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KiPneu: Designing a Constructive Pneumatic Platform for
Biomimicry Learning in STEAM Education

Guanyun Wang?, Chenda Zheng!, Yanbo Fu?, Kuangqi Zhu!, Fuyi Lai', Likang Zhang!, Mengyang
Li!, Xiaoyang Wu!, Muyi Ren?, Yanpei Zheng?, Boyi Lian!, Kexin Zhang!, Qi Wang?, Cheng Yao!,
Shijian Luo!, Fangtian Ying*, Lingyun Sun', Ye Tao>
1Zhejiang University, “Donghua University, 3 College of Science & Technology Ningbo University, “‘MACAU University

of Science and Technology, *Hangzhou City University
China

4 Bending :

Figure 1: Overview of the learning process in KiPneu: (a-b) Demonstrating the design library of primary deformation modules
and the functions of tangible valves; (c-d) Offering an instructional interface of the assembly results for user learning and
imitation; (e) Supporting creations based on the knowledge conveyed by the animal locomotion.

ABSTRACT

Biomimicry, a methodology adapted from nature, always inspires
optimum solutions and innovative technologies in human history.
To get children interested in, excited about, and inspired by biomimicry,
we introduce KiPneu, a robotic platform that facilitates biomimicry
education through hands-on, solution-oriented learning and a dig-
ital learning environment. KiPneu allows children to mimic flex-
ible animal locomotion, like fish swimming or worm squirming,
using low-cost building blocks and non-electrical pneumatic ac-
tuators. We provide five types of non-electrical tangible valves to
adjust robot motion characteristics, such as direction and speed,
through engaging tangible programming. Additionally, to facili-
tate the whole learning process, KiPneu comes with interactive
instructional interface that visualize and simulate the pneumatic
system. To validate KiPneu’s educational efficacy, we conducted
a three-day workshop with 21 children aged 5-12. Pre-and-post
surveys revealed KiPneu not only enhanced their understanding of
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animal locomotion mechanisms but also spurred interest in creative
construction using acquired knowledge.

CCS CONCEPTS

« Human-centered computing — Interactive systems and
tools; « Applied computing — Education.
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1 INTRODUCTION

Biomimicry, the study of the structure, characteristics, principles,
and behavior of biological systems, has long provided profound
insights into human technological and engineering endeavors[24].
Particularly, biomechanics, which studies the structure and func-
tion of a living body in mechanical methods, is considered one
of the largest specialty areas in biomimicry, inspiring innovative
concepts and working principles, such as designs from the stream-
lined forms of ships drawn from fish to the structural designs of
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reddot award

design concept

To: Zhejiang University
Zheng Chenda, Wang Zihao, Luo Xiaohan, Fu Yanbo, Li Jinyi, Zhang Liyi, Wu Feiyang, Qin Rui, He Tao,
Zou Ning, Wang Guanyun

Singapore, June 2023

Dear Chenda Zheng,

The Results
Red Dot Award: Design Concept 2023

The search for the best design concepts for the year has concluded. The adjudication is especially
difficult as compared to evaluating completed products. For design concepts, the jury spend
considerable effort to understand the idea behind the project, in addition to assessing the design
quality. Throughout the process, the jury was excited to see the high level of participation and
creativity.

It is with utmost pleasure that | congratulate and inform you that the jury has awarded the "Red
Dot" for the work, Eureka - a smart finder glove for blind (1S3336737)for high design quality.

The Awarding Ceremony will be held on 27 September 2023 in Singapore. After which, the winners'
exhibition at the Red Dot Design Museum in Singapore will be launched.

We greatly appreciate the trustyou have placed in us with your participation, to share with us
projects that may not yet be available to the public. It is my hope that with each work this seal of
design quality will be a source of pride in the talent and hard work behind producing an award
winning design concept.

| wish you a great success and look forward to meeting you at the awarding ceremony.

Yours sincerely,

4
i,

Ken Koo

President, Asia
Red Dot Design Award

ogin: 2861024029 @qq.com

Red Dot Singapore Pte Ltd

11 Marina Boulevard Tel: +65 65147194
#01-01/02 Email: award@red-dot.sg
Singapore 089140
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Certificate
Red Dot

The Red Dot is the award for high design quality. The international jury for the

Red Dot Award: Design Concept only awards this sought-after seal of quality to
design concepts that feature an outstanding design. In 2023, it is presented to:

Eureka - A Smart Finder

Glove For Blind

Institution:
Zhejiang University
China

Faculty Advisors:
Prof. Wang Guanyun, Prof. Zou Ning

Designers:

Fu Yanbo, He Tao, Li Jinyi, Luo Xiaohan,
Qin Rui, Wang Zihao, Wu Feiyang,
Zhang Liyi, Zheng Chenda

Singapore, 1 July 2023

9, 2]
S (a7 2 )
/ /./
Tapani Hyvénen Professor Dr. Ken Nah
Member of the Jury Member of the Jury
Finland South Korea

@1 -k

Kazuo Tanaka
Member of the Jury
Japan

Ken Koo C.K.
President, Asia
Singapore

Professor Dr. Peter Zec
Founder & CEQ of Red Dot
Germany



Eureka - A Smart Finder Glove For Blind Ifi B §§3%:
https://www.red-dot.org/zh/project/eureka-a-smart-finder-glove-for-blind-65874
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