to properly
pricing, we developed a service that provides reference prices of apartments in Japan on the map, using a reference
price calculation algorithm by machine learning.
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1:20 PM - 2:00 PM  (Tue. Jun 4, 2019 1:20 PM - 3:00 PM  Room E)

(Invited talk) Sentential Decision Diagrams and related

topics
〇Masaaki Nishino1 （1. NTT Communication Science Laboratories）

Keywords: Sentential Decision Diagrams, Discrete Structure, Binary Decision Diagrams

 
Sentential Decision Diagrams （ SDD）は近年提案された決定グラフの一種であり，二分決定グラフ (BDD）と

同等の演算性能を保持しつつ， BDDよりも簡潔な表現が可能という特徴をもつ．本講演では SDDの紹介と，講演

者らの最近の研究成果である Zero-suppressed SDD （ ZSDD）や， SDDの効率的な構築方法などを紹介する．



SAT Glucose MCS

MCSes Enumeration with the Glucose SAT Solver

∗1
Miyuki Koshimura

∗2
Ken Satoh

∗1
Faculty of Information and Electrical Engineering, Kyushu University

∗2
National Institute of Informatics

Enumerating all Maximal Satisfiable Subsets (MSSes) or all Minimal Correction Subsets (MCSes) of an un-
satisfiable CNF Boolean formula is a cornerstone task in various AI domains. This paper considers MCSes enu-
meration with a SAT solver. We aim to develop a procedure which outperforms several MCSes enumerators
proposed so far. The paper presents a basic enumeration procedure and compares it with a state-of-the-art enu-
merator Enum-ELS-RMR-Cache. The experimental results show that the proposed procedure is more efficient than
Enum-ELS-RMR-Cache to solve Partial-MaxSAT instances but it is inefficient than Enum-ELS-RMR-Cache to solve
plain MaxSAT instances.
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μ V ar {0, 1}
Σ μ Σ 1

Σ satisfiable μ

unsatisfiable

Σ1 Σ2

Σ (= Σ1 ∪Σ2) MSS MCS

1 (MSS) Σ MSS maximal satisfiable subset Φ

Σ1 Σ Σ1 ⊆ Φ ⊆ Σ

∀α ∈ Σ \ Φ,Φ ∪ {α}

MSS Σ1 Σ2

2 (MCS) Σ MCS minimal correction subset Ψ

Σ Ψ ⊆ Σ Σ \Ψ
Σ MSS

:

819-0395 744 092-802-3599

koshi@inf.kyushu-u.ac.jp

MSS Σ1 MCS Σ2 MCS

Σ2 Σ

SAT MCS

clause selector

α ∈ Σ2

sα α∨¬sα
ΣS

2 = {α∨¬sα | α ∈ Σ2}
SAT Σ

Σ1 ∪ ΣS
2

sα = 1 α ∨ ¬sα α

sα = 1 α ∨ ¬sα
activate sα = 0

deactivate MSS Σ1 ∪ ΣS
2

MCS

MCS

3. MCS

Algorithm 1 6

SAT (Σ1∪ΣS
2 , A) SAT A

1 Σ1 ∪ ΣS
2

st TRUE

μ st FALSE

SAT

MCS A

B A

{α | μ(sα) = 1} AMSS MSS B

{α | μ(sα) = 0} BMCS

MCS SAT

6 10 B

BMCS MCS A

AMSS MSS 10
∨

sα∈B
sα

BMCS MCS
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Algorithm 1 Enum-MCS (Σ MCS )

Σ (= Σ1 ∪Σ2) Σ1

Σ2

Σ MCS

1: ΣS
2 ← {α ∨ ¬sα | α ∈ Σ2}; // sα α

2: S ← {sα | α ∈ Σ2}; //

3: A ← ∅; // MSS

4: B ← ∅; // MCS

5: while true do

6: (st, μ) = SAT (Σ1 ∪ ΣS
2 , A) // SAT

7: if st = TRUE then

8: A ← {sα | μ(sα) = 1}
9: B ← {sα | μ(sα) = 0}

10: Σ1 ⇐ Σ1 ∪ (
∨

sα∈B
sα) //

11: else if A = ∅ then

12: return

13: else

14: output(B); // BMCS MCS

15: A ← ∅;
16: end if

17: end while

1:

MS 156,844 0 496,827

PMS 16,032 100,134 10,759

SAT BMCS

MCS BMCS MCS

14 15 A ← ∅ MSS

SAT

A MCS

11 12

S− = {¬sα | α ∈ Σ2}
[Koshimura 09]

4.

SAT Glucose

3.0[Audemard 09, Eén 03]

[Grégoire 18] 1090

MS

493

PMS 597

32Gb Intel Xeon E3-

1246v6(3.70GHz) Ubuntu 18.04

[Grégoire 18]

30 8Gb

1 MS PMS

MS

2

2: MCS

Enum-ELS-RMR-Cache

MS 349,155 60,173

PMS 494,308 637,800

MCS MS PMS

[Grégoire 18] MCS

Enum-ELS-RMR-Cache∗1

MCS

MS Enum-ELS-RMR-Cache PMS

MS

MS

Glucose assumption

MCS assumption

SAT

MS

[Audemard 13]

5.

SAT MCS

SAT Glucose

Enum-ELS-RMR-Cache PMS

MS

Enum-ELS-RMR-Cache

PMS

JSPS JP16K00304 JP17K00307

[Audemard 09] G. Audemard, L. Simon: Predicting Learnt

Clauses Quality in Modern SAT Solver, IJCAI-09,

pp.399-404, 2009.

[Audemard 13] G. Audemard, J.-M. Lagniez, L. Simon:

Improving Glucose for Incremental SAT Solving with

Assumption: Application to MUS Extraction, SAT

2013, pp.309-317, 2013.

[Eén 03] N. Eén, N. Sörensson: An Extensible SAT-solver,

SAT-03, pp.502-518, 2003.

[Grégoire 18] É. Grégoire, Y. Izza, J.-M. Lagniez: Boosting

MCSes Enumeration, IJCAI-18, pp.1309-1315, 2018.

[Koshimura 09] M. Koshimura, H. Nabeshima, H. Fujita,

R. Hasegawa: Minimal Model Generation with Re-

spect to an Atom Set, FTP 2009, pp.49-59, 2009.

∗1 http://www.cril.fr/enumcs
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A SAT-based CSP Solver sCOP and

its Results on 2018 XCSP3 Competition

Takehide Soh∗1 Daniel Le Berre∗2 Mutsunori Banbara∗3 Naoyuki Tamura∗1

∗1Kobe University ∗2CRIL-CNRS, UMR 8188, Université d’Artois ∗3Nagoya University

Constraint Satisfaction Problem (CSP) is the combinatorial problem of finding a variable assignment which
satisfies all given constraints over finite domains. CSP has a wide range of applications in the research domains
of Artificial Intelligence and Operations Research. XCSP3 is one of major constraint languages that can describe
CSPs. More than 23,000 instances over 105 series are available in the XCSP3 database. In 2018, the international
XCSP3 competition was held and 18 solvers participated.

This paper describes the under development CSP solver sCOP and its results on the 2018 XCSP3 competition.
sCOP is a SAT-based solver which encodes CSPs into SAT problems and finds a solution using SAT solvers. Cur-
rently, sCOP equips the order and log encodings, and uses off-the-shelves backend SAT solvers. We registered sCOP
to two competition tracks—CSP-Standard-Sequential and CSP-Standard-Parallel—of the 2018 XCSP3 competition
and won both tracks.

1. Input of sCOP—XCSP3 Language
This section explains the XCSP3 language [Boussemart 17], an

input of the CSP solver sCOP. XCSP3 is an XML based constraint

language that can describe CSPs. Let’s start with an easy example

of XCSP3 and then explain its constraints.

1.1 Example
The graph coloring problem (GCP) is a problem whose goal is

to assign a color to each node in a given graph such that there is no

two same-colored nodes connected by an edge. Figure 1 shows an

instance of GCP.

This GCP can be represented by a CSP. We introduce five

variables n0, n1, n2, n3, n4. Each variable has the same domain

{0, 1, 2} which represents different colors like red, green, and

blue. We also introduce the conjunction of the six inequalities

representing the constraints of the GCP instance.

n0 �= n1 n0 �= n4 n1 �= n2

n1 �= n3 n2 �= n3 n3 �= n4

This CSP can be represented by the XCSP3 instance in Fig. 1.

Line 1 describes the format name “XCSP3” and the type “CSP” of

the given problem. Line 2 to 4 describe the five integer variable by

using array. The domain of those array variables is set to the range

from 0 to 2, and their identifier is set to “n”. Line 5 to 14 describe

the conjunction of the six inequalities.

1.2 Constraints in XCSP3
In the previous example, constraints are represented by using

intentional constraints (ne). Except intensional constraints, we

can use extensional and global constraints in XCSP3. This section

explains each kind of constraints.

Intentional constraints are constraints using the arithmetic, logi-

cal, and comparison operators. As arithmetic operators, add (ad-

dition), sub (subtraction), mul (multiplication), div (integer di-

Contact: Takehide Soh, Information Information Science and

Technology Center, Kobe University, 1-1 Rokkodai, Nada,

Kobe, 657-8501, soh@lion.kobe-u.ac.jp

0

3

4 1

2

<instance format="XCSP3" type="CSP">

<variables>

<array id="n" size="[5]"> 0..2 </array>

</variables>

<constraints>

<intension>

and(ne(n[0],n[1]),

ne(n[0],n[4]),

ne(n[1],n[2]),

ne(n[1],n[3]),

ne(n[2],n[3]),

ne(n[3],n[4]))

</intension>

</constraints>

</instance>

Figure 1: (top) GCP instance (bottom) its XCSP3 representation

vision), abs (absolute value), etc. can be used. As logical oper-

ators, not (¬), and (∧), or (∨), xor (⊕), iff (⇔), imp (⇒),

etc. can be used. As comparison operators, le (≤), lt (<), ge

(≥), gt (>), ne ( �=), eq (=), etc. can be used. For instance, a

constraint (2x+3 < y)∨ z ≥ 1 can be represented in the follow-

ing intensional constraints of XCSP3.

<intension>

or(lt(add(mul(2,x),3),y),ge(z,1))

</intension>

1
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Normalized
CSP

XCSP3
File

CNF
Formulas

Solution Model

1) Parsing
2) Normalizations

3) Propagations
4) Encoding

5) SAT Solving

Decoding

Figure 2: Framework of sCOP

Extensional constraints represent feasible (or infeasible) value

combinations of variables extensionally. It is also called table con-

straints. As the name suggests, constraints are often represented

by tables. For instance, one of the inequalities in the previous

GCP example, n0 �= n1 is represented by the following tables.

(Support Table for n0 �= n1)

n0 n1

0 1

0 2

1 0

1 2

2 0

2 1

(Conflict Table for n0 �= n1)

n0 n1

0 0

1 1

2 2

There are two types of extensional constraints: support and con-
flict. The former represents feasible value combinations of vari-

ables and the latter represents infeasible ones. Obviously, they

complement each other and one of them is enough to represent

constraints. The conflict table above can be represented in the fol-

lowing extensional constraints of XCSP3.

<extension>

<list> n[0] n[1] </list>

<conflicts> (0,0)(1,1)(2,2) </conflicts>

</extension>

Global constraints represent comparatively complex but useful

constraints to model applications. In XCSP3, 19 global constraints

are available. For instance, allDifferent is such a global constraint

ensuring mutually different values must be assigned to given vari-

ables. An implicit allDifferent constraints between nodes 1, 2, and

3 in the previous GCP instance can be represented in the following

constraints of XCSP3.

<allDifferent>

n[1] n[2] n[3]

</allDifferent>

Other than above, XCSP3 provides more advanced constructs

for symbolic/set/real/graph/stochastic/qualitative variables, soft

constraints, mono and multi objective optimization, etc. In XCSP3

competitions, a set of basic constructs named XCSP3-Core is used.

Interested reader is referred to the full specification ∗1.

2. SAT-based CSP Solver sCOP
sCOP [Soh 18] is a SAT-based CSP Solver written in Scala.

Given a XCSP3 instance file, sCOP finds a solution using a SAT

∗1 http://www.xcsp.org/specifications

solver. Figure 2 shows the framework of sCOP.

Following Sugar [Tamura 08] and Diet-Sugar [Soh 17],

sCOP encodes CSPs (XCSP3 instances) into SAT problem

in conjunctive normal form (CNF) using (i) the order encod-

ing [Tamura 09, Tamura 13] and (ii) the log encoding for Pseudo-

Boolean (PB) constraints [Soh 17]. Then, sCOP invokes a SAT

solver that would find a model if any. The obtained model is de-

coded into a solution of the XCSP3 instance. sCOP is publicly

available in its web page ∗2.

1) Parsing. Parsing of XCSP3 formatted file is done by using

an XCSP3 official tool XCSP3-Java-Tools ∗3. Currently, sCOP
accepts all constraints in the XCSP3-core language∗1.

2) Normalization. Before pre-processing, all constraints are trans-

lated into intensional constraints. This normalization is processed

as follows. Global constraints are translated into intensional con-

straints by a straightforward way but we use extra pigeon hole con-

straints for allDifferent constraints as in Sugar [Tamura 08]. Ex-

tensional constraints are translated into intensional constraints by

using a variant of multi-valued decision diagrams. This is a differ-

ence to ones in Sugar. All intentional constraints are normalized

to be in the form of CNF using Tseitin transformation. Literals of

this CNF-CSP are linear comparisons
∑

i aixi ≥ k where ai’s are

integer coefficients, xi’s are integer variables and k is an integer

constant.

3) Pre-processing: propagation. Constraint propagations are ex-

ecuted to the normalized CSP (clausal CSP, i.e., in the form of

CNF over linear comparisons
∑

i aixi ≥ k) to remove redundant

values, variables, and linear comparisons. Currently, it is done by

using an AC3 like algorithm.

4) Encoding into SAT. In sCOP, the order encoding [Tamura 09,

Tamura 13] and the log encoding are used. The order encoding

uses propositional variables px≥d’s meaning x ≥ d for each do-

main value d of each integer variable x. To encode linear compar-

isons, Algorithm 1 of the literature [Tamura 13] is used in sCOP.

The log encoding uses a binary representation of integer variables.

There are several ways to encode linear comparisons by using

those propositional variables. In sCOP, we replace all integer

variables with its binary representation—it gives us a set of PB

constraints. We then encode those PB constraints into CNF for-

mulas by using the BDD encoding [Eén 06]. sCOP basically uses

the order encoding but uses the log encoding in case that the huge

number of clauses is expected to be encoded. For this expectation,

the idea of domain product criteria [Soh 17] is used.

5) SAT Solving. By using DIMACS CNF files, sCOP’s backend

∗2 https://tsoh.org/sCOP/
∗3 https://github.com/xcsp3team/XCSP3-Java-Tools
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SAT solver is switchable. In the 2018 XCSP3 competition, sCOP
uses MapleCOMSPS and glucose-syrup. A SAT solver Maple-
COMSPS ∗4 is used for sequential CSP solving. It is the winning

solver on the main track of the SAT competition 2016. It also

shows a good performance for solving CSP instances encoded by

sCOP. A SAT solver glucose-syrup ∗5 is used for parallel CSP

solving. It is the winning solver on the parallel track of the SAT

competition 2017.

Example. After saving the XCSP3 instances of Figure 1 as a plain

text file gcp.xml, the execution of sCOP returns the following

results using a default SAT solver.

$ java -jar scop.jar gcp.xml

<... encoding information ...>

s SATISFIABLE

v <instantiation>

v <list>n[0] n[1] n[2] n[3] n[4]</list>

v <values>2 0 2 1 0</values>

v </instantiation>

3. Results on 2018 XCSP3 Competition
International competitions of CSP solvers using the XCSP lan-

guage have been held since 2005. The first series were held with

earlier versions of XCSP languages and called International CSP

Solver Competition (CSC). CSCs were held in 2005, 2006, 2008

and 2009. After some break period, it is re-started in 2017 with

XCSP3. In those competitions, solvers are submitted from re-

search institutions over Europe and North America.

3.1 Overview of 2018 XCSP3 Competition
In 2018 XCSP3 Competition, there are the following 8 tracks.

Solver Seq/Par Timeout #Ins. #Sol.

CSP Standard Sequential 40 min. 236 14

Parallel 40 min. 236 4

COP Sequential 40 min. 346 8

Parallel 40 min. 346 1

Sequential 4 min. 346 7

Parallel 4 min. 346 1

CSP Mini Sequential 40 min. 176 11

COP Sequential 40 min. 188 7

CSP and COP are categories for Constraint Satisfaction Prob-

lem and Constraint Optimization Problem. There are two solver

categories: Mini is a category for “mini solvers” which is compar-

atively small and simple solvers. Also, those mini solvers must be

open source software. Standard is a category for other solvers. Se-
qential and Parallel are categories for sequential solvers and paral-

lel solvers that can use eight CPU cores. For COP category, there

is a “Fast” solver track whose goal is to evaluate solvers comput-

ing a good quality solution within a comparatively short time—4

minutes. In the other tracks, 40 minutes for each instance are given

to solvers. About benchmark, 236 instances are selected for CSP

categories and 346 instances are selected for COP categories. In

case for “mini solvers”, benchmark instances are limited to con-

tain only intensional constraints or some basic global constraints.

∗4 https://sites.google.com/a/gsd.uwaterloo.ca/
maplesat/

∗5 http://www.labri.fr/perso/lsimon/glucose/

Table 1: Ranking of CSP-Standard-Sequential Track

Rank Solver #Solved S/U %VBS

— VBS (Virtual Best Solver) 163 103/60 100

1 scop-order+maple 146 92/54 90

2 scop-both+maple 140 87/53 86

3 PicatSAT 138 85/53 85

4 Mistral-2.0 116 80/36 71

5 Choco-solver-4.0.7b seq 115 77/38 71

6 Concrete-3.9.2 92 64/28 56

7 OscaR - Conf. Ord. Res. 90 62/28 55

8 Concrete-3.9.2-SuperNG 84 55/29 52

9 Sat4j-CSP 83 40/43 51

10 OscaR - Conf. Order. 81 51/30 50

11 cosoco-1.12 79 53/26 48

12 BTD 76 31/45 47

13 BTD_12 76 32/44 47

14 macht 66 33/33 40
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Figure 3: Cactus Plot of CSP-Standard-Sequential Track

Among those eight tracks, two tracks were canceled because there

was only one solver registered.

sCOP registered to CSP-Standard-Sequential and CSP-

Standard-Parallel tracks. The former is popular and the most com-

petitive track in a sense of the number of participated solvers.

3.2 Results of sCOP
Table 1 shows the solver ranking of the CSP-Standard-

Sequential track with regards to the number of solved instances.

The first row shows the abstract VBS (virtual best solver) which is

the collection of the best solver for each instance. The third col-

umn shows the number of instances solved and the fourth column

shows the number of satisfiable and unsatisfiable instances solved.

The fifth column shows the percentages of the number of solved

instances w.r.t. VBS. Among all 14 solvers, sCOP using the order

encoding solved the most number of instances. sCOP using the

both of the order and log encodings takes the second place.

Figure 3 shows the cactus plot whose x-axis is the number of in-

stances solved and y-axis is the CPU time in seconds. The meaning

of the cactus plot is that “each of x instances were solved within

y CPU seconds”. Note that “which x instances” are different for

each solver. For each plot, being righter means solvers solve more

instances, being lower means solvers solve instances faster.
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Table 2: Number of Instances Solved: Figures are organized by instance series.

Series Name #Ins. Choco-solver-4.0.7b Mistral-2.0 PicatSAT scop-both+maple scop-order+maple Ctrs.

Bibd 12 4 8 8 8 8 pure int

CarSequencing 17 11 6 17 12 17 sup.

ColouredQueens 12 3 4 4 3 3 pure int

Crossword 13 5 3 2 3 3 sup.

Dubois 12 7 7 12 12 12 sup.

Eternity 15 7 7 6 6 6 sup.

Frb 16 3 3 3 5 5 conf./sup.

GracefulGraph 11 6 6 6 6 6 pure int

Haystacks 10 4 2 10 10 10 conf./sup.

Langford 11 7 9 9 9 9 pure int

MagicHexagon 11 4 5 3 3 3 pure int

MisteryShopper 10 10 10 10 10 10 sup.

PseudoBoolean-dec 13 4 6 4 7 8 pure int

Quasigroups 16 6 6 7 8 8 pure int

Rlfap-dec-scens11 12 11 10 12 12 12 pure int

SocialGolfers 12 6 6 8 8 8 pure int

SportsScheduling 10 3 4 4 4 4 sup.

StripPacking 12 7 8 11 11 11 sup.

Subisomorphism 11 7 6 2 3 3 conf./sup.

Total 236 115 116 138 140 146

Table 2 shows the number of instances solved. We picked up the

top five solvers and all figures are organized by 19 instance series.

The second column “#Ins.” denotes the number of instances in-

cluded in each series. The last column “Ctr.” denotes types of con-

straints: “pure int” means instances consist of only intensional and

global constraints, “sup.” means instances containing extensional

constraints of supports, “conf.” means instances containing exten-

sional constraints of conflicts. According to the results, sCOP is

particularly better than others in Pseudo-Boolean series and Quasi-

groups. Oppositely, it is worse than others in Subisomorphism.

In CSP-Standard-Parallel track, four solvers are registered.

sCOP using the order encoding is also better than other solvers.

All information contains, i) how instances are selected, ii) de-

scriptions of instance series and solvers, are available in the com-

petition proceedings [Lecoutre 18].

4. Conclusion
This paper describes the under development SAT-based CSP

solver sCOP and its results during the 2018 XCSP3 Competition.

The sCOP solver is written in Scala and currently uses the order

and log encodings to solve XCSP3 instances. The results of 2018

XCSP3 Competition showed that sCOP is superior to the other

state-of-the-art XCSP3 solvers in terms of the number of solved

instances within the given time limit. Future work is as follows.

Adapting COP is important. To improve performance, implement-

ing more SAT encodings and their hybridization are necessary. To

enhance usability, supporting other constraint languages such as

MiniZinc or Sugar’s language are also important future work.
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An Analysis of Entry and Exit Data in Office by Decision Tree Learning Using Clustering Factor
Matrix from Non-negative Multiple Matrix Factorization

Seidai Kojima Hayato Ishigure Miwa Sakata Atsuko Mutoh Koichi Moriyama Nobuhiro Inuzuka

Department of Computer Science, Graduate School of Engineering, Nagoya Institute of Technology

Recently, IC card systems are popular and their log data are used for analyzing human behaviors. In this paper,
we extract user behavior patterns using Non-negative Multiple Matrix Factorization (NMMF) and propose an
analysis method to analyze patterns and attribute information by decision tree learning using clustering factor
matrix. We examine our proposed method using actual entry and exit data and confirm the effect.
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1:

4.

4.1
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(
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−
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4.2.1 X

X
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9 ( (
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1
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4.3 NMMF
NMMF [7]

NMMF

NMMF

4.3.1

4.2 X Y NMMF 2

A B X

2:

A C Y

A

B

C

4.3.2

2 ≈

dEU (xij ||x̂ij) =
1

2
(xij − x̂ij)

2. (1)

d D (2)

DEU (X||X̂) =

I,J∑
i,j=1

dEU (xij ||x̂ij). (2)

X X̂ D(X||X̂)

Y D(Y ||Ŷ )) NMMF (3)

arg min
A,B,C

{DEU (X||X̂) +DEU (Y ||Ŷ )} s.t.A,B,C ≥ 0. (3)
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(4)-(6)

air ← air

∑J

j=1
xijbjr +

∑K

k=1
yikckr∑J

j=1
x̂ijbjr +

∑K

k=1
ŷikckr

. (4)

bjr ← bjr

∑I

i=1
xijair∑I

i=1
x̂ijair

. (5)

ckr ← ckr

∑I

i=1
yikair∑I

i=1
ŷikair

. (6)

4.3.3

X,Y

(7)-(9)

A ∼ Uniform

{
0,

1√
J ∗R +

1√
K ∗R

}
. (7)

B ∼ Uniform

{
0,

2√
J ∗R

}
. (8)

C ∼ Uniform

{
0,

2√
K ∗R

}
. (9)

1

1

4.3.4

[10] X,Y

9 3 A,B,C

3

3: NMMF

2:
1 2 3 4 5 6 7 8 9 10 11

26 14 8 13 11 5 46 29 21 51 108

4.4
A(

3

k-means

elbow

11

4 2

4: A

4.5

3

11

5

5: 11

4.6
4

B C 3

3 4 11

3 11

4

11

11

4

3
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• 3 8 2

4 2

Manager Sr. Specialist Staff 15 27

3

(Manager Sr. Specialist) Staff

• 4 13 5

11 5

4 7 5

5–20

3 Assistant Manager

Specialist 25–30 35–40 , 50–55 10

40 4

25–30 35–40 50–55

Manager Specialist 3

5-20

• 11 108 4 5

7

7

20-90

6 –9

15–19 Manager Sr. Specialist

14 93 11

Manager Sr. Specialist 4

7

4 11

5.

NMMF

elbow
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HyLaGI

A Branch-and-bound Algorithm for Determining Discrete Changes for Hybrid Constraint Solver
HyLaGI

Masashi SATO Kazunori UEDA

∗1
Graduate School of Fundamental Science and Engineering, Waseda University

∗2
Faculty of Science and Engineering, Waseda University

Hybrid systems are dynamical systems involving continuous and discrete changes. Various models such as cyber-
physical systems and control systems can be discribed as hybrid systems. We are developing HydLa, a modeling
language of hybrid system and its symbolic simulator HyLaGI. HyLaGI performs exhaustive search to find time
points of discrete changes, but its computation becomes a bottleneck for some programs having a large number of
guarded constraints. In this research, we propose a efficient search method using a branch-and-bound algorithm
and implement a prototype. The result of simple experiment shows that our approach reduces most of the search
cost in the motivating example.

1.
[4]

,

.

, HyLaGI[2] . HyLaGI , HydLa[1]

,

. HydLa ,

( / , )

. HyLaGI HydLa

,

.

, HyLaGI

. HyLaGI

, ,

.

,

,

.

2. HyLaGI
HydLa ,

( ) ,

. ,
∗1

. HyLaGI ,

Mathematica

Minimize ,

. ,

:

, 169-8555 3-4-1 63 5 02

03-5286-3340 masashi(at)ueda.info.waseda.ac.jp

∗1 ask

1 // #define N 6
2
3 INIT_X(v) <=> (x = 0 & x’=v).
4 X_MOVE <=> [](x’’ = 0).
5 INIT_Y(h) <=> (y = h & y’ = 0).
6 FALL(g) <=> [](y’’ = -g).
7 WALL(w) <=> [](x- = w & 0<=y-<=2*N => x’ = -x’-).
8
9 BOUNCE_ON_STEP_HOR(cornerx) <=>

10 []( (y- = N - cornerx-) & (cornerx- <= x- < cornerx- + 1)
11 => (y’ = -9/10 * y’-) ).
12 BOUNCE_ON_STEP_VER(cornerx) <=>
13 []( (x- = cornerx-) & (N - cornerx- < y- <= N - cornerx- + 1)
14 => (x’ = -x’-) ).
15 BOUNCE_HOR := { BOUNCE_ON_STEP_HOR(i) | i in {0..N} }.
16 BOUNCE_VER := { BOUNCE_ON_STEP_VER(i) | i in {0..N} }.
17
18 INIT_X(1), INIT_Y(N + 3),
19 (FALL(9.8) << BOUNCE_HOR),
20 (X_MOVE << BOUNCE_VER << WALL(0)).

1: HydLa

,

.

2.1
1 , HydLa

. HydLa [1] .

10, 13 , . 1

, .

2 , N HyLaGI

. 10

. ,

. ,

.

3.
[3] ,

,

. ,

1
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2:

.

3.1
,

. ,

. 1 .

, ,

.

1. x ∈ Xp f (x) P ,

x ∈ Xrp f (x) RP ,

Xp ⊂ Xrp , P zp∗ RP zrp∗
, zp∗ ≥ zrp∗.

. f (xp∗) = zp∗ P xp∗ ,

xp∗ ∈ Xp ⊂ Xrp , xp∗ RP .

∴ zp∗ ≥ zrp �

3.2
( )

, ( )

( )

.

, f (x) x ∈ X
, X X1, X2, . . . , Xn

f (x) . ,

, , min( f (x1∗ ∈
X1), f (x2∗ ∈ X2), . . . , f (xn∗ ∈ Xn)) .

, , ∗2 .

, .

1. z∗ ,

zmin . , z∗ ≤ zmin

,

.

2. ( X) f (xmin) = zmin

. , xmin ∈ X ,

xmin , .

∗2

,

. 1 ,

.

, ,

(

) .

4. HyLaGI

HydLa

S ⇔ x1 = f1(t) ∧ x2 = f2(t) ∧ · · · ∧ xn = fn(t)
G = (g1, g2, . . . , gm) , HyLaGI

.

Minimize t such that S ∧ (g1 ∨ g2 ∨ · · · ∨ gm)

HyLaGI

,

( ,

) .

4.1
1 ,

. ,

, ,

. ,

,

.

4.2 ,

. 15 CalculateRelaxedGuards
,

. , (g1, g2, . . . , gn) =

Gcurt (h1, h2, . . . , hm) = H ,
∨n

i=1 gi ⇒ ∨m
j=1 hj

. ,

.

( ),

.

, n m
. 16 ,

t ( ) . 17

FindMinTime
, ( )

. ,

. 19-20

CheckGuardS at , 17

. ,

,

.

,

. 7 , 10 ,

. 7 ,

. 10 , 19-20

, ∗3,

.

∗3 ,
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1

input:
G :

S :

P :

output:

1: function FindMinTimeUsingBranchAndBound(G, S, P)

2: PQ := PriorityQueue()

3: S ol := {}
4: PQ.push(〈0,G, P, f alse〉)
5: repeat
6: 〈Tcurt,Gcurt, Pcurt, t fcurt〉 := PQ.pop()

7: if Pcurt = f alse then
8: continue
9: end if

10: if t fcurt = true then
11: S ol := S ol ∪ {〈Tcurt, Pcurt〉}
12: PQ :=

⋃
〈T,g,p,t f 〉∈PQ{〈T, g,¬Pcurt ∧ p, t f 〉}

13: continue
14: end if
15: H := CalculateRelaxedGuards(Gcurt)

16: for h ∈ H do
17: MinResult := FindMinTime(S ubst(h, S ), Pcurt)

18: for 〈Tmin, p〉 ∈ MinResult do
19: CGS Result :=

20: CheckGuardS at(S ubst(S , t = Tmin),Gcurt, p)

21: for 〈t f , p〉 ∈ CGS Result do
22: PQ.push(

23: 〈Tmin, {g|g ∈ Gcurt ∧ g⇒ h}, p, t f )〉
24: end for
25: end for
26: end for
27: until PQ = {}
28: return GetElement(S ol)
29: end function

4.2
1 ,

.

, 15

CalculateRelaxedGuards .

, ,

,

. HydLa ( )

[1],

CalculateRelaxedGuards
. , 2

HydLa ,

. .

.

• , x, y
, / .

• , x = f (t)

x = f (0) x-y ,

.

,

( ).

• ,

.

, 1

1 3

. , ,

,

.

3:

3 (2)-(3) , 15 .

, x 2 ,

2

. ,

( ) (2). ,

. ,

, .

,

.

,

,

, . ,

,

, . ,

. ,

, . , (3)

.

, 3

.

3
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[s] [s]

1

(N=100)
1.4072 0.15838

10

(N=100)
7.6225 0.808

1

(N=500)
6.5186 0.56365

10

(N=500)
38.597 1.2795

1: 1

(4) , 17-20 .

(17 ).

. ,

. ,

(19-20 ). (4)

,

, .

, .

(5), (6) ,

. (6) ,

,

. ,

.

5.
1 , 15 4.2

Mathematica . ,

1

HyLaGI . 1 .

, 100 500 1 10

.

. ,

,

2 .

, .

, .

,

,

. , 1

4 . , ∗4

, O(NlogN)

. , , O(N) .

4 .

, FindMinTime
. ,

FindMinTime
, ,

FindMinTime

∗4

.

,

,

.

, ,

.

3 ,

FindMinTime ,

.

4:

6.
HyLaGI

, .

,

.

,

. , 4.2

, .

, ,

, .

,

.

[1] , , :

HydLa, SSV2008( 5

), 2008.

[2] Matsumoto, Shota et al. HyLaGI: Symbolic Implementa-

tion of a Hybrid Constraint Language HydLa. Electr. Notes

Theor. Comput. Sci. 317 (2015): 109-115.

[3] Land, Ailsa H., and Alison G. Doig. An automatic method

of solving discrete programming problems. Econometrica:

Journal of the Econometric Society (1960): 497-520.

[4] Lunze, J : Handbook of Hybrid Systems Control : Theory,

Tools, Applications, Cambridge University Press, 2009.
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Dynamic Reduction of Guarded Constraints for

the Hybrid Systems Modeling Language HydLa

Takafumi Horiuchi Kazunori Ueda

Department of Computer Science and Engineering, Waseda University

HydLa is a language for modeling hybrid systems—dynamical systems that intermix discrete and continuous
behavior. Its adoption of a constraint-based framework benefits the language in various ways, such as allowing a
concise representation of systems and performing error-free high precision simulations. In spite of all the advantages,
the computations among sets of constraints become a bottleneck in simulation time when handling some large-scale
models. The purpose of this research lies in providing a method of improving the computational efficiency and
the scalability of the language and its simulator. This is achieved by considering the monotonic aspects in HydLa
models to dynamically reduce the size of guarded constraints. Results show that this approach is effective for models
that contain multiple objects represented by guard conditions. As for the model evaluated in an experiment in the
research, the overall computational time has reduced to approximately half the original length.

1. Introduction

In recent years, there has been a rapid growth of interest

in hybrid systems [Lunze] — systems that intermix discrete

and continuous behavior. HydLa [Ueda et al.], which is the

subject language of this research, is a modeling language for

hybrid systems. A notable feature of HydLa is that it al-

lows a concise representation of hybrid systems by directly

handling high-level descriptions of mathematical and logical

formulas as the source program. This feature is realized by

the adoption of a constraint-based framework. In HydLa,

constraints are the basic components that specify the be-

havior of models. These constraints are structured in the

form of a constraint hierarchy [Borning et al.], among which

the consistency is retained when processing the model.

The guaranteed-accuracy implementation of HydLa is

called HyLaGI [Matsumoto], which takes a HydLa model

as the input, simulates the model, and outputs the solu-

tion trajectory. HyLaGI has strong computational features

such as performing error-free symbolic calculations and han-

dling uncertain parameters. However, it is known that the

computations on constraint sets become a bottleneck when

the number of guarded constraints (i.e. constraints enabled

when guard conditions are entailed) is large.

In this paper, we observe the relation between the size

of guarded constraints and simulation time and propose a

method for improving the efficiency of simulations by con-

sidering the monotonic behavior in HydLa models to dy-

namically reduce the number of guarded constraints.

2. Guarded Constraints in Simulations

In the current simulation algorithm of HyLaGI, the sim-

ulation time increases in relation to the size of guarded con-

straints that appears in the model. This becomes a severe

Contact: Takafumi Horiuchi, Department of Computer Sci-

ence and Engineering, Waseda University, 3-4-1 Okubo,

Shinjuku-ku,Tokyo,169-8555,Japan,Bldg.63,5F-02,03-
5286-3340,horiuchi(at)ueda.info.waseda.ac.jp

1 // #define N 100

2

3 INIT_X(v) <=> x=0 & [](x’=v).

4 INIT_Y(h) <=> y=h & y’=0.

5 FALL <=> [](y’’= -9.8).

6 BOUNCE(l,r) <=> []((y- = 0) & (l <= x- < r)

7 => y’= -1.0*y’-).

8 BOUNCES := {BOUNCE(i,i+1) | i in {0..N-1}}.

9 INIT_X(1), INIT_Y(1), (FALL << BOUNCES).

10

11 // #hylagi -t 100

Figure 1: Model of Bouncing Ball on Split Surface

bottleneck when processing large-scale models that con-

tain a large number of objects represented by guarded con-

straints. The correlation between these two elements can

be observed in a series of simulations of the model shown

in Figure 1. This HydLa model represents a ball bouncing

on a flat surface, where the surface is split into N pieces,

each of which has the length of 1 unit. Constraints INIT X,

INIT Y, and FALL define the initial and default behavior of

the ball and BOUNCE describes the behavior of the ball when

it collides with the surface at height 0. In the constraint

declaration at line 9, FALL is assigned a weaker priority than

BOUNCE, therefore FALL is temporarily unadopted when the

two constraints conflict at the timing of the bounce. The

pieces of the surface are generated in constraint BOUNCES

with a list notation. For simplicity, the coefficient of resti-

tution, initial horizontal velocity, and initial height of the

ball are all set to 1. The model is simulated until time N,

where the ball travels from the left end to the right end of

the split surface.

As an experiment, the model is simulated multiple times,

each time with different values of N ranging from 10 to 200.

This setting will change the number of guarded constraints

in the model, with the increase of one for each increment on

the value of N. Other conditions are consistent throughout

1
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the experiment. The result∗1 of the experiment is shown

in Figure 4 (circle plots). These data indicate that the in-

crease in the value of N leads to a longer simulation time.

The regression line among the plotted data (original) is rep-

resented by the following equation:

SimulationT ime = 1.1463N2 + 1.5554N + 0.4949 (1)

Thus, it can be inferred that, for this model, the simulation

time increases in proportion to the square of the number

of guarded constraints. In general, this behavior can be

a bottleneck in the simulation of large-scale models that

contain a large number of guarded constraints.

3. Location of the Bottleneck

To identify the location of the bottleneck in the current

simulation algorithm, the distribution of time consumption

among different computational units was measured. In a

simulation of the split surface model where N was set to

100, the entire simulation time was 1.23×108 seconds. The

most time consuming procedure was FindMinTime, a func-

tion that calculates the minimum satisfiable time of the

next discrete change, which consumed 1.17 × 108 seconds

(i.e. 96% of the entire simulation time). Taking this into

account, the computation of FindMinTime is the location

of the aforesaid bottleneck problem.

4. Reduction of Guarded Constraints

The computation of FindMinTime is performed by check-

ing the satisfiability of conditions in antecedents of all the

guarded constraints that appears in the model. This can

be a drawback in terms of efficiency of simulations. For ex-

ample, when considering a model of a ball bouncing down

a staircase (Figure 2), the ball will never interact with the

steps which it has already passed. In this case, it is unneces-

sary to check the satisfiability of guards that represent the

steps behind the current position of the ball. The present

simulation algorithm does not consider these situations, re-

sulting in redundant computations when iterating through

all of the guards during the computations of FindMinTime.

This inefficiency in the current simulation algorithm leads

to the proposal of this research—dynamically reducing the

number of guarded constraints. The aim of this proposal is

Figure 2: Concept of Omitting Verbose Guard Evaluations

∗1 Execution environment: CentOS 7.4.1708, AMD Ryzen
Threadripper 1950X 16-Core Processor, 64GB Memory, clang
6.0.0 compiler, Mathematica 11.3.0.

to avoid redundant calculations when evaluating the entail-

ment of guards and improving the computational efficiency

of simulations.

The removal of guarded constraints is safe only when it

is certain that the guard condition will never be satisfied in

the future. Inadequate removal of guards will lead to wrong

simulation results, which must be avoided. The decision of

whether the guards are removable or not can be made by

taking into account the concept of monotonicity, described

by the following propositions:

∀t ∈ (α, β)
d

dt
x(t) ≥ 0 (2)

∀t ∈ (α, β)
d

dt
x(t) ≤ 0 (3)

Proposition (2) ensures the monotonic increase of variable

x in the time interval (α, β) and proposition (3) ensures

the monotonic decrease. The proposed method considers

monotonicity of variables from two approaches, one dealing

with uniform monotonicity and another with alternating

monotonicity.

4.1 Approach to Uniform Monotonicity
The first approach considers the monotonicity of vari-

ables that are uniform throughout the simulation. This

situation corresponds to the case where α and β are set to

0 and MaxT (i.e. maximum simulation time), respectively,

in propositions (2) and (3). For instance, this behavior is

exhibited in the model of a ball bouncing on split surface,

where variable x keeps increasing from the beginning to the

end of simulation. The conceptual diagram of this approach

is illustrated in Figure 3, representing the case where a vari-

able is monotonically increasing throughout the simulation.

In order to apply this method for the dynamic reduc-

tion of guarded constraints, the truth/falsity of the uniform

monotonicity must be evaluated, which can be achieved by

using model checking techniques. After evaluating the uni-

formly monotonic behavior of variables, that information is

used to determine the removable guarded constraints.

Figure 3: Concept of Approach to Uniform Monotonicity

4.2 Approach to Alternating Monotonicity
The types of model that the above-mentioned uniform

approach can make use of is limited to cases where mono-

tonic aspects are preserved from the beginning to the end

of simulations. Variables that alternate its monotonic be-

havior during simulations would not be covered in this ap-

proach. To enhance the uniform approach and to enable

the handling of alternating monotonicity of variables, the

method can be enhanced by the integration with assertion

2
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techniques. The basic concept of this method is equiva-

lent to the uniform approach, where, in the beginning of

the procedure, the uniformity of monotonicity is assumed

to hold throughout the simulation. The notable feature of

this method is that the uniformity is constantly asserted

by statements ASSERT(x’>=0) and ASSERT(x’<=0). When

violations on these conditions are detected, the simulation

is restarted from that time point with the assumptions on

monotonicity inverted.

Illustrated in Figure 5 is the concept of the enhanced

method. α and β in the diagram corresponds to those in

propositions (2) and (3). In the beginning of the procedure,

α is set to 0 and β is set to MaxT. The properties are not

determined to be held at this point. This is different from

the case in the method for uniform monotonicity, where ei-

ther of the propositions (2) or (3) were determined to be

held from the computations made prior to the simulation.

On the occurrence of assertion violations, that time point is

set as the new α and the procedure continues. This process

is repeated until the simulation time reaches MaxT. The

applicable guarded constraints are removed and reset dy-

namically during the simulation by using these information

of monotonicity.

5. Experimental Results

The approach to uniform monotonicity was implemented

and its effectiveness was evaluated with the model of a ball

bouncing on split surface (Figure 1). The comparison be-

tween the simulation time of the original algorithm of Hy-

LaGI and the algorithm with the proposed method is shown

in Figure 4. The regression line for the result of the pro-

posed method is represented by the following equation:

SimulationT ime = 0.6083N2 + 0.8763N + 1.691 (4)

By comparing equations (1) and (4), we can infer that the

simulation time with the proposed method is half the length

of the original. Since the method aims to improve simula-

tion efficiency by reducing the size of guarded constraints,

this proposal is expected to be effective for models that

contain large number of guarded constraints.

S
im

ul
at

io
n 

Ti
m

e 
(s

)

0

125

250

375

500

N

0 20 40 60 80 100 120 140 160 180 200

original proposed

Figure 4: Simulation Time of Split Surface Model

Figure 5: Concept of Approach to Uniform Monotonicity

6. Conclusion and Future Work

In this research, we proposed an optimization technique

for the simulation algorithm of HyLaGI. This was achieved

through dynamically reducing the size of guarded con-

straints that appears in the model, based on monotonicity.

Future work of this research includes evaluating the alter-

nating monotonicity approach. Another work to put effort

into is exploiting invariants other than monotonicity, for

this would enlarge the scalability of this research.
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(Invited talk) Issues of field high throughput plant

phenotyping based on images
〇Seishi Ninomiya1 （1. University of Tokyo）
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野外圃場で植物の形質を高速に評価する植物フェノタイピング技術開発が急速に進んでいる．とくに，画像によ

るフェノタイピングは AIやドローン技術の発展にも支えられ，人による目視判断を代替するばかりか，精度や安

定性においても人を凌駕するようになってきている．しかし，同時に多くの課題も浮き彫りになっている．本講

演では，それらの課題と今後の展望について議論する．



Bird Damage Prevention System Utilizing Deep Learning based on Birds’ Behavior

∗1
Kazuki Kobayashi

∗1
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∗3
Takefumi Yoshikawa
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Hiroyuki Sato
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∗3
Toyama Prefectural University
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Marimo Electronics Co., Ltd.

∗5Faculty of Information Technology, King Mongkut’s Institute of Technology Ladkrabang, Thailand

This paper proposes a novel system to prevent bird damage to crops by driving birds away from agricultural
fields. Bird damage is a major issue in agriculture, and many tools have previously been introduced to protect
crops from wild birds. However, hazing tools such as alarms and distress calls are quite simple, for example, playing
sound periodically, and birds eventually habituate to such stimuli. Thus, such hazing tools have only short-term
usefulness. The proposed system adaptively produces stimuli according to bird behavior in real time by utilizing
deep learning. The proposed system can sustain its effectiveness for a much longer term.
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Training Data Augmentation for Hidden Fruit Image Segmentation by using Deep Learning 

*1                                                   *2 
   Ryoma Takai                                                 Kazuki Kobayashi 

*1                         *2  
Faculty of engineering, Shinshu University            Academic Assembly, Shinshu University 

This paper proposes a method to detect apple fruits areas from field monitoring images. The proposed method can detect the 
fruits areas even if they are hidden by leaves or other fruits. We use a deep neural network with a way to create a large amounts 
of artificial field images as training data. Since the developed system uses the fruit and leaf image components and can easily 
retrieve their exact areas in the creation process, the created data include annotations of hidden fruits. The experimental results 
showed that the proposed method showed promising results in terms of accuracy compared to that of the COCO pre-trained 
model. 
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[Bargoti 2017] Bargoti, S., Underwood, J.: Deep fruit detection in 

orchards. In 2017 IEEE International Conference on Robotics 
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[Ren 2015] Ren, S., He, K., Girshick, R., Sun, J.: Faster R-CNN: 
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networks, Neural Information Processing Systems, Vol.1, 
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Q
Q-learning with Neural Network for Automatic Irrigation Control of Crops

Shuto Namba Junpei Tsuji Masato Noto

Graduate School of Electrical, Electronics and Information Engineering, Kanagawa University

There are many studies to reproduce cultivation methods based on experience and intuition of skilled farmers
by supervised learning. Farmer’s knowledge has an impact on the collecting data to conduct supervised learning,
and it is difficult to judge whether such knowledge is a true optimal solution in agricultural work. So, we focused
on reinforcement learning (RL) which learns based on reward given from the environment as a learning method
independent the knowledge like experience and intuition. There are few cases of study using RL, and also the
effectiveness has not been enough clarified. In this paper, we tried to cultivate Komatsuna based on simple Q-
learning as a preparation to apply RL to the plant cultivation. As a result of Q-learning for a Komatsuna, it was
possible to confirm the state of giving water according to the height of plant.
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Crop Yield Estimation for Hydroponic Tomatoes using regional CNNs 

*1 *1 *1 *2*3 
Yuri Isoyama              Fumiyo Emura         Hirohisa Satoh          Takashi Shinozaki 

*1  
Kyowa Co. Ltd., 

*2

Japanese Society for Artificial IntelligenceCiNet, National Institute of Information and Communications Technology 
*3 

Graduate School of Information Science and Technology, Osaka University 

Tomatoes are important plants in greenhouse cultivation from the rise in their agricultural productivity by spread of 
environment management system, and its crop yield estimation is crucial for efficient cultivation and controlled distribution. 
We develop a crop yield estimation system for hydroponic tomatoes using regional convolutional neural networks and verify 
the detection score and estimation accuracy.
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A Comparative Analysis of Labor Force Survey Data among Vegetable Cultivation Systems
based on Agriculture Activity Ontology

*1 *2 *3 *3 *1

 Akane TAKEZAKI Kaoru MAEYAMA Sungmin JOO Hideaki TAKEDA Tomokazu YOSHIDA

*1 *2 *3

National Agriculture and Food Research Organization       Iwate Agricultural Research Center          National Institute of Informatics

Abstract: A comparative analysis of labor requirement among several cropping systems is important when crop rotation
systems are designed to reduce production cost. We proposed a comparative analysis of labor requirement among vegetable 
cultivation systems based on Agriculture Activity Ontology (AAO). AAO was used to establish correspondences among 
terms to describe work in labor force survey as a core vocabulary. Working time aggregated on each AAO - defined activity 
enabled to compare the labor requirement among vegetable cultivation systems.  
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農業ナレッジグラフを用いた営農記事からの農作物の関係の発見
A Method for Judging the Semantic Similarity between Crops from Farm Management Articles

based on Agricultural Knowledge Graph

朱 成敏 ∗1
Sungmin JOO

武田 英明 ∗1∗2
Hideaki TAKEDA

竹崎 あかね ∗3
Akane TAKEZAKI

吉田 智一 ∗3
Tomokazu YOSHIDA

∗1国立情報学研究所
National Institute of Informatics

∗2総合研究大学院大学
SOKENDAI University(The Graduate University for Advanced Studies)

∗3農業・食品産業技術総合研究機構
National Agriculture and Food Research Organization

Terminology in the agricultural field are difficult to process data automatically since they are often used in
various expressions. It is especially difficult for crops whose names vary depending on the agriculture activity,
edible parts or cultivation method in which various names are used. This study suggests semantic analysis using
agricultural knowledge graph to solve these problems. This study also confirmed that the use of knowledge graph’s
semantic structure not only enabled the extraction of agriculture activity and the crop name clearly, but also
enabled agriculture-specific analysis.

1. はじめに
農業分野の用語には同じ意味にも拘らず，様々な表記が存在

している．例えば，農作業の一つである「荒代」は「かじり」
や「荒代かき」のように習慣によって異なる名称が使われる場
合や農業 ICTシステムでは「あらしろ」や「荒しろ」など異
なる表記で処理される場合もある．農作物名は地域や利用部
位，栽培方法などの基準によって名称が異なる場合や，品種名
や食品名が農作物の名称として使われる場合もある．ICTシ
ステムのデータや関連文書にはこのような場合，異なる用語と
して処理される可能性がある．こういった農業分野の語彙が持
つ表記の多様性は農業情報の利活用において妨げとなる．
一方，様々な表記が収録されていて，かつその意味関係ま

で記述されている知識体系があればそれを参照することによっ
て上記の問題は解決できる．例えば，「荒代」の場合は同義語
として「荒代かき」と「かじり」を持ち，「あらしろ」や「荒
しろ」などで表記される基準があれば，ICT システムはこれ
らの名称を一括して「荒代」として処理することができる．ま
た，農作物の場合も「レッドクイーン」や「シャインマスカッ
ト」のような品種名と一般的な名称である「ブドウ」との関連
性が定義された基準があれば，システムは「レッドクイーン」
と「シャインマスカット」を「ブドウ」の一種として扱うこと
ができる．このように名称に対する基準があれば農業データや
コンテンツに対する正確な情報の抽出や分析など高度な利用が
可能となる．
そこで，本研究では農業語彙が持つ表記の多様性に対応し，

農業コンテンツの分析に農業ナレッジグラフを用いることを提
案する．農業ナレッジグラフは農業分野を対象に構築された知
識体系であり，農業における概念と概念間の関係性について定
義をしている．それぞれの概念は表記を持っており，表記は見
出し語である代表表記以外にも同義語も収録されている．ま
た， 関連情報体系と連携されており，様々な情報を活用する
こともできる．本研究では農業関連の文書を対象とし，農業ナ
レッジグラフを用いて農作業と農作物の名称を抽出する．そし
て，抽出された農作業と農作物の共起を用いて農作業と農作物

連絡先: 朱成敏，国立情報学研究所，〒 101-8430東京都千代
田区一ッ橋 2-1-2, joo@nii.ac.jp

の関連性を発見する．発見された関連性から農作物同士の関連
性を推測する．

2. 農業ナレッジグラフ
筆者らは農業 ICTシステムのデータ連携のために農業分野の

ナレッジグラフを構築してきた [朱 18]．本章では農作業を体系
化した農作業基本オントロジー (AAO，Agriculture Activity

Ontology) と農作物の語彙を整理し，Linked Data 化した農
作物語彙体系 (CVO，Crop Vocabulary)について概観し，そ
れぞれの意味構造について述べる．

2.1 農作業基本オントロジー
農業 ICTシステム間の相互運用性を確保するために農作業

の標準語彙として筆者らは農作業基本オントロジーを開発し，
推進してきた [朱 16]．農作業基本オントロジーは農作業概念を
定義するために目的，行為，対象，副対象，場所，手段，機資材，
作物，時期，作業条件の 10項目を属性を用い，それぞれの属
性が持つ値の包含関係から農作業概念を体系化した．また，記
述論理による設計を行い，矛盾や重複のない論理性も確保した．
最新版である Ver2.01には 475語の農作業名称が収録されて
おり，それぞれの農作業名称は固有の名前空間 (URI)を持つ．
共通農業基盤 ∗1 では農作業基本オントロジーを用いた語彙変
換 API，用語集などのサービスを提供しており，Turtle/RDF

と CSV形式の関連データも公開している．農作業基本オント
ロジーでは農作業に対し代表表記，同義語などの別名，英名の
３つの表記を与えている．また，これらの表記は共通農業基盤
にて提供している語彙変換 APIを用いて容易に変換すること
ができる．図 1は「荒代」の定義と表記を表した例である．

2.2 農作物語彙体系
筆者らは農作物名称の標準語彙として農作物語彙体系を構

築した [竹崎 17]．農作物語彙体系は植物学的分類に基づいて
様々な農作物名を分類し，それぞれの農作物名は同義語，英
名，学名を基本情報として収録している．また，既存語彙であ
る「農薬登録における適用作物名」の作物名，「農産物等の食
品分類表」の食品名，「日本食品標準成分表」の食品名，情報

∗1 CAVOC, http://cavoc.org
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図 1: 「荒代」における情報の意味関係.

体系である NCBI の Taxonomy ID，Wikipedia の項目名と
の対応関係を調査し，関連情報として収録した．最新版であ
るVer1.52では 1,249語が収録されており，共通農業基盤にて
公開している．それぞれの農作物名は固有の名前空間を持ち，
収録情報を閲覧することが可能である．これらの情報は CSV

と Turtle/RDF 形式でも公開されており，機械可読性も確保
している．農作物語彙体系では農作物名に対し，英名や科名，
学名のような植物学的情報，別名，一般的な名称にあたる総称
を上位概念として持つ．また，既存の語彙体系に収録されてい
る名称も収録されており，様々な語彙の意味関係を把握するこ
とができる．図 2は「シャインマスカット」に関連する意味関
係を表す例である．

3. 農作物間の関係性発見
本章では実際の新聞記事のデータから発見された農作業名

称と農作物名称の関係性について考察し，作物の生産過程の類
似性から農作物同士の関係性を判定する手法について述べる．

3.1 営農記事の分析
本研究では農業コンテンツとして営農に関連する記事を用

いる．営農関連記事は研究目的での利用許可を得た 2014 年
4 月から 2017 年 3 月までの日本農業新聞 ∗2 の営農面の記事
3,479 件である．オープンソース形態素解析エンジンである
Mecab[MeCab 13]を用いて本文の形態素分析を行い，品詞が
名詞の場合に農作業基本オントロジーと農作物語彙体系の名称
を抽出した．抽出対象となる名称は代表表記と同義語を含む全
ての関連語彙である．実行結果，99件の農作業名，292件の農
作物名がそれぞれ 1,371件，1,265件の記事から発見された．

∗2 日本農業新聞，https://www.agrinews.co.jp/

図 2: 「シャインマスカット」における情報の意味関係.

3.2 表記の調整
そして，出現頻度と共起頻度を確認するために発見された農

作業と農作物の名称に対して表記の整理を行った．同じ作業に
も関わらず異なる表記で書かれており，別の作業として処理さ
れる場合に備えて，代表表記に変換する処理を農作業基本オン
トロジーの語彙変換 APIを用いて行った．例えば，同じ農作
業である「播種」と「種まき」がそれぞれ異なる名称として含
まれていた記事が一部あり，農作業基本オントロジーの代表表
記である「は種」にまとめた．農作物の場合は品種や用途，利
用部位によって異なる名称になる場合が多く，代表表記に統一
するために総称にあたる上位概念の名称を用いてまとめた．こ
の処理によって「シャインマスカット」や「レッドクイーン」
など品種名は総称である「ブドウ」として処理された．

3.3 関連農作業の抽出
次は農作物名と農作業名の共起を確認した．農作物単位で

共起した農作業名を抽出し，関連農作業のリストを作成した．
最も多くの農作業と共起した農作物は「イネ」であり，52件
であった．一方，共起した農作業が 5件以下の農作物も 79件
があり，農作物 1 件にあたり農作業の平均共起数は 12.49 件
であった．

3.4 農作物間の類似性判別
本研究では関連農作業名のリストを用いて農作物同士の類

似性を判別するために Jaccard 係数を用いる．共起した農作
業の集合 Activitiesa を持つ農作物 cropa と集合 Activitiesb
と共起した農作物 cropb の Jaccard 係数は次のように計算で
きる．

Jaccard(cropa, cropb) =
|Activitiesa ∩Activitiesb|
|Activitiesa ∪Activitiesb| (1)

本実験では共起した農作業名称が 5 件以上の農作物を対象
にし，Jaccard係数を求めた．表 1はコムギ，タマネギ，トマ
トと関連度がある上位 5 件の農作物の順位である．比較のた
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め農作物間の共起数による順位も表示した．実験の結果，コム
ギと最も類似性を持つ農作物はオオムギであり，タマネギはネ
ギ，トマトの場合はナスに判明された．表 2 はコムギ，タマ
ネギ，トマトと最も関連があると判明した農作物の関連農作業
のリストである．

表 1: 農作物間の類似判別.
(a) コムギ

# Jaccard係数 共起数
1 オオムギ 0.6563 イネ 70回
2 ダイズ 0.6364 ダイズ 47回
3 トウモロコシ 0.5938 ジャガイモ 17回
4 イネ 0.5789 テンサイ 15回
5 キャベツ 0.5428 ソバ 14回

(b) タマネギ
# Jaccard係数 共起数
1 ネギ 0.7274 イネ 11回
2 ホウレンソウ 0.6957 トマト 11回
3 ジャガイモ 0.6400 ネギ 9回
4 レタス 0.6087 ニンジン 9回
5 キュウリ 0.5770 ダイズ 6回

(c) トマト
# Jaccard係数 共起数
1 ナス 0.7083 イチゴ 41回
2 ピーマン 0.6207 キュウリ 40回
3 イチゴ 0.6061 イネ 32回
4 ウンシュウミカン 0.5833 ナス 29回
5 CO 0.5517 チャ 19回

コムギは 31件の農作業と，オオムギの 22件の農作業と共
起しており，22件全部コムギの農作業と一致した．一方，イ
ネと共起した 52件の農作業の中でコムギと一致する農作業は
25件だった．一致した農作業名はオオムギより 2件多かった
が，27件の農作業が一致していないことが判明したので，農
作業の類似性はオオムギとコムギの方が強い類似性を持つと考
えられる．採種，追肥，融雪の 3 つの農作業はコムギのみ共
起していたことがわかった．
タマネギは 21件の農作業名との共起が確認された．ネギの

17件の共起農作業の中で排水作業を除く 16件が一致した．一
方，イネは 20件の共起農作業の一致が確認されたが，関連性
がない農作業が 32件発見された．今回の実験ではコムギとタ
マネギの場合，最も共起した農作物はイネであることがわかっ
た．イネは農作業名称が発見された 2,505件の記事の中で 674

件の記事に出現しており，共起頻度が農作物の中で最も多かっ
たと考えられる．
トマトは 28件の農作業と共起しており，選別作業，意見交

換，土寄せの 4件以外はナスとイチゴの農作業と一致した．ナ
スは 22件農作業の中で 20件が，イチゴは 23件の中で 19件
がトマトの農作業と一致している．実際，イチゴは Jaccard係
数による順位でも３番目である．

3.5 農作物間の類似性による関連記事の提案
前節で求めた農作物間の類似性を用い，類似性の高い農作物

に関する記事を関連記事として提案した．Jaccard係数の上位
3件までの農作物を選択し，該当する農作物の出現頻度が高い
記事を掲載日が近い順で提示した．図 3 は「タマネギ」に関
する記事の例である．1の (b)の結果より「ネギ」と「ホウレ
ンソウ」，「ジャガイモ」に関する記事が「タマネギ」に関する

図 3: 農作物間の類似性による関連記事リスト.

記事と共に関連記事として表示されている．

4. 考察と今後の課題
今回，農作物名と共起した農作業の集合を Jaccard 係数を

用いて類似性を確認した．この場合，どちらかの農作業の数が
少なく，さらに出荷作業や収穫作業のような栽培において基本
となる農作業名の場合は強い類似性を見せた．そのため比較
的に関連農作業の数が少ない農作物が上位になることが多かっ
た．一方，麦踏みのように特定農作物のための農作業やハウス
栽培の農作業など農作物の栽培特徴が反映されたことも確認で
きた．
営農記事は栽培や経営など幅広い情報が書かれているため

農作業と農作物の関連性が一般的な記事より多く含まれている
と考えられる．この場合は共起頻度も関連性を判別する重要な
因子となる．今回は Jaccard 係数を用いて類似性を判別した
が，共起頻度を重み付けとして取り込む場合，改善の可能性が
ある．今後の課題として取り組む予定である．
今回は農作業基本オントロジーの語彙変換を用いて同義語

を代表表記に整理し，また，農作物語彙体系の階層構造を用い
て利用部位や栽培方法などによる別名と品種名を総称に変換し
て共起を確認した．この調整作業により抽出する単語の数や集
計による手間が軽減されたと考えられる．
農作業名称の中では収穫や運搬のように農業以外にも使わ

れる単語が多く含まれている．こういう単語の共起は本研究の
提案手法の性能に影響を与える可能性が高い．形態素解析方法
の改善や文脈情報を用いて作業名を特定する必要がある．今回
は農作業に注目して農作物の類似性判別したが，今後は農機具
や資材など様々な農業関連語彙を用いて類似性の判別を行いた
い．また，そのために農業ナレッジグラフの拡張する予定して
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表 2: 農作物名と共起した農作業名のリスト.
農作物名 共起した農作業名
コムギ 収穫作業, 評価作業, 受粉, 施肥, 雑草抑制作業, 出荷作業, は種, 移植作業, 定植, 育苗, 出荷調製

作業, 排水作業, 耕耘, 選別作業, 稲刈り, 採種, 生物制御作業, 基肥, せん定, 追肥, 出芽, 中耕, 運
搬作業, 土寄せ, 刈取り, 田植え, 麦踏み, 融雪, 誘引, 意見交換, 砕土

オオムギ 移植作業, 育苗, 出荷作業, 収穫作業, 出荷調製作業, 耕耘, 施肥, 排水作業, 雑草抑制作業, 選別作
業, 評価作業, は種, 出芽, 生物制御作業, 基肥, 麦踏み, 中耕, 運搬作業, 定植, 刈取り, 稲刈り, 田
植え

イネ 追肥, 生物制御作業, 収穫作業, 意見交換, 評価作業, せん定, 受粉, 摘果, 施肥, 雑草抑制作業, 出
荷作業, は種, 出芽, 中耕, 土寄せ, 定植, 育苗, 耕耘, 鎮圧, 排水作業, 給水作業, 出荷調製作業, 移
植作業, プラスチックマルチング, 基肥, かん水, 物理的雑草抑制作業, 砕土, 運搬作業, 選別作業,

モニタリング作業, 稲刈り, 間伐, 誘引, 包装, 代かき, 摘粒, 清掃作業, 草姿調整作業, 田植え, 催
芽, 保水作業, 刈取り, 暖房, ハロー作業, 風制御作業, 遮光, 脱穀, 精米, 中干し, 冷房, 手取除草

タマネギ 収穫作業, は種, 中耕, 土寄せ, 施肥, 基肥, 追肥, 生物制御作業, 移植作業, 定植, 育苗, 出荷作業,

選別作業, プラスチックマルチング, 運搬作業, 評価作業, 給水作業, かん水, 出荷調製作業, 遮光
ネギ は種, 定植, 排水作業, 出荷調製作業, 移植作業, 育苗, 出荷作業, 遮光, 収穫作業, 生物制御作業,

選別作業, 土寄せ, 給水作業, かん水, 評価作業, 施肥
イネ 追肥, 生物制御作業, 収穫作業, 意見交換, 評価作業, せん定, 受粉, 摘果, 施肥, 雑草抑制作業, 出

荷作業, は種, 出芽, 中耕, 土寄せ, 定植, 育苗, 耕耘, 鎮圧, 排水作業, 給水作業, 出荷調製作業, 移
植作業, プラスチックマルチング, 基肥, かん水, 物理的雑草抑制作業, 砕土, 運搬作業, 選別作業,

モニタリング作業, 稲刈り, 間伐, 誘引, 包装, 代かき, 摘粒, 清掃作業, 草姿調整作業, 田植え, 催
芽, 保水作業, 刈取り, 暖房, ハロー作業, 風制御作業, 遮光, 脱穀, 精米, 中干し, 冷房, 手取除草

トマト 接ぎ木, 移植作業, 定植, 生物制御作業, 収穫作業, 施肥, かん水, 出荷作業, は種, 排水作業, 育苗,

評価作業, 暖房, 出荷調製作業, 換気, 選別作業, 遮光, 包装, 意見交換, モニタリング作業, プラス
チックマルチング, 送風, 誘引, 受粉, 保温, 土寄せ, 草姿調整作業, 冷房

ナス 接ぎ木, 生物制御作業, 収穫作業, 出荷作業, 定植, せん定, 施肥, 保温, プラスチックマルチング,

育苗, 誘引, 受粉, 出荷調製作業, 暖房, 換気, かん水, 雑草抑制作業, 評価作業, 移植作業, 意見交
換, 草姿調整作業, モニタリング作業

イチゴ 収穫作業, 定植, 生物制御作業, 育苗, 出荷作業, 出荷調製作業, プラスチックマルチング, 暖房, 評
価作業, 換気,予冷, かん水, 草姿調整作業, せん定, 施肥, 送風, 受粉, 冷房, 包装, は種, 遮光, 追
肥, 摘果

いる．

5. おわりに
農作物の栽培には特定の農作業，または複数農作業の組み

合わせが用いられており，農作物の特徴として用いることがで
きる．そこで，本研究では農作業に注目して農作物間の類似性
の判別を提案した．営農記事から農作業名称と農作物名称を抽
出し，共起を基準にその関連性を定義した．農作業と農作物の
抽出は農業ナレッジグラフを用いて行い，同義語や意味関係を
考慮した名称の抽出ができた．今後は共起頻度による重み付け
や農作業と農作物以外の農業関連語彙を用い，本研究の提案手
法を改善していきたい．
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Analysis of Konbu-Dashi by multi-band optical method from a viewpoint of miscellaneous taste 

   1  1   1   1    1    2   2 
   Takaharu Kameoka  Takumi Taguchi Eriko Nishikawa    Ryoei Ito     Atsushi Hashimoto Noriyuki Yugawa Nobuaki Obiki 

 
Graduate School of Bioresources  Mie University 

 
Tsuji Culinary Institute 

When evaluating Dashi in Japanese cuisine, the chef uses the word umami and miscellaneous taste. Umami has been used 
as an important factor. On the other hand, there is no definite definition of miscellaneous taste, and quality evaluation viewed 
from miscellaneous taste has hardly been performed. In this research, therefore, the objective was to clarify the characteristics 
of the Konbu-Dashi which the chef is conscious of miscellaneous taste. We established a quality evaluation method of 
Konbu-Dashi by using Quantitative Descriptive Analysis (QDA) used to express the overall taste perceived by human beings, 
and made a comprehensive evaluation. As a result of the multi-spectroscopic analysis, the characteristic of Konbu-Dashi that 
felt miscellaneous taste had "little umami, relatively much minerals and saccharides" was confirmed. In addition, in the QDA, 
evaluation terms were created by using 32 kinds of Konbu-dashi to capture the characteristics of both delicious and not 
delicious Konbu-dashi. From the results using the QDA, 1) focusing on fragrance and flavor as an approach to harshness  2) 
the necessity to consider the influence of minerals such as potassium, etc. were derived. From now on, it is necessary to 
develop machine learning and analysis using AI. 
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The individual identification of cattle using LP-residual signal extracted from cattle sound 

*1 *1 *2 *2 
Yurie Iribe                      Mako Soga                 Tomoki Kojima              Tatsuaki Masuda 

 *1  *2  
 Aichi Prefectural University  Aichi Agricultural Research Center 

In order to reduce the time and effort of the individual identification, a method for easily identifying individuals of animals 
using ICT is required. Our research have focused on animal call as one of the features useful for individual identification. 
Although there is research on individual identification using linear prediction coefficients extracted from animal’s voice in 
previous research, the correct rate is not sufficient. Therefore, it is necessary to perform individual identification using 
various acoustic features useful for individual identification as well as the linear prediction coefficients. In this research, we 
extract various kinds of acoustic features suitable for individual identification of cattle, and identify individuals using these 
acoustic features of cattle sound. 
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Suppression of false alarm using crowdsourcing in beef cattle delivery detection system

∗1
Yusuke OKIMOTO

∗1
Susumu SAITO

∗1∗2
Teppei NAKANO

∗1∗2
Makoto AKABANE

∗1
Tetsunori KOBAYASHI

∗1
Tetsuji OGAWA

∗1
Waseda University

∗2
Intelligent Framework Lab

In order for cattle farmers to detect calving sign beforehand and assist it to reduce risks of fatal accidents, recent
work proposed a pattern recognition approach based on video information from cameras. To reduce false alarms
given by the pattern recognizer, crowdsourcing can be used for double-checking the result of the automatic event
detection. However, calving sign detection from videos is not a common task for crowd workers, where most of
them are not experts of cattle farming; it is therefore not clear about how microtasks can be designed for the
workers and thus their answers contribute to better prediction accuracy. In the present study, a calving detection
system of beef cattle is designed aiming for real-world deployment. Exposure of the amnion and allanto from the
buttocks of cattle is considered as a sign of calving and identified by the crowdworkers in microtasks designed.
As a result of simulation evaluation of detecting two birth prognostic events, precision obtained when using only
the pattern recognizer were 0.049 and 0.22, whereas in the case of using crowdsourcing it improved to 0.91 and
0.83, respectively. This result demonstrated that verification of the pattern recognition result by crowdworkers
successfully reduced detection errors.
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“Nudge” Agent: Proposal of an Agent that Guides People to Well-being 

*1 
Tetsuo Ono 

*1   
Faculty of Information Science and Technology, Hokkaido University 

“Nudge” advocated in behavioral economics is known as a strategy that guides people to health and well-being with “a 
little modest way.” Thaler is known as the Nobel Prize in Economics winner in 2017 with this achievement. Now that 
redesign (reconstruction) of social system is required due to the rapid development of information technology such as AI and 
IoT, in this research we regard “nudge” as “mental navigation” through implementing as a “Nudge Agent” by using the basic 
technology of Human-Agent Interaction (HAI) which we have been carrying out. Specifically, by using HAI-based 
technology, we construct a “Nudge Agent” that can manipulate the cognitive environment (selection architecture) that directs 
human decision-making and conduct field experiments at actual home and commercial facilities. Then, we will examine 
whether this agent can “guide” people’s decision to health and happiness to some extent. 
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3:40 PM - 4:20 PM  (Tue. Jun 4, 2019 3:20 PM - 5:00 PM  Room G)

(Invited talk) Cognitive science of choice and

manipulation
The rocky road of nudge to well-being

〇Ayumi Yamada1 （1. The University of Shiga Prefecture）

Keywords: nudge, behavioral economics, well-being, choice behavior, manipulation

 
Advances in behavioral economics and psychology have revealed the mechanism of human decision-making,

and driven increasingly widespread practices of nudging people toward better choices. This lecture will span

a range of theories, issues, and approaches that represent the frontier of nudge research. The lecture offers a

general introduction of the idea of nudging, and touches on potential pitfalls as well as benefits that might

result from nudging. It also provides a discussion of how the idea of nudging could be developed as tools for

improved social interacting.
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How do we harness others’ opinions?: An investigation on product types 

*1 *2 *1 
Itsuki Fujisaki Hidehito Honda Kazuhiro Ueda 

*1  *2  
      Graduate School of Arts and Sciences, The University of Tokyo #1            Department of Psychology, Yasuda Women's University #2 

With the rising of information technology, we can conveniently harness many others' opinions. However, it remains unclear 
how we utilize them. Online review sites, such as Amazon.com, display a lot of products. Especially, it is well-known that 
products could have two types of consumption mode: hedonic or utilitarian. In this paper, we examined how these product 
types affected people's behavior on others' opinions. Concerning others' opinions, we focused on a rating distribution. In our 
experiment, participants conducted a binary product choice task. The task composed of single product name and two rating 
distributions which had similar average of ratings but different variance of ratings (high / low). The results showed that product 
types affected people's choices on rating distributions. For hedonic products, participants tended to prefer high-variance rating 
distribution more often than for utilitarian products. We discussed how the results emerged and illustrated how our findings 
could 'nudge' people.  
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 ~ ~ 
Nudge with a forward posture  

~manipulation of a decision-making environment will enhance willingness to change one’s attitude~ 

*1 *2   *1 

Masaru Shirasuna  Hidehito Honda   Kazuhiro Ueda 

 *1  *2  
 The University of Tokyo  Yasuda Women’s University 

Based on previous nudging and embodied cognition approaches, we proposed a new type of nudge: manipulating people’s 
body posture by changing a decision-making environment could lead decisions in a certain direction. In this paper, our purposes 
were to investigate whether a forward posture really affect decision making, and if yes, what types of decisions could be likely 
to be influenced. Through two behavioral experiments, we found that participants’ forward posture could enhance their deci-
sions, especially willingness to change their own attitude. Our findings will provide an opportunity to consider the design of 
the real-world environment and artifacts for leading people to their predictable decisions.  
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Human-Agent Team
Framework for Human-Agent Team using Implicit Information Showing via Behavior

∗1
Ryo Nakahashi

∗2∗1
Seiji Yamada

∗1
The Graduate University for Advanced Studies (Sokendai)

∗2
National Institute of Informatics

The problem that autonomous agents and humans cooperate to solve one task is one big theme in the field of
Human Agent Interaction. We are interested in cooperative agents that improve human plans naturally not just
assisting human plans. As a situation where such an agent is useful, there is situation where a person and an agent
have only part of information to achieve tasks. We developed a framework of agents that cooperates on the premise
that humans and agents implicitly communicate information through actions with each other in this situation. We
formulated the target situation as a Human-Agent Team problem and developed an agent planning method for this
problem. This method is composed of two parts, the model that human’s predict other purpose and the planning
algorithms under the models, which are realized by improving existing methods called CIRL and Bayesian Inverse
Planning, respectively. We evaluate our method through participant experiments that humans achieve simple tasks
with autonomous agents and confirmed that our method has good performance of collaborative work.
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To determine the display timing of driving assistant using Nudge

∗1
Kouichi Enami

∗1
Michita Imai

∗1
Kohei Okuoka

∗1
Shohei Akita

∗1
Keio University, Faculty of Science and Technology, Department of Information and Computer Science

In this aging society, to improve convenience of electric wheelchairs is an issue. Especially how to adapt automatic
operating systems, which has developed in recent years, to electric wheelchairs is important. In this paper, we
propose Mizusaki system, a screen agent that informs drivers gain changes in an electric wheelchair with automatic
gain adjustment system. Mizusaki system, based on the Nudge effect, aims to improve operability and safety not
with directly teaching how to drive, but with presenting surrounding environment and internal information. Since
Mizusaki system uses a screen effect that is easily recognized even in peripheral vision such as vection and color, it
can attract the attention of the driver even while driving, and expect that it will not request gazing at unnecessary
time. In designing Mizusaki system, in order to investigate the optimum presentation timing, we conducted an
evaluation experiment of the system by changing the presentation timing. As a result of the experiment, we found
that when presenting at an earlier timing, drivers give better impressions.
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人間とエージェントとの協調作業における
適応的な信頼較正手法の提案

Adaptive Trust Calibration for Human-AI Collaboration

岡村和勇 ∗1
Kazuo Okamura

山田誠二 ∗2∗1
Seiji Yamada

∗1総合研究大学院大学
SOKENDAI (The Graduate University for Advanced Studies)

∗2国立情報学研究所
National Institute of Informatics

Poor trust calibration in human-AI collaboration often degrades the total system performance in terms of safety
and efficiency. Existing studies have primarily examined the importance of system transparency in maintaining
proper trust calibration, with little emphasis on how to detect over-trust and under-trust nor how to recover from
them. With the goal of addressing these research gaps, we propose a novel method of adaptive trust calibration,
which consists of a framework for detecting the status of calibration and cognitive cues called “trust calibration
cues”. Our framework and four types of trust calibration cues were evaluated in an online experiment with a drone
simulator. The result showed that presenting the simple cues at the time of over-trust could significantly promote
the trust calibration.

1. 背景
自律的システムと人間の協調作業においては，システムに

対して人間が持つ信頼が重要なパラメータとなることが知ら
れている．人間が持つ信頼とシステムの実際の能力がバランス
していない状態，すなわち不信あるいは過信状態においては，
効率の低下や危険な結果を招いてしまうことがある．これは例
えばドライバーと自動運転システムの関係を考えれば容易に理
解できる．
このバランスを取ることを信頼較正（trust calibration）と

呼び，[Lee 04] は “the correspondence between a person’s

trust in an agent and the agent’s capabilities“と定義してい
る．適切な信頼較正がなされていれば，過信や不信状態に陥る
ことが無く，人間とエージェントの協調作業のパフォーマンス
が安全かつ最大となりえる．先行研究 [Visser 14, Lyons 17]

においては，適切な信頼較正の維持のためには，システムの状
態を透過的に提示すること (system transparency) の重要性
が示されている．例えば，自動運転システムの不確実さをメー
タパネル内に表示することで，ドライバーの信頼を適切に維持
できることが示されている． [Helldin 13, Jung 15]

しかしながら，これらは過信や不信に陥らないようにするた
めの方策についての研究であり，筆者の知る限り，不適切な信
頼較正状態になっているかどうかの判定や，過信不信状態から
の復帰についての研究はあまり行われていない．本研究では，
この２つの観点から，適応的に信頼構成を促す新たな手法を提
案し，ドローンシミュレータを用いたオンライン実験による評
価を行った．

1.1 提案手法
本研究にて提案する，適応的な信頼較正手法は，不適切な信

頼較正状態を判定するフレームワークと，人間に対して適正な
信頼較正状態への復帰を促す認知的手がかり（信頼較正 CUE

と呼ぶ）から構成される．

連絡先: 岡村和男, 総合研究大学院大学 情報学専攻,
東京都千代田区一ツ橋 2丁目 1-2, ok@nii.ac.jp

1.2 信頼較正フレームワーク
人間と自律的エージェントの協調作業を想定する．ここで実

行すべきタスクは，人間が手動で行ってもエージェントに実行
させても良いが，その選択は人間が行うものとする．この協調
作業において，まず以下のパラメータを確率として定義する．

• Pauto: エージェントによるタスク実行の成功確率（エー
ジェントのタスク実行能力を表す）

• Ptrust: 人間による Pauto の推定値（人間によるエージェ
ントに対する信頼を表す）

Pauto はエージェントの内外状況（外部環境変化，故障など）
により変化するものとする．もし信頼較正が適切に行われてい
れば，Ptrust も Pauto の変化に従って変化し，同じ値になる
が，Ptrust > Pauto のままであれば過信状態，Ptrust < Pauto

のままであれば不信状態であると言える．これらは意味的に
は明瞭な定義であるが，実際には Ptrust の計測が困難であり，
このままでは状態の判定を行うことは難しい．そこで，本フ
レームワークでは，Pself を導入し，過信および不信を以下の
ように定義する．

• Pself : 人間によるタスク実行の成功確率（タスク実行に
関する自信を表す）

過信 エージェントに対する信頼が，人間によるタスク実行の
自信よりも大きい，かつ，人間によるタスク実行の自信
のほうがエージェントのタスク実行能力よりも大きい時，
過信状態にあると言う

(Ptrust > Pself ) ∧ (Pself > Pauto) (1)

不信 エージェントに対する信頼が，人間によるタスク実行の
自信よりも小さい，かつ，人間によるタスク実行の自信
のほうがエージェントのタスク実行能力よりも小さい時，
不信状態にあると言う

(Ptrust < Pself ) ∧ (Pself < Pauto) (2)

式 (1)と (2)における左側の不等式は，人間の行為の観察に
より真偽を判定することができる．自動化エージェントにタス

1
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図 1: 信頼較正 CUEの分類

クを委任する行為が，人間の自信 (self-confidence)とエージェ
ントに対する信頼との関係によって説明できることが [Vries 03,

Gao 06, Yang 17]に示されている．人間がエージェントにタス
クを委任した場合，Ptrust > Pself であるとみなすことができ
る．また，エージェントに委任しなかった場合は，Ptrust < Pself

と推定される．このように式 (1)と (2)の左不等式の真偽は，
人間の行為から推定可能である．従って，残りの右不等式の真
偽を推定することが可能であれば，過信・不信を判定可能で
ある．
人間の行為からの信頼推定に関しては， [Hergeth 16] が，

視線の移動に注目した手法を提案している．この手法も適用範
囲が広いと考えられるが，エージェントへの委任行為の観察に
基づいた手法は実現の容易さにおいて優位性があると考えら
える．

1.3 信頼較正CUE
過信や不信の状態とは，一種の認知的なバイアス状態である

と考えられ，それゆえに抜け出すのは簡単ではない．そこで，
過信や不信状態において，適正な信頼較正を促すためのきっか
けとなる cue の提示を提案する．我々はこれを信頼較正 CUE

と呼ぶ．
信頼に影響を与える情報提示の方法については多くの研究

がなされている． [Visser 14] は，“trust cue’を用いたシステ
ム設計のガイドラインを提案している．また，[Komatsu 10]

は，直感的な通知手法として，“artificial subtle expressions”

(ASE)を提案している．[Cowell 05]は，会話エージェントの
ノンバーバル行為について論じ，顔の表情が信頼形成に対して
有意であったことを示している．これら先行研究を参考に，信
頼に影響を与える情報提示のカテゴリーを，機械的から擬人的，
直感的から論理的の二軸にてまとめたものが図 1である．本研
究では，Visual，Sound，Verbal Message，Facial Expression
の４つのカテゴリに着目し，信頼較正 CUEとしての有効性を
評価することとした．

1.4 適応的信頼較正
本研究が提案する適応的信頼較正は以下の手順にて実現さ

れる．

1. 人間の委任行為を観察する
2. 信頼較正フレームワークの式 (1) と (2)を評価する
3. 過信・不信が判定された場合，信頼較正 CUEを提示する
4. 最初から繰り返す

適切な信頼較正のためにシステムの透過性の維持の重要性を主

図 2: ドローンシミュレータ画面

図 3: 自動診断画面，選択画面，手動診断画面

張するこれまでの研究と異なり，本手法では，過信あるいは不
信の判定時に信頼較正 CUEを提示することで適切な信頼較正
を促すことを目的とする．

2. 実験
提案手法を評価するため，Webブラウザ上で動作するドロー

ンシュミレータを開発し，オンライン実験を実施した．図 2に
その画面を示す．今回の実験では，過信状態を対象とした．
設定した協調タスクは，道路表面の異常（穴，くぼみなど）

診断である．ドローンには，自動診断機能が搭載されており，
決められたチェックポイントに到達すると，実験参加者に，図 3

中央に示したように自動診断（ドローンに任せる）か手動診
断（自ら異常診断を行う）の選択が要求される．画面上の天
候，視界，画面下部に常時表示されるドローンの自動診断機能
の性能メーター（ Pauto を表す）が選択のための材料となる．
自動を選ぶと，図 3左に示されている自動診断結果が 3秒間
表示される．手動を選ぶと図 3 右に示されている画面が表示
され，画面の写真を見て参加者が手動で診断する．道路上の異
常は，濃い茶色の箇所として道路上に表示される．実験では手
動での診断の正解率が 75%以上になるように問題の難易度を
事前に調整した．
本実験では，4種類 (Visual, Audio, Verbal, Anthro)の信頼

較正 CUEの効果を評価した．Visual CUEは赤い逆三角形の
警告表示，Audio CUEは [Komatsu 10] にて提案された（周
波数が 400Hzから 250Hzへ減る）オーディオ ASE，Verbal

図 4: 実験で評価した 4種類の信頼較正 CUE
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CUEは「その選択は良くないかもしれません」という文字列
を表示する吹き出し，Anthro CUEは正面に目を表示したド
ローンのアニメーションをそれぞれ使用した．
実験はマクロミル社の提供するクラウドソーシングサービス

を使って実施され，194名がオンラインで参加した (平均年齢 (

標準偏差) = 44.35(14.10)才,うち女性 98名)．参加者は，１
種類の信頼較正 CUEがそれぞれ提示される４つの実験群と，
信頼較正 CUE提示無しの実験群の計５つのどれかにランダム
に割り当てられた．
実験参加者は，まず最初に，実験目的と操作方法，および

手動診断の正解率は平均 75%であること，自動診断の正解率
は極めて優秀であるが天候に左右されること，を画面上で学
んだ．次にビープ音の再生による音量調整と操作練習を行っ
た後に，実験を開始した．実験においては，チェックポイント
6ヶ所を診断完了するまでは良好な天候とし，その間の Pauto

を 100%とした．6ヶ所目の診断完了直後より，天候を悪化さ
せた．具体的には雷雨の効果音再生と画面暗転を行い，Pauto

を 50%に低下させた．実験を通じて Pself は Pautoに比べ，そ
れほど大きくは低下しないという仮定をおいた．これにより
Pself − Pauto の符号は，好天候時と悪天候時で反転すると想
定し実験システムにあらかじめ組み込んだ．
本実験では，信頼較正フレームワークの式 (1)の値が，最新

を含む連続した 3ヶ所のチェックポイントでのウィンドウ中で
2回以上真となった際に過信であると判断し，信頼較正 CUE

が提示された．具体的には，自動選択のボタンが押された直後
に，その行為にて過信判定された場合，ボタンのそばに３秒間
CUEが表示（Audio CUEの場合は再生）された．
実験コース上には，30ヶ所のチェックポイントが設けられた

が，そのうち 22ヶ所をクリアするか制限時間 8.5分を超える
かのどちらかで実験終了とした．好天候と悪天候の期間が少な
くとも同等になるよう，実験参加者は少なくとも 15ヶ所以上
のチェックポイントを診断完了することが期待された．
全てのキーボード入力およびマウスクリックがタイムスタン

プと共に記録された．

3. 結果
参加者のうち，117名が 15ヶ所以上のチェックポイントを診

断完了した (平均年齢 (標準偏差) = 43.25(14.01)才,範囲 20−
69 才,女性 50 名)．その内訳は，NoCUE(CUE 提示無し) 実
験群 28 名，Visual CUE 実験群 18 名，Audio CUE 実験群
22 名，Verbal CUE 実験群 30 名，Anthro CUE 群 19 名と
なった ．
チェックポイントの 1ヶ所目から 6ヶ所目までを区間１（好

天候），7～9ヶ所目までを区間２（悪天候 CUE提示なし）∗1，
10～15ヶ所目までを区間３（悪天候 CUE提示あり）とし，各
実験群の区間１と３における平均手動選択率を求めた．なお，
手動診断の際の平均正解率は 88%となり，想定通り 75%を上
回った．
測定されたデータに基づき，信頼較正CUEを第１要因（CUE

の種別により５水準），チェックポイント区間を第２要因（前
述の区間 1と区間 3の２水準，対応あり），そして従属変数を
平均手動選択率とする，２要因混合計画の ANOVAによる検
定を行った．
第１要因（信頼較正 CUE の種類）に主効果 (F (4, 112) =

3.59, p = 0.009, η2
p = 0.08) が認められた．また，第２要因

∗1 チェックポイントが３ヶ所のため，区間２の選択行為より前に信
頼較正 CUE は提示されない

図 5: 信頼較正 CUE毎の手動選択率（区間１と区間３）

図 6: 信頼較正 CUE毎の手動選択率（区間３での多重比較）

にも強い主効果 (F (1, 112) = 53.00, p < 0.001, η2
p = 0.32)

が認められた．さらに，２要因の間に交互作用が認められた
(F (4, 112) = 5.29, p = 0.0006, η2

p = 0.13)．
４種類全ての信頼較正CUEにおいて，それぞれ好天候であっ

た区間１と悪天候の区間３の手動選択率の間に統計的に優位な差
を認めた．Visual CUEで (F (1, 17) = 9.20, p = 0.0075, η2

p =

0.31)，Audio CUEで (F (1, 21) = 5.54, p = 0.03, η2
p = 0.17)，

Verbal CUE で (F (1, 29) = 67.79, p < 0.001, η2
p = 0.69)，

Anthro. CUE で (F (1, 18) = 8.55, p = 0.009, η2
p = 0.28) の

結果を得た．一方で NoCUE実験群では有意差は認められな
かった (図 5)．下方検定としてHolm法で adjustした多重比較
を区間３の信頼較正CUEに対して行った結果 (図 6)，NoCUE

と Verbal CUEとの間に有意差 (t(112) = 4.90, adjusted.p <

0.01, α = 0.05)が認められた．

4. 考察
信頼較正 CUE を提示しなかった NoCUE 実験群において

は，好天候の区間と悪天候の区間にて手動選択率に有意差が認
められなかった．今回の実験において，悪天候時の画面変化，
雷雨効果音，そして自動診断性能メーターの指示値の低下は極
めて明示的で認知しやすいものと考えられるが，NoCUE実験
群の参加者は好天時と同様にドローンへのタスク委任を継続し
た．本実験群の結果より，NoCUE実験群の参加者は過信状態
に入っており区間３までの間では不適切な信頼較正状態から自
力で抜け出すことができなかったものと見做すことができる．
４種類の信頼較正 CUEを提示した実験群においては，いず

れの実験群においても区間１より区間３の手動選択率が有意
に増加し，信頼較正 CUEの効果が認められた．すなわち信頼
較正が促され，より適切な状態へ移行したと見做すことがで
きる．
やや意外なことに，Verbal CUEが最も高い効果を示した．

よりはっきりと目立つがシンプルな警告の意味に留まる他の
CUEと比べると，Verbal CUEには，表示する警告文字列中
に「選択」という単語が含まれているおり，このことが参加者
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の次の委任行為（自動と手動の選択）に対して影響を与えた可
能性が推測される．Audio CUE にも，より大きな効果が期待
されていたが，Verbal CUEを超えることはなかった．ひとつ
には実験環境でのドローンの飛行音や悪天候時の雷雨の効果音
など他の音源が干渉した可能性が考えられる．また，Anthro

CUEも，実験前の期待に反して，それほど大きな効果は認め
られなかった．このことは単に画面上での認識度合いが大きい
だけでは信頼較正CUEとして不十分であることを示している．
以上より，常時表示される手段でシステムの透明性を維持す

るだけでは，例えそこに必要と考えられる情報が提示されてい
ても，過信状態から抜け出すことが困難である場合が存在する
ことと，過信状態において信頼較正 CUEを提示することで行
動を変化させることができることが示された．また，次の行為
を連想する情報を含む信頼較正 CUEが，そうでない CUEよ
り有効に働く場合があることを観測することができた．

5. まとめ
本研究では，信頼較正フレームワークと信頼較正 CUE を

用いて適応的な信頼較正を促す手法を提案し，ドローンシミュ
レータを用いた，過信状態の検出と信頼較正の促進実験を実施
し，提案手法の有効性を示すことが出来た．
今回の実験では，先行研究にても多く用いられている発見

タスク（あるいは偵察タスクとも呼ばれる）での過信状態を最
もシンプルなシナリオにて評価を行ったが，不信状態を含むよ
り多様なシナリオでの検証が必要である．また，異なるタスク
要因（負荷，結果のリスクなど），異なるユーザ要因（事前知
識やシステムを信頼しやすい傾向の有無など）での検証も必須
である．また，フレームワークにおける Pself の扱いの検討お
よびさらなる信頼較正 CUEの評価なども今後の課題である．

6. 謝辞
本研究は JSPS科研費 JP26118005 の助成を受けた．
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Scrapbox

An Analysis of Learning Processes using Scrapbox and Learning Outcomes

∗1
Nobuhiko Kondo
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Toshiharu Hatanaka
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Takeshi Matsuda
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Tokyo Metropolitan University
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In order to improve students’ learning activities, it is important for teachers to understand how they learn both
inside/outside classes and to support them in line with each student’s actual learning process. In this research, we
analyzed recorded data on an online note system, Scrapbox, to clarify students’ learning processes and outcomes.
The data were created by students as the performance of tasks on Scrapbox and collected as its log files. As a
result, we could quantify and visualize some students’ knowledge network building on online notes. In addition, it
was implied that a deep learning with consciousness of the association among different knowledge had a possibility
to enhance student s self-evaluation of his/her understanding.
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Diagnosing and Promoting Self-Directed Investigative Learning on the Web 

 

*1       *1       *2       *3       *4 
                          Yoshiki Sato            Akihiro Kashihara         Shinobu Hasegawa           Koichi Ota                  Ryo Takaoka 

 *1  *2  
 The University of Electro-Communications Japan Advanced Institute of Science and Technology 

 *3  *4  
      Japan Institute of Lifelong Learning Yamaguchi University 
 

In Web-based investigative learning, learners are expected to construct wider and deeper knowledge with navigating Web 
resources/pages. On the other hand, learners need to create a learning scenario with decomposing into related ones as sub-
questions in order to elaborate the initial question. In our previous work, we have built a model of Web-based investigative 
learning and developed the system named iLSB, which scaffolds the investigation for learners. However, learners often 
investigate unrelated questions even if they use iLSB. This suggests the necessity of diagnosing learner-created scenario to 
present the results as feedback. On the other hand, it prevents learners from self-directed investigation. Toward this issue, we 
aim to diagnose learner-created scenario without prevention of self-directed investigation with LOD and to present the 
diagnosed results on the scenario. This paper also reports a case study. The results suggest that feedback of appropriateness of 
question decomposition can promote reflection and contribute to creating more appropriate scenario. 
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A Lecture Substitution Robot for Diagnosing and Reconstructing Presentation Behavior 
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In lecture with presentation slides such as e-Learning lecture, it is important for lecturers to control their non-verbal behavior 
involving gaze, gesture, and paralanguage. However, it is not so easy even for skilled lecturers to properly use non-verbal 
behavior in their lecture to facilitate learners’ understanding. This paper proposes robot lecture, in which a robot substitutes 
for a human lecturer, and reconstructs his/her non-verbal behavior to enhance his/her lecture. Towards such reconstruction, 
we have designed a model of presentation behavior. This paper also reports a case study with the system, whose purpose was 
to ascertain the benefits of robot lecture. The results suggest that the robot lecture involving reconstruction promotes 
participants’ understanding of the lecture slides. This also indicates the validity of the presentation behavior model. In 
addition, gaze, face direction, and pointing gesture for keeping and controlling learners’ attention in the robot lectures could 
be more acceptable and understandable.  

e-Learning

  

PC

 
e-Learning

 

Kamide

[Kamide 2014]

 [ 2014]

 

 
[Ishino 2018]

 

Microsoft Kinect

 

基本
構成要素

意図２
伝達内容に
集中してもらう

意図３
内容を詳細に
理解してもらう

注意誘導
理解促進
（重要性）

理解促進
（関係性）

視線
・スライド向き
・聴衆向き
・アイコンタクト
・詳細コンテンツ

スライド間
つなぎ表現
・順接
・並列
・対比
・転換

ジェスチャ
・Iconic
・Dectic
・Metaphonic 

パラ言語
・ピッチ
・音量
・速度
・間
・抑揚

意図１
プレゼンに

興味を持ってもらう

マルチメディア
・動画
・音楽

動作
カテゴリ

伝達意図

注意喚起 注意維持

11 

The 33rd Annual Conference of the Japanese Society for Artificial Intelligence, 2019

1P3-OS-21-04



 

- 2 - 

NTT R-env:  [ 2016] Vstone
Sota  

e-Learning

( )
( )

Q4,Q6
2 Q8 Q11

p<0.01

( )

  

t 5%
t(21)= 1.925 p<.05

t 1%
t(21)= 2.590 p<.01

 

 

JSPS 
(No.18K19836)  

 [Kamide 2014]  Kamide, H., Kawabe, K., Shigemi, S., and Arai, T: 
Nonverbal behaviors toward an audience and a screen for a 
presentation by a humanoid robot, Artificial Intelligence Research, 
Vol.3, No.2, pp.57-66 (2014)  

[ 2014]    
: , 

Vol.63 pp.9-17 (2014). 
[Ishino 2018]  Ishino, T., Goto, M., and Kashihara, A.: A Robot for 

Reconstructing Presentation Behavior in Lecture, 6th International 
Conference on Human-Agent Interaction, pp. 67-75 (2018). 

[ 2016]  ,  ,  ,  ,  , 
 : R-env: , 

, JSAI2016  (2016)  

モーションデータ

Phase 1
プレゼンの収録

Phase 2 
プレゼン動作の診断・再構成

プレゼンテーショ
ン動作モデルとの

比較講師による
プレゼンテーション

オーディオデータ
音声認識
エンジン

パラ言語

＊講師の意図

講師による修正

ジェスチャ認識DB

＊オーラル
テキストデータ

ジェスチャ同定
エンジン

スライドデータ
スライド
コンテンツ

修飾データ

スライド
テキストデータ

スライド
コンテンツ

スライドサーバ

プレゼン
動作シナリオ

Phase 3
ロボットによる講義代行

Sotaによる
プレゼンテーション

視線方向

 2  

被
験
者
の
回
答
数

ビデオ条件 ロボット条件

わかりやすさ 集中度合い 視線 モチベーション
の維持

* p<.01χ2検定

  3 

0.00

1.00

2.00

3.00

4.00

5.00

6.00

被
験
者
の
平
均
点
数

再構成ロボット 再現ロボット 講師の動画

** p<.01
* p<.05

片側 t 検定

  4 

The 33rd Annual Conference of the Japanese Society for Artificial Intelligence, 2019

1P3-OS-21-04



[1P06-09-5]

©The Japanese Society for Artificial Intelligence 

 JSAI2019 

4:40 PM - 5:00 PM  (Tue. Jun 4, 2019 3:20 PM - 5:00 PM  Room P)

Discussion / Conclusion

 
Discussion / Conclusion


