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ブリヂストングローバル研修センター 
 1A 会議室 (1F) 2B/2C 会議室 (2F) 

9:30 Opening Remark  

9:40 
基調講演 

10:30 Session 1 
メタマテリアル・形状制御による価値創出 

11:45 Lunch 
(70min.) 

12:55 Session 2 
材料技術による価値創出 

14:40 Session 3 
新規プロセスによる価値創出 

15:35 
協賛団体活動紹介 

15:55 
ショーケース ショートプレゼンテーション 

16:30 
実行委員会からの連絡 

16:40 懇親会 会場準備 (ショーケース展示準備) 

17:20 
懇親会 

(情報交換会) 
(90min.) 

 

18:50 
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(Zoom) 

ブリヂストングローバル研修センター 
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9:00 

 

ショーケース準備 

9:20 
ショーケース 

研究成果発表と議論 
協賛団体 
活動紹介 

10:40 
主催者挨拶 

 

10:45 Session 4 
社会実装に向けて 

12:00 Lunch 
(70min.)

13:10 Session 5 
DfAM，4DFF 設計指針 

14:55 Session 6 
価値創出に向けたプロセス，ユニーク形状 

16:10 Session 7 
QOL，コミュニケーションの向上 

17:25 
ライトニングトーク 

17:50 表彰式 
Closing Remark 18:10 
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Conference on 4D and Functional Fabrication 2023 
~ New Paradigm over 3D Technology ~ 

 

 

Technical Program 

11 月 1 日(水) 

09:30 - 09:40 

Opening Remark 
4DFF2023 大会実行委員長 湯浅 亮平 (慶應義塾大学) 

09:40 - 10:30 
 
 

座長： 湯浅 亮平 (慶應義塾大学) 

KN-01 磁場駆動型 4D 造形 

 津守 不二夫 (九州大学) 1 
 

10:30 - 11:45 

Session 1 

メタマテリアル・形状制御による価値創出 
座長： 竹之内 崇 (三菱ケミカル株式会社) 

10:30 

OP-01 面心立方構造，体心立方構造，およびダイヤモンド構造を有する原子模倣メタマテリアルの弾性異方性 

 細田 昌希，鐘ヶ江 壮介, 奥川 将行, 尾方 成信, 小泉 雄一郎 (大阪大学大学院) 3 

10:50 

OP-02 硬さスイッチ：局所加熱による低電圧動的硬さ制御構造体の提案 

 徳田 雄嵩，小林 達也  (株式会社 KDDI 総合研究所) 7 

11:10 

OP-03 磁性体を活用したゲルレンズの外縁引張による焦点調節機構の検討  

 高橋 優河， 櫻井佑真 ，渡邉洋輔， 小川純，エムディ ナヒン イスラム シブリ ，古川英光  

  (山形大学) 11 

11:30 

Session 1 オーサーズインタビュー（OP-01～OP-03） 

 

 

 

 

基調講演 
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12:55 - 14:40 

Session 2 

材料技術による価値創出 
座長： 高橋 茂樹 (山形大学) 

12:55 - 13:25 
 
 

IN-01 軟質樹脂 3D プリントを用いた最終製品量産化への挑戦 

 ～ワコール×キョーラク ぷるるんメッシュパッド発売までの道のり～ 

 富田 知幸 1，堀部 香里 2 (1 キョーラク株式会社，2 株式会社ワコール) 15 
 

13:25 

OP-04 難燃剤を用いた 3D プリンティング材料の高機能化  

 中村 達人，高根 涼，酒井 敦史，米澤 豊，野村 和清 (株式会社 ADEKA) 25 

13:45 

OP-05 建設用 3D プリンタによる廃棄土壁由来の再生材料を用いた MEX 造形 

 田住 梓 1，鷲見 良 1, 岩本 卓也 2 (1ND3M，2 株式会社 Polyuse) 29 

14:05 

OP-06 飲料テクスチャに触発された知識埋込みゼラチン識別子 

 長瀬 駿介 1，小川 純 2, 渡邉 洋輔 2，エムディ ナヒン イスラム シブリ 2，古川 英光 2  

  (1 山形大学，2 山形大学大学院) 33 

14:25 

Session 2 オーサーズインタビュー（OP-04～OP-06） 

14:40 - 15:35 

Session 3 

新規プロセスによる価値創出 

座長： 木脇 幸洋 (株式会社ブリヂストン) 

 

OP-07 Withdraw 熱膨張素材による帆布の自己折手法の検討 

 開元 宏樹，筧 康明 (東京大学大学院)  

14:40 

OP-08 大型 3D プリンタによる「まちアイテム」制作を通じた Freeline.Tube 技法の検証  

 荒井 将来，髙橋 美帆，田中 浩也 (慶應義塾大学) 37 

15:00 

OP-09 デジタルファブリケーションによる日本画表現に基づく彩色手法の検討 

 溝脇 由女，筧 康明 (東京大学大学院) 41 

15:20 

Session 3 オーサーズインタビュー（OP-08～OP-09） 
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15:35 - 15:55 

4DFF 研究会協賛団体活動紹介 

KJ ケミカルズ株式会社 

山形大学インクジェット開発センター 

株式会社 3D Printing Corporation 

三菱ケミカル株式会社 

15:55 - 16:30 

ショーケース：ショートプレゼンテーション 
座長： 山岡 潤一 (慶應義塾大学) 

 
SC-01 光造形 3D プリントによるシリカガラス製ジャイロイド構造体 

 伊藤 慎一郎 1，高木 祐輝 1，藤野 茂 2 (1 京都産業大学，2 九州大学) 45 

 
SC-02 ノニオン系ポリマーを用いた 3D プリンティング向け熱可塑性樹脂材料の機能化 

 川上 結子，中村 達人，浅川 慕子，野村 和清 (株式会社 ADEKA) 47 

 

SC-03 舘-三浦の多面体の 3D プリンティングによる造形と座屈変形の可視化 

 嶋貫 研人，富田 直，梅本 和彦 (株式会社豊田中央研究所) 49 

 

SC-04 回収ボトルキャップの再資源化および Fused Granular Fabrication による大型 3D プリンティング 

 中野 雄太 1，織茂 亜希子 1，濵﨑 トキ 2，大日方 伸 3  

  (1 三菱ケミカル株式会社，2 株式会社 Boolean，3 株式会社積彩) 51 

 

SC-05 マルチスペクトルカメラによるインデックスマッピングとそれらのフルカラー3D 造形 

 内田 孝幸，杉山 尚輝，栗崎 駿，柴田 太樹 (東京工芸大学) 53 

 

SC-06 ものづくりの満足感を向上させるための身体動作を入力とした 3D モデリングインタフェースの開発 

 高木 祐輝，伊藤 慎一郎 (京都産業大学) 57 

 

OP-07 バクテリアコロニーパターンのマテリアルデザインとしての利用法 

 杉浦 真也 1，Matthew Waldman1，岩崎 秀雄 2，山岡 潤一 1 (1 慶應義塾大学大学院，2 早稲田大学) 61 

 

SC-08 3D フードプリンタを用いた食感デザインの検証  

 中須賀 絵莉 1，若杉 亮介 2，船井 翔 3，浅井 睦 4，斎藤 健太郎 5，山岡 潤一 1 

  (1 慶應義塾大学大学院，2Byte Bites 株式会社，3 東京大学大学院， 
  4Metalium 合同会社，5 株式会社 FabCafe Nagoya) 65 

 

SC-09 Withdraw 透明素材 3D プリント造形物と映像を用いた流体的視覚効果の探求 

 松岡 佑馬，田中 浩也 (慶應義塾大学)  

 

SC-10 Withdraw フルカラーLED とファブリケーションを組み合わせた新たな光源デザイン 

 髙橋 美帆，田中 浩也 (慶應義塾大学)  

16:30 - 16:40 

実行委員会からの連絡 
4DFF2023 大会副実行委員長 木脇 幸洋 (株式会社ブリヂストン) 
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11 月 2 日(木) 

09:20 - 10:40 

4DFF2023 ショーケース 
(ショーケースは会場のみ) 

（SC01～SC08） 

10:40 - 10:45 

主催者挨拶 
4DFF 研究会代表 田中 浩也 (慶應義塾大学) 

10:45 - 12:00 

Session 4 

社会実装に向けて 

座長： 常盤 拓司 (慶應義塾大学) 

10:45 

OP-10 触感を見せる - 3D ゲルプリンターを用いたやわらかアートの制作と展示- 

 臼井 昭子 1，渡邉 洋輔 2，古川 英光 2  

  (1 山形大学有機エレクトロニクスイノベーションセンター，2 山形大学) 69 

11:05 

OP-11 デジタル・ファブリケーションを利用した木材流通のデザイン 

 宮本 瑞基 1，水野 大二郎 2 (1 合同会社 Poietica，2 京都工芸繊維大学) 73 

11:25 

OP-12 食品残渣由来バイオマス配合樹脂による，地域内資源循環型ものづくり検討 

 湯浅 亮平 1，荒井 将来 1，高橋 昭人 2，田中 浩也 1 

  (1 慶應義塾大学，2 株式会社放電精密加工研究所) 77 

11:45 

Session 4 オーサーズインタビュー（OP-10～OP-12） 

13:10 - 14:55 

Session 5 

DfAM，4DFF 設計アプローチ 

座長： 古賀 洋一郎 (株式会社 3D Printing Corporation) 

13:10 - 13:40 
 
 

IN-02 熱を加えるだけで狙った立体に自動で変形する布「Steam Stretch」の設計技術 

 大嶋 泰介，須藤 海 (Nature Architects 株式会社) 81 
 

13:40 

OP-13 3D プリンター造形物の異方性解析と機械特性への影響検討 

 駒場 澄香，竹之内 崇  (三菱ケミカル株式会社) 83 

14:00 

OP-14 食感思考型 3D フードデザイン- 咀嚼ロボは音をどう調理するか 

 鈴木 悠人 1，小川 純 2, 渡邉 洋輔 2，エムディ ナヒン イスラム シブリ 2，古川 英光 2   

  (1 山形大学，2 山形大学大学院) 85 
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14:20 

OP-15 DfAM を考慮した授業および研究事例報告 

 松本 宏行 1，本多 洸世 2，Cao Wenbo2  (1 ものつくり大学，2 ものつくり大学大学院) 89 

14:40 

Session 4 オーサーズインタビュー（OP-13～OP-15） 

14:55 - 16:10 

Session 6 

価値創出に向けたプロセス，ユニーク形状 

座長： 大柏 宣栄 (武藤工業株式会社) 

14:55 

OP-16 G-coordinator : G-code 生成の新たな手法とその可能性  

 谷口 朝洋 (大阪府立大学) 93 

15:15 

OP-17 ヘッド固定ステージ可動形プリンティングシステムによる凹面への付加造形と加飾の検討 

 蘇 健恒 1，田沼 千秋 2，田中 豊 1 (1 法政大学，2 法政大学マイクロナノテクノロジー研究センター) 97 

15:35 

OP-18 磁石を用いた組み換え可能なモジュール型ソフトセンサの提案 

 佐倉 玲，香川 舞衣，韓 燦教，筧 康明 (東京大学) 99 

15:55 

Session 6 オーサーズインタビュー（OP-16～OP-18） 

16:10 - 17:25 

Session 7 

QOL，コミュニケーションの向上 

座長： 市原 政喜 (市原国際特許事務所) 

16:10 

OP-19 モアレ現象を応用した情報カモフラージュ技法と OOH メディアへの応用  

 木下 里奈 1，大平 麻以 2，田中 浩也 2  (1 慶應義塾大学大学院，2 慶應義塾大学) 103 

16:30 

OP-20 人の触り方を記録する「やわらかメモリー」の検討 

 田山 佳宗 1，渡邉 洋輔 2，エムディ ナヒン イスラム シブリ 2，小川 純 2，古川 英光 2  

  (1 山形大学，2 山形大学大学院) 107 

16:50 

OP-21 クラゲと水草の共生を表現するアクアリウムセラピー型浮遊培養地 

 茅原 琢斗 1，小林 竜也 2 , 小川 純 2，渡邉 洋輔 2，エムディ ナヒン イスラム シブリ 2，古川 英光 2 

  (1 山形大学，2 山形大学大学院) 111 

17:10 

Session 7 オーサーズインタビュー（OP-19～OP-21） 

17:25 - 17:50 
 
 

司会：青木 まゆみ (慶應義塾大学) 
 
 

17:50 - 18:10 

各賞受賞者発表 & Closing Remark 

4DFF2023 大会副実行委員長 藤井 雅彦 (慶應義塾大学 SFC 研究所/inkcube.org) 

Lightning Talk
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4DFF 研究会協賛団体 

1 
 

KJ ケミカルズ株式会社 https://www.kjchemicals.co.jp/ 

2 
 

山形大学インクジェット開発センター https://inkjet.yz.yamagata-u.ac.jp/yu-ijc/ 

3 
 

株式会社 3D Printing Corporation https://www.3dpc.co.jp/ 

4 
 

三菱ケミカル株式会社 https://www.m-chemical.co.jp/ 

 

講演者紹介 

基調講演 

津守 不二夫 (九州大学大学院 工学研究院 航空宇宙工学部門 教授) 

1994 年 東京大学工学部金属工学科卒業 
1996 年 東京大学大学院工学系研究科金属工学専攻修士課程 修了 
1999 年 東京大学大学院工学系研究科金属工学専攻博士後期課程 修了，博士(工学)東京大学 学位授与 
2000 年 大阪府立産業技術総合研究所 客員研究員 
2001 年 京都大学大学院工学研究科機械工学専攻 助手 
2004 年 京都大学大学院工学研究科マイクロエンジニアリング専攻 講師 
2009 年 九州大学大学院工学研究院機械工学部門 准教授 
2010 年 フライブルク大学 Dept. Microsystems Eng., Visiting Researcher(JSPS 優秀若手研究者海外派遣) 
2020 年 九州大学大学院工学研究院航空宇宙工学部門 教授 

 

招待講演 

富田 知幸 (キョーラク株式会社 技術研究本部) 

千葉大学工学部卒業後，キョーラク株式会社に入社．入社初年より軟質樹脂を用いた 3D プリント技術開発に従事し，新技

術・新商品の開発に注力している．「ぷるるんメッシュパッド」開発では，自社の有する熱可塑性樹脂材料ノウハウ，及び軟

質樹脂 3D 造形技術の観点から製品開発に貢献，量産立ち上げまで実施した． 
 
 
 

堀部 香里 (株式会社ワコール マーケティング本部人間科学研究開発センター) 

奈良女子大学生活環境学部を卒業後，株式会社ワコールに入社． 人間科学研究開発センターに所属し，人間科学的視

点に基づいた製品開発や新技術開発に従事．近年は 3D プリント技術のインナーウェアへの転用に取り組み，2023 年 3 月

リリースの「ぷるるんメッシュパッド」を開発． 
 
 

 

大嶋 泰介 (ネイチャーアーキテクツ株式会社 CEO) 

東京大学総合文化研究科広域科学専攻広域システム科学系博士課程単位取得退学．独立行政法人日本学術振興会特

別研究員(DC1)，筑波大学非常勤研究員などを経て，2017 年 5 月に Nature Architects を創業．メカニカル・メタマテリアル，

コンピュテーショナルデザイン，デジタルファブリケーションの研究に従事する．独立行政法人情報処理推進機構より未踏

スーパークリエータ，総務省より異能ベーションプログラム認定． 
 
 

須藤 海 (ネイチャーアーキテクツ株式会社 CRO) 

東北大学理学部卒業(学士)，東京大学大学院総合文化研究科卒業(修士)．現在同研究科博士後期課程にて折紙工学・

計算折紙の研究に従事．2018 年度未踏事業にて折紙技術を用いたプロダクト設計支援ツール「Crane」を谷道と共に開発．

2017 年に Nature Architects にて創業メンバとして参画．最高研究責任者(CRO)として研究開発に従事． 
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Stiffness Switch: Proposal of a Stiffness Controllable Structure by Low-Voltage Pinpoint Heater 

Yutaka TOKUDA1, Tatsuya KOBAYASHI1

1KDDI Research, Inc.

Abstract
Built-in stiffness control of 3D printed structures using heat has been difficult due to high voltage requirements and 

low heating efficiency. We propose a new dynamic stiffness controlled structure whose hardness can be efficiently 
modulated by heating only the part of the structure where stress is concentrated. As a proof-of-concept, we have fabricated 
a small Joule heater using carbon nanomaterial heating paint and demonstrated efficient dynamic stiffness control method 
by attaching the heater to the pillar of a 3D printed H-beam structure. We experimentally showed that the proposed 
structure can sustainably control the buckling strength and thus stiffness with a voltage of less than 10 V. 
Keywords: heating paint, carbon nanomaterial, stiffness, thermoplastic resin, H-shaped beam, Joule heating
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Focus adjustment mechanism of gel lens by outer edge tension utilizing magnetic soft materials

Yuga Takahashi1  Yuma Sakurai1  Yosuke Watanabe1 Jun Ogawa1

MD Shiblee Nahin Islam1 Hidemitu furukawa1

1Faculty of Engineering  Yamagata University

Abstract
Bifocals and multifocal IOLs improve the QoL of the wearer by introducing a static structure to the lens that allows 

the lens to form images at multiple focal positions. On the other hand, we thought that a lens that enables continuous 
focus adjustment could be developed if it had a flexible lens and a structure that deforms it as a whole mechanism. In this 
study, we employ a magnetic soft material on the outer edge of a flexible hydrogel lens to develop a mechani sm that 
enables continuous adjustment of the focal position by an external magnetic field. The gel lens was fabricated based on 
the composition of dimethylacrylamide gel with a water content of approximately 90%, and a flexible material with 
magnetic particles added was bonded to the outer edge of the molded gel lens. It was found that the lenses could be 
deformed by an external magnetic field to adjust the focus.
Keywords: Gel  lens  magnetic material  focus adjustment  soft material
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Functionalization of Materials for 3D-Printing via Flame Retardants 
 

Tatsuhito NAKAMURA, Ryo TAKANE, Atsushi SAKAI, Yutaka YONEZAWA, Kazukiyo NOMURA 
 

ADEKA Corporation 
 

Abstract
Material Extrusion, MEX, is one of the most promising methods in additive manufacturing of thermoplastics and this 

method has been used for the production of parts for automobiles and electronics recently. Meanwhile, performance of 
pure plastics is insufficient when applying it to specific applications. Most of thermoplastics are easy burning in nature 
and this could be a serious threat to human life when fire hazard occurs, so flame retardancy is required for some 
applications. To add flame retardants to the plastics is one of the representative methods to produce flame retarded 
materials. In this study, test specimen based on PC/ABS with flame retardant was prepared by MEX-type 3D printer and 
its flame retardancy was evaluated by UL94 combustion test. By using specific flame retardant, stableness of material 
extrusion stability while 3D printing was achieved and it provided high flame retardancy to PC/ABS material.  
Keywords: Material Extrusion (MEX), Filament, Flame Retardancy, UL94, PC/ABS 
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Azusa TAZUMI, Ryo SUMI, Takuya IWAMOTO

ND3M, Polyuse Co., Ltd

MEX 3D Printing Using Recycled Material from Waste Wall Clay

Abstract
     Clay walls have been used extensively in Japanese architecture. Today, when they are demolished, they become 

recyclable, and low-cost. Therefore, it may be useful in some situations. In this report, we try to convert wasted clay 
walls into new value using 3D printing technology. We practice modeling while examining the composition using clay 
from multiple regions.
Keywords:mud wall, 3D printing, waste material,  natural material, drying shrinkage, japanese architecture
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Verification of the Freeline.Tube Technique through the fabrication of 'Urban Items' 
by Large-scale 3D Printer. 

Masaki ARAI1, Hiroya TANAKA1, Miho TAKAHASHI1 
 

1Keio University 
 

Abstract
Recently, examples have emerged in which large 3D printers are used to create panels that look like lattices, which are 

then applied to partitions and other products. Aectual, a Dutch design studio, has developed a partition called 
"Freeline.Tube," which is made from a large 3D printer and recycled materials. This research applied the Freeline.Tube 
technique to create three types of "portable DJ booths," a new public good "town item" needed in Kamakura City, using 
recycled materials and a large 3D printer. Through the fabrication process, this study verifies the characteristics of the 
Freeline.Tube technique and describes its potential applications. 
Keywords : large-scale 3Dprinter, Recycled materials, toolpath, design 
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Functionalization of Thermoplastic Material for Additive Manufacturing via Nonionic-polymer

Yuko KAWAKAMI, Tatsuhito NAKAMURA, Motoko ASAKAWA, Kazukiyo Nomura

ADEKA Corporation

Abstract
In this study, we have tried developing the material for additive manufacturing by addition of nonionic-polymer (3D-

AS01) to achieve both good static-charge dissipation properties and good designability. Test specimen was prepared from 
filament based on ABS resin and 3D-AS01 by using MEX-type 3D printer, and it achieved static-charge dissipation level 
of the surface resistivity. In addition, optimal coloring was achieved by pigments. Moreover, stable performance was 
exhibited regardless of build orientation when using 3D-AS01. Therefore, nonionic-polymer 3D-AS01 is a suitable 
modifier for the materials which are prepared by MEX-type 3D printing and are required both good designability and 
stable static-charge dissipation performance.
Keywords: Thermoplastics, Material Extrusion, Additive Manufacturing, Static-charge dissipation, Designability, Anisotropy
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Modeling by 3D Printing of Tachi-Miura Polyhedron and Visualization of Buckling Deformation

Kento SHIMANUKI, Sunao TOMITA and Kazuhiko UMEMOTO

Toyota Central R&D Labs., Inc.
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Recycling of Collected Bottle Caps and
Large-scale Additive Manufacturing by Fused Granular Fabrication

Yuta NAKANO1, Akiko ORIMO1, Toki HAMASAKI2, Shin OBINATA3

1Mitsubishi Chemical Corporation, 2Boolean Inc., 3Sekisai Inc.

Abstract
While the domestic recycling rate of PET bottles is high, the utilization of their labels and caps remains limited. This 

limitation is due to factors such as the challenge of distinguishing the materials used and the lack of transparency in the 
material flow for recycling. Additionally, motivating consumers to engage in the sorting and recycling of these 
components is a persistent challenge. As part of our current empirical study, we undertook the reutilization of PET bottle 
cap through Fused Granular Fabrication to produce a table. Our results reinforced the utility of 3D printing as a method, 
especially considering its ability to efficiently recycle small quantities of reclaimed materials at a low cost. Furthermore, 
from a visualization perspective, 3D printing offers a comprehensible process in which collected caps are transformed 
into final products.
Keywords:3D, Thermoplastics, material extrusion, FGF, recycled material, large-scale AM, large-format AM
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Index mapping by multispectral camera and their full-color 3D modeling 
 

Takayuki UCHIDA1  Naoki SUGIYAMA 1  SHUN Kurisaki 1  Taiki SHIBATA 
 

1Tokyo Polytechnic University  
 

UAV LiDAR SfM

3D PC 3D

3D

3D NDVI 3D

CMY

 

Abstract

With the advancement of technologies such as UAVs and their onboard high-performance cameras, LiDAR, and 

multispectral cameras, as well as the spread of SfM, 3D modeling on PCs is becoming more and more familiar  Against 

this backdrop, full-color 3D modeling technology is attracting attention  In this showcase, models of landforms, 

buildings, cars, and human created by paper-laminated full-color 3D printing were exhibited  In addition, the terrain 

models showed not only visible light 3D models, but also 3D index mapping such as infrared and NDVI, which is an 

example of the development of this technology  The basic principle for full color display is additive color mixing, which 

is important for the original base white color as well as for CMY inks  The exhibit was designed to reaffirm the 

superiority of paper, a material that is white and has a history of this basic material  

Keywords:  
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Proposal for Advanced 3D Modeling Environment

Yuki TAKAGI, Shinichiro ITO,

Kyoto Sangyo University

Abstract
Focusing on the process of 3D printing, this study proposes a 3D modeling method that uses physical actions as inputs 

to improve the satisfaction of making. Making that involves manual handwork gives a particular sense of satisfaction to 
the maker. However, it is unclear whether the data creation and output process of digital fabrication machine tools gives 
satisfaction to the maker. Therefore, we attempted to develop a 3D modeling interface that uses body movements as input 
based on the hypothesis that the act of moving the body, like handwork in crafting, gives satisfaction to the creator. 
Specifically, using a 6-axis sensor attached to a part of the body, the 3D CAD software Rhinoceros, and its plug-in 
Grasshopper, we implemented a system that reflects body movement data acquired from the 6-axis sensor in the 
parameters of a 3D model. Observations and interviews were conducted to verify the usability of the system by having 
inexperienced and novice users with no experience in 3D modeling use this system. We believe this proposal will be 
useful for users with physical disabilities who have difficulty using conventional input methods such as mouse and 
keyboard.
Keywords: 3D modeling, interfaces, digital fabrication, 3D printing
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Verification of Texture Design Using 3D Food Printers

Eri Nakasuga1, Ryosuke Wakasugi2, Kakeru Hunai3, Mutsushi Asai4, Kentaro Saito5, Junichi Yamaoka 1

  
1Keio University Master of Media DesignByte, 2Bites Co., Ltd., 2The University of Tokyo Graduate School of 

Interdisciplinary Information Studies

 
4Metalium LLC, 5FabCafe Nagoya Co., Ltd.

Abstract
Texture plays a pivotal role in our dining experiences, greatly influenced by the structure of the food. The evolution 

of modern 3D food printing technology has made it possible to design intricate food structures. However, the specific 
relationship between shape and the resulting texture remains unclear. When designing new foods, replicating the intended 
texture is challenging. In this research, we aim to explore the correlation between food structure and texture and aspire to 
develop a system where anyone can easily design textures. Specifically, we leverage the expressive power of Japanese 
onomatopoeias that describe texture. We then reproduce the texture indicated by a particular onomatopoeia using a 3D 
printing model. As a result, we offer users an experience where they can intuitively design textures tailored to their 
preferences.This research holds the promise of bespoke texture design and expanding food diversity for individual users. 
Keywords:3DFoodPrinting, Design, Onomatopoeia
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1 

Using a 3D Gel Printer to Create Soft Art and Exhibit its Tactile Qualities 
 

Shoko USUI1, Yosuke WATANABE2, Hidemitsu FURUKAWA2 
 

1 Innovation Center for Organic Electronics (INOEL), Yamagata university,  
2 Graduate School of Science and Engineering, Yamagata university 

 

Abstract
With the aim of exploring the possibilities of artistic expression using gel as a modeling material and the 3D gel printer 

as a modeling method, we (1) classified the tactile qualities of 3D gel printer prints, (2) created three-dimensional works 
using the 3D gel printer, submitted them to an open competition, and exhibited them for over one month. As a result, the 
3D gel printer prints were classified as "soft," "smooth," "wet," and "cold" on the four tactile qualities (hard - soft, rough 
- smooth, dry - wet, and cold - warm). The Soft Art using 3D Gel Printer was evaluated by contemporary art experts as 
"a fresh work that gives a sense of the rawness of a living organism," etc. It was suggested that the value of Soft Art lies 
in the impacts of the creature-like tactile qualities of "soft," "smooth," "wet," and "cold" at this point in time. 
Keywords:3D Gel Printer, Gel PiPer, Soft Art, Tactile Qualities, 3D Works 
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Additive Manufacturing Analysis of Anisotropic Moldings

Sumika KOMABA, Takashi TAKENOUCHI

Mitsubishi Chemical Corporation

 

Abstract
This research proposes a method for analyzing the layered modeling of 3D printer parts that have anisotropic material 

properties due to the inclusion of fibers and other materials. We calculated the physical properties analytically using the 
Cox-Krenchel model, which takes into account the effects of fiber orientation and fiber conditions on the physical 
properties of fiber-reinforced materials, and analyzed the anisotropy of the 3D printer parts using CAE. As a result, the 
influence of anisotropy on mechanical properties was confirmed. By using the filler orientation information obtained by 
the proposed analysis method to perform structural analysis considering anisotropy, more accurate design of 3D printer 
parts can be expected.
Keywords:3D, simulation, modeling, anisotropy, fiber
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1

"Texture-Thought-Based 3D Food Design - How Does the Chewing Robot cook Sound?"

Yuto SUZUKI1, Jun OGAWA2  Yosuke WATANABE2,
MD Nahin Islam SHIBLEE2, Hidemitsu FURUKAWA2

1Faculty of Engineering, Yamagata University
 2Graduate School of Science and Engineering, Yamagata University

Abstract
Implantable Gel Biter is a piezoelectric sensing device that mimics the oral structure of humans, allowing it to capture 
waveforms by inducing the chewing of food. By learning texture information in the form of waveforms, it can identify 
the types of chewed food. On the other hand, a 3D food printer, based on data modeled in 3D CAD, layers food materials 
to create intricate shapes and designs. In this study, Implantable Gel Biter will then chew the 3D-printed food to construct 
a learning model by utilizing a 3D food printer to model cookies with various geometric shapes. Additionally, unrelated 
audio data waveforms, devoid of texture information, will be input into this learning system. The goal is to use these 
waveforms to model cookies with shapes inferred from the audio data, thereby exploring the creation of edible shapes 
based on sound information.
Keywords:3D Food Printer, modeling, Soft robot, Sensing, machine learning
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Report on Case Studies of Teaching and Research at DfAM 
 

CAO WENBO
Hiroyuki MATSUMOTO1, Kousei HONDA2, CAO WENBO2 

 

1Institute of technologits., 2Graduate School of Institute of technologists 
 

Abstract
This paper reports on a case study of teaching and research considering DfAM (Design for Additive Manufacturing). 
Design for Weight Reduction and Stiffness Improvement in relation to Topology Optimization is performed, and the 
design is fabricated by a 3D printer.The findings from the class and the research case study will be summarized and  
reported. 
 

Keywords: DCAD, DfAM,CAE 
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for height in range(LAYER): 

arg = np.linspace(0, 2*np.pi, 100) 

x = 10 * np.cos(arg) 

y = 10 * np.sin(arg) 

z = np.full_like(arg, (height+1) * 0.2) 

wall = Path(x, y, z) 

full_object.append(wall) 
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import numpy as np 

import print_settings  

from path_generator    import * 

from infill_generator import * 

from console            import * 

 

LAYER = 100  

 

def object_modeling(): 

    full_object=[] 

    for height in range(LAYER): 

        arg = np.linspace(0, 2*np.pi, 100) 

        x = 10 * np.cos(arg) 

        y = 10 * np.sin(arg) 

        z = np.full_like(arg,(height+1)*0.2) 

        wall = Path(x, y, z) 

        full_object.append(wall) 

        print(f'layer at {height=}') 

         

    return full_object 
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Investigation of layered molding on a three-dimensional concave surface by a fixed head and 
movable stage type printing system

Kenko SO 1, Chiaki TANUMA2, Yutaka TANAKA1

1Hosei University, 2Research Center for Micro-Nano Technology, Hosei University 

Abstract
We successfully achieved additive manufacturing on the concave surface of a structural object using a printing system 

with a fixed material extrusion nozzle and a movable forming stage. Additive manufacturing on the concave surface was 
accomplished by controlling the forming stage in 6DOF using an inclined linear motion parallel mechanism, while 
maintaining a constant distance between the nozzle and the surface of the structure. The prototype structures created on 
the concave surface of the object consisted of 16 mesh structures with diameter of 68mm, radius of 75mm, and 4mm 
spacing between them. This report discusses the experimental results of constructing a mesh structure on concave surfaces 
using the prototype printing system.
Keywords: additive manufacturing, 3D printing, parallel kinematic mechanism, positioning accuracy, MEX 
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Proposal for a Reconfigurable Modular Soft Sensor Using Magnets 
 

Rei SAKURA1, Mai KAGAWA1, Changyo HAN1, Yasuaki KAKEHI1 
 

1The University of Tokyo 
 

For interfaces made of flexible materials, there is ongoing development in the creation of deformable sensors 
employing conductive materials to detect deformation inputs from users. Given the increasing flexibility in the design of 
such soft sensors, allowing for customization of shape and flexibility to suit individual users, there is a need for tools that 
allow users to explore soft interfaces that meet their preferences through prototyping. Therefore, this research proposes 
an ad hoc soft sensor that users can design and explore. This is achieved by enabling the interchangeability of sensor 
modules that are 3D printed from conductive materials using magnets. This paper provides a detailed description of the 
design and implementation methodology of the proposed sensor and offers some applications as an illustration. 

* These two authors contributed equally to this work. 
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Moiré Camouflaging Method to Blend Information into Background 
 

Rina KINOSHITA1, Mai OHIRA2, Hiroya TANAKA2 

 

1Keio University Graduate School, 2Keio University 
 

In this study, we propose a method in which information is visible from a certain viewpoint but blends in the 
background when viewed from other viewpoints, using the phenomenon of moiré fringe appearing by superimposing a 
3D structure of line gratings and an image of line gratings. We propose its application to OOH (Out of home) media that 
shows a QR code as its content. The characteristics of this method are that the content can be seen only from a specific 
viewpoint, that the information camouflages into the texture of the background, that it catches the eye through dynamic 
movement and a sense of depth, and that no machinery is used after production. This gives the prospect of an OOH 
medium that catches people's eyes but does not spoil the landscape. 
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Examination of "Yawaraka memory" that records the way people touch

Yoshimune TAYAMA1, Yosuke WATANABE, MD Nahin Islam SHIBLEE2 Jun OGAWA2, Hidemitsu FURUKAWA2

1Faculty of Engineering, Yamagata University, 
2Graduate School of Science and Engineering, Yamagata University

Abstract
We propose a wearable device that records and stores human touch utilizing the physical reservoir computing of soft 

materials. This wearable device, referred to as "Soft Memory," realizes a comfortable fit by offering skin affinity through 
soft materials and adhering well to the user’s body shape and movements. By employing this device, we create a machine 
learning classifier capable of identifying touch actions and investigate the kind of communication that can be achieved 
by conveying information obtainable from the sense of touch to another user.
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Aquarium therapy-type floating culture that expresses the symbiosis of jellyfish and aquatic plants

Takuto CHIHARA1, Tatsuya KOBAYASHI2, Jun OGAWA2, Yosuke WATANABE2, 
MD Nahin Islam SHIBLEE2, Hidemitsu FURUKAWA2

1Faculty of Engineering, Yamagata University, 2Graduate School of Science and Engineering, Yamagata University

Abstract
We have successfully created an artificial jellyfish using gel, closely resembling the real appearance, intended for animal 

therapy. The jellyfish is made with a selected gel material possessing flexibility and transparency akin to the real one, and 

its shape is mimicked by closely resembling the authentic form. Its movement is controlled by unidirectional water flow 

and occurs cyclically. In this study, we explore whether plants can grow by utilizing this jellyfish as a floating cultivation

medium, and how altering the movement of the jellyfish by incorporating gel structures influences plant growth. We 

discuss the potential emergence of this gel jellyfish as a novel form of animal therapy integrating therapy and cultivation.

Conference on 4D and Functional Fabrication 2023

- 111 -

OP-21



Conference on 4D and Functional Fabrication 2023

- 112 -



2

Conference on 4D and Functional Fabrication 2023

- 113 -



1.  Saito, K., Ogawa, J., Watanabe, Y. M.D.Nahin Islam 
Shiblee, Furukawa H.,. “Mushroom cultivation and 
harvesting in media supported by 3D-printed anisotropic 
elastic structures. Artif Life Robotics ,2023.
2. Li Deng, Xi Li, Hao Luo, Er-Kang Fu, Jun Ma, 
Ling-Xia Sun, Zhuo Huang, Shi-Zhen Cai, Yin Jia,
“Empirical study of landscape types, landscape elements 
and landscape components of the urban park promoting 
physiological and psychological restoration” ,Urban 
Forestry & Urban Greening,Volume 48,2020,
3. Cracknell, D., White, M. P., Pahl, S., Nichols, W. J., & 
Depledge, M. H. “Marine Biota and Psychological Well-
Being: A Preliminary Examination of Dose–Response 
Effects in an Aquarium Setting”. Environment and 
Behavior, 48(10), 1242–1269. 2016.

Conference on 4D and Functional Fabrication 2023

- 114 -



 

 
 
 

2F1F 

現地会場案内 
(ブリヂストングローバル研修センター)

(ショーケース展示会場) 
(協賛団体展示会場) 

1A 会議室 

(メイン会場)

2B 会議室 2C 会議室 
男子化粧室 

女子化粧室 

受付 

男子化粧室

女子化粧室

広尾駅

外
苑
西
通
り

エントランス

(懇親会会場) 

ID カード



(一社)日本画像学会

4DFF2023⼤会実⾏委員会

実⾏委員⻑
湯浅 亮平 (慶應義塾大学)

副実⾏委員⻑
藤井 雅彦 (慶應義塾大学SFC研究所/inkcube.org)
木脇 幸洋 (株式会社ブリヂストン)

実⾏委員 (五十音順)
⻘木 まゆみ (慶應義塾大学)
市原 政喜 (市原国際特許事務所)
上田 雄一 (JSR株式会社)
大柏 宣栄 (武藤工業株式会社)
古賀 洋一郎 (株式会社3D Printing Corporation) 
高橋 茂樹 (山形大学)
竹内 達夫 (日本画像学会)
竹之内 崇 (三菱ケミカル)
常盤 拓司 (慶應義塾大学)
山岡 潤一 (慶應義塾大学)

予稿集発⾏日(予稿公開日)
2023年10月23日
(OP-13のみ10月30日公開)

4DFF2023公式サイト
https://sig4dff.org/conference/2023/

4DFF研究会




