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Abstract

Soft interactive textilessuch as electronic yarnave a wide range of applications and
feature inawide variety of productsThereforethe researchexxplorel electronic yarn
developmentand interactive play mat development througfo projects. The first
project focused on developing electronic yarn and fabrication processes based on a
project targetThe researcherompared the developed electronic yarn with commercial
electronic yarn, andhefound that the developed electronic yarn was superior in terms

of size, softness, and waterproofing. A cdiien of shoe uppers was also designed and
developed using our electronic yarn for the fashion industry. In the spoojedt,the
researchedeveloped an interactive play mat, focusing on physical development in
toddlers aged under 3 yeaf$ie researchezvaluated the developed interactive mats
through observatiorexperiments in kindergarten collaborative projects to connect
children's movements with their exploration, play, communication, and thinking. The
results demonstrate the value and practicality of the developed interactive mats.
Moreover,aninnovative design framework aridal experimental methods with user
feedback consideredthes er 6 s experi ence to atoddlereve bet't
The study's theoretical and practical results have reference significance for the textile

design industry and digm education.
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Chapter 1 Introduction

This chapter mainly introduces the research backgranddimitationsof this paper,
along withthe methodology, objectives, significance and values, and study outline.

Research background

For thousands of years, humans have used textiles, from ancient animal fur to
Renaissanceeriod cloth.Textiles have been transformed into environmental materials

i n the knowledge amdetrachnolinodgy xddge.eoArnivi |
with humans through the five senses (iaeditory, visual, smell touch andtastg,

stimulating interaction between users and the environment. Through new product
design creativity, interactive textiles ma
credive interaction with the material environment. Users can also become cocreators

of customized experiences corresponding to various emotions. Interactive intelligent

textile applications fundamentally change people’s relationships with produ¢tsvand

they use them. The integrated electronic functions migmact how products are

designed and materials are develoj@l Interactive design is a comprehensive

di scipline that relies on designersodo combi
experience of aesthetics judgment, and empathy for potential user groups to consider

the layout of product interaction systems atadfprm usg7].

1.1Research background

1.1.1 Need for suitable interactive textile devices for Toddlers



Research has shown thHatv beneficial electronic interactive practa are suitable for
toddlers aged up to 3 yed®. The characteristics of toddlers in this age range are
sensory motor exploration and precognitive developri@nAccording to data in this
study, out of 877 toddlers agee#3years in 18 kindergarteind Hong Kong 74.54%
reported using electronic entertainment devices. In other countries, such as United
States96.9% oftoddlers reported using electronic entertainment devices before 1 year
of age. In addition, 98% of toddles aged Jears in the United Kingdom reported
using electronic entertainment deviddy 11} Given todayo6s rapid
development, preventing toddlers from using electronic products is no longer possible.
Therefore, this study focused on developing interactive products suitable for this age.
The researchaximed to encourage toddlers to shift their foltam electronic screens

to a secure interactive environment integrated with textile and electronic technology,

stimulating their interest and engaging in spontaneous physical interactions.

1.1.2Definition of Interactive Textile Devices

"Interactive textiledevices' is a new, transformative research field includinggsbese
response, and adaptatiomo external conditions or stimuli manually or
programmatically. The termefers to structures, functions, mechanisms, and feature
technologies for sensing, communication, storage, drive, and energy acquisition using
a single fiber or textbased interactive device, as well as msidiale computational
engineering techniquedor designing and implementing smart fibproducts for

specific ormultifunctional application§l2].



1.2 Problem Statement

Experts have suggested that prolonged viewing of electronic screens can cause poor
posture and reduce exercise frequency, potentially causing health problems. Therefore,
experts advise against the use of computers by toddlers under 4 years[bB8]age
Moreover,few beneficial electronic interactive prozts are suitable for toddlers aged

O 3 years[8]. In particular, most interactive textile devices on the market still have
problems, such as being bulky, inconvenient, fragile, and confis#jg However,
research data are lacking on the use of sound or light emitted by products designed for
this age group. Also, few products incorporating soft textiles and electronic functions
have been developed for children aged under 3 years. Thus, thecmesaaand
production of such products represents a gap in the interactive textile market. Therefore,
the researchesidopted a userentered design and research method, prioritizing user
needs, integrating technology interactive functions, sensors anshdgightusic, and

other applications into textiles to develop an immersive interactive play system for
toddlers. The researchecollected suggestions through data from our comparison

experiments for future production.

1.3 Methodology

In this study, a userentered design processs used An interactive product that
benefits toddl ersd develewprksetimetusesenatesedt h e
design methodology research method was divided into four paitsaraunderstanding

of users, tasks and environments to identify user neguific requirementsand



product design solutions to be evaluated and refined in a&caa@ic mannerThen, we
solvad the whole user experience problemadj ust ed t he product
experience with the product, and created the final interactive textile environment

prototype for the user.

The literature research focused on recent interactive textile products for toddlers. The
technologies and application of the interaction method were further investigated.
Moreover, the fabrication methods that could be applied to develop the outer layer of

the interactive textiles were studied.

The practicebased research method was also adopted in this research. In this research,
based on design and practice, the method was divided into five stages: research,
analysis, prototype, evaluation, and details design. This research approach is widely

used in design and philosopfs].

1.4 Aim and Objectives

This project aimed to study the development and application of interactive textile
devices. The study started with electronic yarn development and then adopted related
knowledge to develop an interactive textile environment gegtiising, communication,

and other functionsia innovative design ideas for toddlefe specific objectives

were as follows

To apply both practical research argkecentric methodologs during

the research works.

det



To design and develop the soft, finest, strong strength, high flexibility,
and good washability optoelectronic yarn.

To evaluate the properties of the developed electronic yarn.

To design and fabricate prototypes with the finalized optoelectronic
yarn collection in shoe upper.
To investigate the technology and application of recent interaction
electrical components.
To adopta usercentered design method in the research process
prioritizing user needs, integrating technology interactive functions,
sensors and lighting, music, and other applications into textiles, and
developing the textidkbased immersive interactive play system for
toddlers.
To finalize the detailed design specification for prototypes after the

trial experiment with toddlers.

To explore the fabrication methods for interactive textiles and related
methods to create the related prototypes for all processes;

To finalize the detailed design specification for prototypes after the trial
experiment with toddlergndcollect suggestions through data from the

toddler comparison trial experiments for future work.



1.5 Significance and Values

Interactive textiles and technology are research directions of the future, when humans

will care less about the visuals of textile products and more about functionality.

A The method for designing the worldés fi.
its production process, positive evaluation results, and presentation as an
embroidered shoe upper prototype have been investigated.

A A beneficial interactive fabribased play mat for toddlers has been developed
and innovated with integrated interactive technology.

A The evaluation has shown positive user experience results through
comparative experiments in interactive play actions, satisfaction movements,
and duration time between design and commercial play mats.

A Research has developed an essential practical innovation design fragnework
combining practical research with a usentered design approach.

A The contribution of this research theory and practice to the innovative design
process of user experience for toddlers can benefit both industrial and

educational development.

1.6 Outline of thesis

Tle r estpapifesrttrhi st ur e@€@hapt éol owsovides a re
| iterature. Chapter 3 introduces the relate
Chapter 4 reviews the design concept and

Chapter 5 focuses onadthieveaewledy perevnitr @ meamt
Chapter 6 presents an evaluation of the pr

experiments with quesCthiagpnreai r7e sfuementhlra czke.s R
6



of t hiTshestawdye.ndi x i ncludes the circuit inf

guestionnaire sampl es.

Chapter 2 Literature Review



In this paperthe following areas are reviewed and summarized to identify the design
structure and considerations for the research areatefactive textiles and their

applications.

2.1 Introduction of Interactive Textiles

Interactive textiles have received great attention from the traditional textile industries
and researchers in related multidisciplinary research flé@ls With the expeditious
devel opment of technol ogy, peopl e are
protective and aesthetic functions and have instead become inclined toward the
productsdé addi t[l6) Haveverstmedigldtof iftetactiontdésgmhas
different definitions for interaction. Some interactive designs focus on a particular
interactive function of product design that improves human life through prddugts
Moreover, the Human Interaction Interest Group pointed out that hwmeaputer
interaction is the research desigmgsessmentand implementation of interactive
computing systems used by humans and disciplines relevant to this [¢&idy
Interactive design is also an experience that deals with nonmaterial processes,
emphasizing user needs and preferefit@s One of the most challenging aspects
interactive designs that the technologies that make up design materials change so
quickly, leaving natime for reflection or a more thoughtful approd20]. Thus, me

of the key questions in interaction desigrhdasv can user interaction with a system,

environment, or product be optimizedsimpportand expandhe user's activitiesThe



processhould focus on identifying user needs #mehdesignng a usable, functional

and enjoyable systef@0].

2.2Interactive textile design and application

The applications of interactive textiles are represented as structures or functions of
textile materials and equipment capable of sensing and responding to ambient or
external stimuli[21]. Currently, most interactive products are developed by scientific
and engineering researchéosusing on technical functions. However, the electronic
textile products created often lack aesthetic appeal due to technical researchers' limited
knowledge of textile materials and fabrics, which diminishes the aesthetic qualities of
these materials. Iitontrast, as evidenced by the literature review in this paper,
researchers with design backgrounds concentrate on integrating their understanding of
the structue and function of electronic textiles with traditional textileeractive textile
devices. For example, lightmitting diodes (LEDs) have been widely used in
interactive textile devices, including medical, beauty care, sensing, art performance
light, and communication devicd22]. Seeral researchers have applied LEDs to

flexible, lightweight electronic clothinf23].

Smar't shirt

Thimarsshi rt shown in Figure 2.1 is a repres
1990. It i's used for military purposes to

combination of technology and design that



mat eri acbeangohgumaterials, and el ectronic

Figure 2.1 Smart shirt

TheS€Eatic Shadows textile

This project was desCaganpar dtye DWi2t4dZlam&r tBreg rz
interactive waermdi asgacaswiat haai oompl ex el ect
possible to read the statitcsel ekberacsogi 6 uUEt
that reacts with the presence of electric
shadows represented by mi croel ectronics a
i ntegrates ytahemtoondwectifiabe i c structure. The
l oom technic to construct the fabric piece,
However, alftiepl & hwowen structures, this pr
experienced workers to operate the positio

component needsoltdoerbeed manual |y
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Figure 2.2 EStatic Shadows textile

Haute Tech LED-coat

Wendy Legro is a Dutch designer who designed a coat that, when people walk around,
the pleats detail reveals the LED light on and off by actions. The light elements in
design help to steady the fashion look. Her design combines LED lighashidn

elements, which achieves advanced technology looks in fashioff2sgnd

Figure 2.3 Haute Tech LEDoat

Artist Kasia Molgadés AHuman Sensoro projec!

The suit changes colors and patterns depen

11



guality around them, as shown in Figure 2./
Mol ga applies her | atest pr ajeeccht ,gaHumant Seh
changes colour to reflect the |lkryear oifstasr
and scientists, explores t.helmMees mrfojcdctmau s
model to walk through the city wearing thi

model's breath will change col eaond®diwill a2

Figure24Kasi a Mol gads AHuman Sensor o project

Magical illumination of carpet

Thisillumination carpet was developed by Dutch designer, Dortith Sjardijn. She used
the tufting method with electroluminescence wires into the Persian rug and cracks of

the light along the woven patt¢27].

12



Figure 2.5 illumination carpet

Colour-changing moonlight cushion

Colourchanging moonlight padias designed by a UK online store called Finea
gift. The interaction method uses the wuser ¢
up the designed surface. The pattern and colour of the light create a relaxed atmosphere

in the roonf27].

Figure 2.6 Colouchanging moonlight cushion

LED cell carpet

Yvonne Laurysen and Erik Mantel designed the LED cell carpet; they combined felt

and LEDs to create a flexible carpet design. This unique design can, in the form of felt

13



strings, be beneficial for making rugs of any size. The parts can be replaced and fixed

individually if any damage happered].

Figure 2.7 LED cell carpet

Tink book

This is an electronic interactive book as a tablet, not a textile, but the storybook creates
the game mood for children, such as the Figure 2.8 below: Contextually defined story
options.The toddler applies touch to one of the images, which appears with the menu,
and by touching the text below as the optiGantinue to press the option to appear in
different weather. Those options are selected by hand and able to change sounds or
image$28]. This idea could be adopted to develop textile interactive devices further.
This device is suitable for toddlers ageS.ZI'he function is not easy for toddlers aged

0-3 to use alone and is unsuitable for their physical development for toddlers3age O
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nother sunny day,” “Another rainy day,”
said Sophie. said Sophie.

nother sunny day,”
said sophie.

Figure 2.8 Screefunction diagram

Bedtime story blanket

It is a bedtime story blanket with stories storytelling function. After scanning the QR
code embroidery patterns on the bed through electronic products, the story is
broadcasted through electronic products. However, this QR code is fixed, and the bed
shees do not have electronic functions. The story is still broadcasted through the
functions of electronic products and software. This project is a theoretical design that
expresses the connection between textile patterns and electronic products in the
technobgical era. Moreover, this operation method is unsuitable for children under 3

years old and still requires assistance from otf2&k

Figure 2.9 QR code logo of Bedtime story blanket
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Interactive Soft toy book for infants and toddlers

This is a relatively new and complete interactive textile toy suitable for our target
audience of toddlers-8 years old. This product has been tested to be safe and exciting
and is a soft book that emits light and sound. Through this product proje@nwefer

to their integration methods, enrich interactive content, and increase interactive
technology functions and aesthetics. Researchers have found that this product does not

support the development of children's significant moven{@hts

Figure 2.10 Interacting play activities

Fabric-based interactive surface

The fabricbased interactive surface is flexible for assisting nursey teaching to support
early development in toddler classrooms. The article recordsvaek participatory
recording experiment conducted by a kindergarten teacher accompanied by this product
with young children, to support early cognitive, social, and emotional development in
children aged 5. The experimental results show that the effect of this product is not
very obvious, and more challenging activities are still needed to promote the

development of sensation and moverfgoit
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Figure 2.11 Interaction play activities in nursey

2.3 Electronic Components for interactionand fabrication method

2.31Light emitting diode (LED)

Ligehmi tdi oodeal so known as LEDs-st atre Isiegm tc o

emi tdewm[gB8.2¢l't i s monochromatic | ight, which
when electric current passes, it emits vVvisi
chip, el ectrodel, t angde so psgadlciad semitceamduct or
material. When positive voltages are appli

compound and causé¢. phlhotapss twoawkimeht g utc gihno t
particihmazeonard small, so al most many devi
I n addffion,)ighas, televisions, remote col
Al though they are tiny bulbs, they are diff
no filament course burns out. They do not

revaty | onger. LED (light emitting diode)

types and can be used individually or c¢comb

can be simple flicker or col or change, or
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umi nati on. Speci al packages c-apeedke LE

dome,

communication | inks. General ly, t he s

fl at ot op tBnecrasprsiualnagtlieon can be transpa

Epoxy lens/case
Wire bond
Reflective cavity

Semiconductor die

Anvil

Post } Leadframe

Flat spot

Anode
(long)

Figure 2.12 Conventional LED

Colour and wavelength
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are di kfamde rcoofl oly BEcso,Idolse zED | i ght al n
s the solar specdlrarmes uCurraentoll yetwi aeldy
, and i ncforlrarle @ d & i e a vEeal céhioegxt ahmipl luee,
and purple |iged caghy thermesttbkbacet
of human visible light is 380nm~780n
es wi t h wavelengtmFiignur @i uadl7i.zaTltheni
ength i s mor eThsei grnei df iwaavnet!| etnhgathhe 7i0s0 n6nR C
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ength I S 555 ~ 585 nm; The Dblue wayv

engdh0im,e 38U wavel eng{B.2less than 3501
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Figure 2.13 Visible spectrum light wave

2.3.2Fabrication method of interactive textile

This research direction mainly focuses on experiments with several fabrication

techniques by embedding electronic photonic yarn into the textile, improving the

comfort and flexibility of wearable smart textiles. The synthesis and integration method

of weaable intelligent electronic textiles is studied in this chapternaaithly focuses

on weaving, knitting and embroidery. The method of integrated textile structure will be

considered first through experimental prototypes in Chapter 3, and then the most

suitable textile method will be determined.
Weaving method

The wovertextile is made from two sets of yarithe weavdengthwisewarp yarn and
widthwise weft yarn. In this operation, size and mechanical properties are the key to
the combination. The electronic yarn can be integrated into any woven structure by

design and consideration. The arrangement direction is mainly vertigatadlel. This
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method has high position accuracy and low bending loss. In this case, electronic yarns
such as POF or LED wires will have some limitations in bending angle. This limitation
leads to the design need to consider the reflection and transmission functien in th
product application requirements. The report points out that different loom patterns
impact the performance of intelligent textiles through different design rules. Compared
with plain, twill, and cotton satin, cotton satin can better reflect theesiuiting
characteristics of optical fiber. If the wearable electronic yarn is based on commercial
optical fiber, its di ameter range <can
strength and resistance of the faf88]. Figure 2.14 is the design of the woven
structure as if transferring this thinking by replacing the LED electronic yarn with the
same structure. These structures are based on the experimental results cbpétated
fiber textile woven literature, and the literature using LED electronic yarn is relatively
less, so various similar structures and layer configurations can be worth using LED
electronic yarn to try experiments processes and samples. If it is appliesl tseth
against of human skin, the relexeaelectronic yarn can be embedded into the fabric

layer.

0 sl e Bl ===

O o e

(N N HN B ——————

B B [ e | e
a b c

Figure 2.14 LED in woven structures: (a) plain structure (b) twill structure (c) sateen structures; (LED in blue).
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Knitting method

Knitting is also a method widely used to integataartextiles. Weft knitting is usually

used in optical fiber smart textiles to achieve an advantage in reflecting the elongation.
The knitting direction is horizontal from left to right. The knitting structure will lead to
more optical fiber bending in texilstructures. Therefore, if the design is applied to the
human body, it is necessary to test the bending, fracture tensile rate and toughness in
the process of experiment and sample. It is assumed tha softer LED electronic

yarn is used to weave into the knitted structure, various optical fiber inlaying methods
that have been pointed out in the relevant literature can be tried, for example, in addition
to Jersey hopsack structure and the inigyaiirection can also be changed to warp
yarn33]. Relevant experiments will try and measure the mechanical properties in

Chapter 3.

Figure 2.15 Fiber optics laid in weft pattern: (a) siFglger knitted hopsack structure; (b) (c) Other filling structures;

(d) warp and weft structures. Fiber marked yellow

Embordering method
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Embroidery technology has evolved from manual to machine embroideiglywsed

in monitoring, therapy and other electronic textilg&3]. The advantage of this
technology is that electronic equipment can be fixed on various textile surfaces. The
limitation is that electronic devices are usually exposed to the surface. The imaginary

design pattern uses LED electronic yarn to embroidereautface of various textiles.

Tufting method

Tufting is a textile technique that continuously inserts yarn into a fabric base, creating
loops or cutting tassels without knofhis requires a tufting gun to operate it in and
out to make knots on the fabric canvasis technic is flexible with the shape and

pattern, usually applied to large sizes of carpet mai&ap

Figure 2.16 Tufting technic

2.4Early development
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2.4.1Theactive period of brain development in toddlers

Research has shown that the most <critical
is before 6 years of age. Heckman propose

children is more effective for [tlHei r futur

/ Programs targeted towards the earliest years

Preschool programs

Schooling

Job training

/

Rate of return to investment in human capital

Figure 2.17 Effective child development stratedigs

Moreover, research on children's ecological development has highlighted the
i mportance of childrends environment, car et
first 3 years of life, which can impact their physical and mental gr{®®h Professor

of Brain Science Psychology emphasized the importance of early childhood education

and pointed out that cultivating the habit of autonomy learning in toddlers before the

age of 3 years lays the foundation for their future character. In neyythagdefinition

of intelligence depends on the density of neural connections, determined by genes. The

density of another type of neural connection is determined by acquired experience.

Although children cannot change their genes, parents can interveady childhood
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devel opment , and games are the best way t
Xiao Dan XiaoDaf86,37] | n addition, childrendés | angu:
proved through case studies that the crit
occurs in the first year of life. Moreover, the growth of syntactic acquisition in

chil dr ends muongik X B6 ntomths gf age. Children can quickly acquire

various syntactic elements. However, the window of opportunity for vocabulary

devel opment in chil dr d2). 6igureR.184dllusirates humanl 8 mo nt

braingrowthactivity in development in different age groUgs.

Time courses for
synaptogenesis

w— Higher cognitive functions
(prefrontal cortex)

Receptive language area / speech production
(angular gyrus Broca's area)

------ Seeing / hearing
(visual cortex / auditory cortex)

Experience-dependent synapse formation

1esis in the IS

)

Adult levels of synapses

©|
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Birth
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Death
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Figure 2.18 The development of the human fjgain

2.4.2 The importance of play in early childhood development

The age iBawgaref ©6alled early age developm
period for childfidadnd®8lerowvienr ,davdlfepmant st a
devel oepxmme8mMt)j Tabl e 2.1 summari zes preschool

pl ay practice needs in each stage.
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Taste hand and anything might be interesting

Oral hypersensitivity pel‘lud

Hand sensitivity period
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suggested

Keep hands clean, gummy teeth, comfort pads, and
spend more time with them

Exercise fine movements and provide gripping and
pinching of objects of different sizes and materials

Encourage children to exert their instincts and
engage in emotional exercise when safe

A period of cultivating focus

Ensure safety without obstruction, play with
building blocks, climb high and drill holes

Speak more, tell stories, read picture books, and
guide the baby to speak without interruption

Set a good example and encourage in a timely
manner

Perception of instrument sound, selective selection
of high-quality music

Colorful paintbrush, free to paint
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The Importance of Play in Early Childhood Development

 startatyoung

i = children/ learn

age/lot’s of notice other e ey each other/ won’t
movement/ no children / busy tfmghﬂv:::c interact/ learn the use moral
clear purpose grabbing different 10 /“ S idea of property reasoning
objects PHyAVCRIE ot rights/ “mine”

play games/

feelings/paints,

(e Meew TS RSN e
tums/accept objects/discover ot i rules
winning or losing patterns
Table 2.2 The i mportant play of early child
2.4.3 The critical physical activities dur
Early childhood devel opment usually refer
devel opmenB8B pebweemwmfOage. Pl ay is regardec
early devel opment Pl aying games stimul at es
nervewktie¢hscontri butes to developing fine
skills refer to activities done with the f
mot or skills include wal king, jumpi ng, ro
performi mg smowémg al so help children devel

teaches them to

2.4.4 Factsinteractive electronic devices used by toddlers

Al t hough we know the i

|l ifestyle of most parents
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nteractive electronic Puodhet,s fsawtabil eal

ces are available for toddlers aged un

young children are exposed to electronic

ets, afd ac ormapnudtoenn ss.ampl e of 877 Chinese

Jis5yedmrsom 18 ki nderrgpaartteends ,us/idn g 4such devi ce

(96. 9%) toddlers reported wusingf digita

toddlers in the UK ra&ipoddwwildc euss4ynegh tddi pgi 3 a |

Therefore, the researchers createdi3a quest
years use digital devices. The most common

A Parents want to try to keep toddlers busy and quiet;

A Parents can concentrate on work while children use digital devices;

A Parents believe that using education apps is helpful;

A Parents are confident in knowing how much screen tirappsopriate;

A Parents react positively to toddlers using digital devices;

A Parents use tablets or smartphones to entertain children.

here any harm to toddlersd use of digi:

A Experts do not recommend that children aged under 3 years use
computers, tablets, or smartphones, except for video[8all®)] ;

A A poor posture and lack of frequent exercise affect physical development

[9] ;
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A Information is inculcated in the child's brain passively, but the brain
should be engaged in an active process ofdistiovery, thinking, and
learning[9] ;

A Researchers reported from a letegm trial project that the greater the
use of electronic products from infancy to 12 months of age, the poorer

the development of executive function by 9 years of[hQf

2.4.5 Competitors: Il nteractive devices

and 3 years

While some interactive children's togse on the market, few products with soft fabrics
and functional labels are suitable for toddlers agey@ars. As mentioned in Chapter
2.2,a few suitabléoys are Tink Book, Bedtime Story Blanket, and The Interactive Soft
Book. These products have relatively simple interactive functions, buimmerstctive
methods focus on deloping cognitive abilities and fine finger movements for those
aged over 3 years. Soft fabric interactive toy products do not focus on developing

cognitive and physical movemisj9].

2.5Introduction of Trial Experiment

2.5.1 Experiment and Practical Work

Case study 1: The loAgrm observation experiment comprised-aeérk exploratory

or

research experiment using fABendabl eSound, 0o

as a qualitative test of daily activities in an early education classroom. This hedéthc
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22 young children and five teachers by observing and recording the impact of products

on supporting early childhood developm{s1].

Case study 2The researchgperformed a comparative experiment using the virtual
electronic desktop games and physical paper desktop games mentioned in the relevant
literature. The participants were the same young children who participated in the case
study 1, and they were obsentmefore and after playing. By answering questions, they

could determine which game was more popular and achieve the designerfd3joals

2.5.2 Questionnaire and~eedback

The research trial experiments for the se
toddl ers, 0 adopted the method of case stud)
interactive playmats and commercial play mats available. All of the participants

provided their informed consent before experimental participation.

The same rule existed for both the developed interactive and commercial play mats.
There were two children in a group, one male and one female, and a total of three groups
The duration of play was 30 min per group (could be added or subtracted appropriately)
Four adult hosts were present, and an adult accompanied each child to observe and play
one on one, taking photos and recording while ensuring the safety of the children.
During this period, one primary host maintained order, while another monitaed th
technical aspects of video recording and the regular operation of related electrical

appliances. The video recorder could be positioned around the room in advance. None

29



of the children had seen the interactive environment to be tested or contributed to
developing these technologies. This game test mainly observed the reaction (face and
body actions) and playing time of the children during spontaneous play on interactive
sports carpets. All of the data were collected by questionnaire and used for evaluation.
The related questionnaire form used for the trial in Chapter 6 is givappendix |

Questionnaire Samples 6.1.

2.6 Basicsafetyregulationsof chi |l drends product s

Safety standaiddramppsytows and product s.

checked the updated safety standards for t
Affairs Committee of the [L£4]Rdladv asret Cooaumtc
mentioned that the Hong Kong market is not
business costs and promote trade, specific
standards of children's toysHoaamd Kmmad uhcatss
adopted internationally accepted safety st.
(a) The I nteReagtuillan aolr yTEhyafRdalyf St andards (I
(bE)Jur opean Standard 71 (EN71);

(c) ASTM standard F963.

Overtahtebksearcher | earned the necessity of seé
especially for those aged up to 3 years. F
necessary first to consider whether the su

and whether the practical circuit current m
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t hat the wool used for making the carpet

standards and was purchased by relevant qu.

rangé3 ofedr s and the devel opment al stage

the resleaocédesured that the product does

components or obvious strucibealtecdbtBiocbelti

avoided all circuit power supply carrents
Therefore, in this project, the researcher
the above reference, the children'"s play

iI's safe and can be used for futuee pl ay

considering the commercial external product

the side opening of the carpet contacting

tools to open. The instructionswherthgui de

childr éh yagaerds Omust be accompanied and moni

Fi nalhley, rewebt cltemduct product safety test

i nstitutions before commerci al producti on.

2.7 Summary of research gaps

With the expeditious development of technology, interactive textiles have made life
much more convenient. First, the literature review summarizes the research on
interactivetextile designs and their applications. Second, the target user group is
presented (toddlers agetd®years). Third, competing products for the target user group

are identified. Fourth, we present research on recommended trial methods during the
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research process to evaluate the product. tastesearchgiresentghe information

on basic regulations for child product development. The literature review also discusses
electronic components for interactiand fabrication methods of interactive textiles.

Currently, interactive textiles with embedded electronic components such as LEDs,
sensors, batteries still lack the necessary characteristics, such as flexibility,
practicability, convenience, functionality, dmompatibility, and aesthetics. The

researcher explored the potential of interactive electronic components uses in

Il nteractive textiles for the target wuser g
interactive toyln some cases, the textile structurasnot fully appliedfor integration

with electronic elements ithe textile structure.Therefore, the gaps identified for

research through this project were as follows:

. Few researchers have designed interactive textile proshittisboth
artistic and functional uses. With the expeditious development of society
and technology, two requirements have emerged for functional textiles
or clothing: practicality and aesthetics. @&k of the combination of the
two aspecti the final designwarrantscloser consideratign

Textile designframeworksare limited and do not clearlyoverall the
activities that take place duringxtile design Despite overlaps and
similarities in all areas of the design industry, a clear and rational
explanations lackingfor what happens at every stage of textile design

The innovation of this design and research methodology is the design

and development of an interactive textile product for toddlers that
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Thi

S

involves toddlers in the trial stage to achieve the best final product for
the target user group, as well as recording of the whole design process;
Electronic yarn in the market at the moment is usually poor in terms of
tensile strength, resistance fatigue, thermal performance, and low
washing ability. Thus, a comfortable, functional textile product that uses
softer electronic yarn is worth researching and developing;

Few interactive toys are available for toddlers age8l years to learn
through play. Most interactive toys available in the market are designed
for children aged at least 3 years. According to the literature review in
Section 2.4, play is critical in egrtlevelopment, an important stage for
toddlers to learn through play. Therefore, it is necessary to research and
develop an appropriate toy with suitable interactive functions for
toddlers;

Evaluation with a questionnaire and feedback method in a trial
experiment reflected the necessary adjustments for the finalization of the

development process.

stuaddde pp ek @oivl edagnedoimpr dbengnve profe

knowl edge by both an electronic yarn proje:

project can contribute to the abovement:i

or

research hpr ojeescata,r cleedr out rel evant researc

production of an ihherfholtliowi ng@gxthapt er owiu

met hodoleoggeaft chh
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Chapter 3 Research of methodol ogy
This cdheasptlres the research methods for
Il nteractive textile devices.

3.1 I ntroduction

Practical research methods are used in the process of electronic yarn develbbpment
this research direction based on design and practice, the method is divided into five
stages: research stage, analysis stage, design of initial prototype, evaluation stage, and
details design finalized. This practical research method is widely us#esign and

philosophy15].

On the other hand, the usanter design methodology was adopted in developing
interactive textile devicesUsercentric design methodology research method was
divided into four parts, clearly understand user, task and environment, determine user
needs; specific requirements; product design solution:aeseered evaluation drive

and refinementandsolve the whole user experience prohl&imnally, the prototype of

i nteractive textile devices adjusted the

andcreated the final interactive textile environment prototype for the user.

3.BRackground -nds e@d arca s earlych met hodol og

There was almost no theoretical support for practical research in art and design until
the 1974 National Council for Academic Awards changed its regulations to allow

graduate students to showcase their works and written papers in art and Tesign.
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earliest Polytechnic University was established in London, England in k88068,

the concept of a practideased methodology to research was used in the massive
expansion of such institutions, with the goal of adding a service line to mainstream
higher educationThe professor at this school emphasizecthieal value of practice.

A written paper can have other forms of materials as supplements in addition to writing.
Students can submit artifacts and their records together in their doctoral Tinésis.
means thatnowledge can be improved in specific disciplindsough practical
perspectives. Research topics can also be developed through practice. The review will
be based on the practical results and the process of thinking and argd&jeits
addition, Schon proposed relevant evaluation processes and requirements, including
insights into practical innovation and the value of early performance for other
practitionersClear evidence of professional development and innovation can be found
in practical documentation and requiredetailed description of a high level of
professional creativity, sensitivity and responsibiligyiqd a clear articulation of the

relationship between research roles and practitiph@ls

3.2.1 Practicebased research methodology

Research around the nature of practice is called "prautised researchWhich is
undertaken by artists, designers, curators, writers, musiciaashers, and other
practitioners Researcibased learning is not necessarily a doctoral research project, it
has generated new concepts and methods for generating original knqééédge

Quiality requirements for practideased documents: (Ajtegrating innovative insights
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into practicg(b) Contribute to th@performance of other practitioners; (tprovides a
clear basis for professional development and innovation and details the high
professional creativity, sensitivity and sense of responsibility in practical documents.
and (d) Clarifying the link between research roles and practitioméeq46]. Mainly
focusing on the new knowledge generated by the practice itself. Fully describe the

research process textualfgcusingon promoting knowledge practice.

This research studyds stage is through a
The analysis stage by applying into consideration the user needs in the market. The
design of the initial prototype stage is the process of the preliminary expesiaraht
proofing of the designed products. Details design finalized by observation is usually
aimed at the results and evaluation of product experiments. Reflection is to further
modify the prototype through the experimental results of the product. Theingann
phase reviews and considers design and research errors. Therefore, design
consideration achieves the research gaps. In the final stage, the technical difficulties in
the experiment will be classified and solved. The product design can adjust and break
through the technical difficulties through the experimental results. Design through the
reflection stage to modify the analysis of the prototypes that achieve the final

improvement.

3.2.2 Action research methodology

Many unknown problems have been found by
recent stage of research direction. The
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solve the related probl em. This research

repeated until the problem is solved and t|

/1. Problem Formulation \

- Lack of adequate support for the
social aspect of content curation;

- Lack of adequate support to
ensure the coherence and
consistency of narratives;

- Lack of support for complex and
long running news histories;

~

N\
/3. Reflection and learning |

- Assessing the extent to
which the design met the
desired goals

- Data collected is analyzed to
inform the design of the next

\cycle P /J

/2. Building, Intervention and Evaluation \\

- Prototypes are designed and built with the
participation of researchers and experts
through focus groups

- Students and researchers participate in
design decisions and evaluating the
prototypes

- Prototypes evolve with ideas and
suggestions of the participating members /

/

( 4. Formalization of Learning \

| » Synthesis of the design rationale throughout
the various stages of a design cycle
| - Definition of design recommendations for

\building similar platforms .

Figure 3.1 Action research diagram

I n the field of design, I|literature researc
action research methodology in Figure 3.1,
problems and solving probl ems, then inven
learni ng, and finally systematically preser
formMullsa] This method is a cyclical behavi or

including the periodic behaviors that wil!/

before the initial[lddlgrsi ghe concepal i pr dduant
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process, using this behavior of action res:
and solves the related difficulties direct
research can enhance theomsacbiudierager €'mo evx
a fixed period, obtain valuable knowledge
finally achi eve [t488o rreeoavedarrashe aorbc heecrtsi vdeisa g n o
solve problems in action research. The pri
or organization members to develop this so
constantly changing, andeasectaircrhereas aardc r ew
al so changing [5]. |t can also be said t

her meneuti csPosintdi wirdtti &c¢ tsimon and cl assica

same meaning. Thi o prreesteeadr cals mae tstobacd ail s eixmptea
of monitoring hypotheses in actual soci ety.
as contemporary action research, which rege:e
and simultaneousdgalpaagrmrsd adrtgearnii 2ant itoon all f a
action is a wunique research method, using
business process. The above three kinds o
foll owing charactemi st ikda ndofofaatpipdn crag s ear
specific practice, conduct action, evaluat|
dat a, and finally, better i mprove 4+ he prac

faceted cooperatigogoakto achieve a common

3.3 Design methodol ogy
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The design methodology is a necessary step in this project. This chaptgaiwdh
understanding of the appropriate design framework through the design process in
various design fieldesigners use their knowledge to find the best solutrodssign.
However, thechoiceto usethis selected ideean be made by each design specification,
depending on the license level, standards, processes, and levels used to filter the options
to be implemented, and the typical best / ideal choice. The solution aiaézti The

design process is a process between the problem and the desired outcome. During this
process, the content of the process changes according to the design principles, designers,
and problems to be solved. Although the whole problem starts tigm geecess, when

the problem is solved, the problem is redefined. During this iteration, problems are
simultaneously replicated from different perspectives into potential development

solutions;as to resultthe design process is constantly changing

3.3.1 Usercenter design methodology

This study will be divided into four parts: usegntered design methodology research
method, clearly understand users, tasks and environment to determine user needs;
specific requirements; useenteredevaluationdriven and refined product design
solutions to solve the whole user experience probkajust the product details from

the userd6s use experience and create the

for the user.
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Technology

Funclienality. Enginaering.
Feasability. Realisic. Complex.
Parformance

User

Reliability.

Expe rience Valldity.

Figure 3.2. usecenter design methodology

3.3.2 Rachel Studdés design frameworKk

I n Rachel Studdds resear ch dsgartiofghe textie a me wo r k
designwork, the researchediscussed and confirmed the details. For example, the
design work begins with confusion and uncertaintut over time, this can be

channeled and clarified.
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Phase review meeting

p,mmg Design project planaing Deinverables
*Aims, objectives and outcomes of
Sourcing designer [roject defined

Bnefplmmng Phase review meeting

Research and [*Briefing document written

- Ideas generation [*Ideas generation meeting munuted
i [*Inspiration boards developed

(C ComfimutionofGrection  )—3  Perevneang |

Synthesis b

*Concept agreed

*Design work generated within
jconstramts of bnefing document

g
‘Colour decisions made

Colourway development

( Collection development )_)[ Phase review meeting

Selection | Deliverables
*Visual examples developed
*Portfolio presentation
*Selection of design range by client
*Sampling of texture and colour
Final selection
Purchasing of design/s Phase review meeting ]
Production sampling |Deliverables
@ 8 *Clients check final fabrics
Season evaluation Phase review meeting ]

Figure 3.3 Design framewdi®

3.3.3 Baser DesigProcessModel

Baser has established a design method to manufacture woven fabrics using heavy
industrial engineering methods in actual production lines. Mathod simplifies the
complex weaving structure and incorporates the weaveyadnild size criteria into the

computeraided woven fabric design software.

Thesemethods include 1. Analysis method: A comprehensive analysis of the fabric
sample makes the sample retain the copy or the backup data of the modified version. 2.

Process method: The weight of simple fabrics can be recorded, including tables,
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formulas, and other helpful information or standard construction data. Later, it is
convenient for designers to delete similar fabrics when designing again. 3. Aesthetic

method: It is to design the appearance of fabric through conyRiter

3.3.4 Conceptual desigmprocess

Many welkknown fashion designers try to bring design elements in different fields,
such as integratingrchitecture, industry, product design, etc. to enrich their knowledge

in various fields.They use a variety of media amebrks to express themselves and
expand their methods. These stylish conceptual designers insist on a holistic approach
to their collections, including playing a key role in initiating and monitoring design
concepts, developing innovative fabrics and their designd sculptures, and
communicating through lively presentations. The survey, based on the design
framework shown in Figure 3.4vas conducted by research students who identified
similarities between "solutions" and "design" in the design process. 90% percent of
respondents said they were involvedhe abovementioned integrated design process
stage in the design process, which is indispensable for concept dedigmeidition,

the close percentage of "solution" (100%) and "solution by design" (94%) denotes an
inseparable relationship. It also means you can't design until the designer has a solution
to the problem. However, thgroportion of "designs” is relatively low (10 per cent),
suggesting that designers do not produce designs without a suggested.sitetideata

shows that the need for the solution of the reference designer or company is the thinking

process of the conceptual fashion designer. In the designer's thinking process, "negative

4 2



evaluation” is as essential as "needs," "inspirations” and "solutions.” "Evaluation” is a
decision on whether the proposed solution is passed. It also links solutions to

“requirements.” The correlation between "needs," "inspirations,” "solutions" and
"negdive evaluations" is shownNegative or positive results of evaluation are
conclusionsabout the strengths or weaknesses of the solution and the strengths and

weaknesses expected by the desiginetuding constraints that the designer considers

to be taskprogress or sel€halleng@].

-
Design via
Solution

Figure 3.4Conceptual design process for postgraduate sti4dent

34Col or psychology in design methodol ogy

I n the field of design, CoTbe meybbdsoglh p!
col or s, predicting future color trends, an
col or psychology areTlasmmaexpkdr athiemmst s C:
psychophysiology, physiological mechani sm,
studies inspire the application of art i n

practicality of color theory -maagdde drdenoit gn
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dired¢tiogdns

Anxiety. Arousing. Daring. Dominant. Energy.
Excitement. Health, Life. Love. Passion. Power.
Protection. Spirited. Stimulating. Strength, Up-To-Date

Abundance. Arousing. Comfort, Daring. Excitement.
Extraversion. Fun, Happiness. Lively. Security.
Sensuality. Spirited. Warmth

Arousing. CheerfuL Conﬁdence Creahvlty Excl(ement
Extraversion, Friendli .
Self-Esteem. Sincerity. Smlley Spirited

Calm, Comfort. Equilibrium. Harmony. Health. Hope.
Nature, Outdoorsy. Peace. Prosperity. Relaxation.
Security. Serenity, Soothing. Tender

Calm. Comfort. Competence. Coolness. Dignified Duty.
Efficiency. Intelligence. Logic. Peace. Reflection.
Relaxation. Reliability. Security. Serenity. Soothing.
Successful. Tender. Tranquility. Trust

Authenticity. Charming. Dignified. Exclusive. Luxury.
Quality. Regal. Sensuality. Sophistication, Spiritual.
Stately. Upper Class

Charming. Cheerful. Feminine, Gentle, Nurturing.
Sincerity. Soft. Sophistication, Tranquility. Warmth

Nature, Outdoorsy. Reliability. Ruggedness. Security.
Support. Tough

Dignified. Efficiency. Elegance, Emotional Safety.
Glamour. Power. Richness. Ruggedness. Security.
Sophisticati Stately. Sub: Tough. Upper Class

Calm Clarity. Cleanness Down-io Earth, Happiness,
White H Honest, | Peace. Purity.
y. Sincerity, Soothi g. Tender

Figure 3.5 Meaning and association of colors

3.4.1 Warm Colors and Cold Colors

Happiness and breath (wavelength) are direc¢

l ong wave, while transport correlation ref
because ther mal infrared radiationt.is assa
Under the action of light, many objects en

rising red sun, etc.) and prOndudcte aomitahary

|l ot of things that halvewrathbad gdeod & t h col d c a:

4 4



Warm and Cold Contrast

Hot and cold. Because human life experience and physiological function are closely
related to the color of the world, the heat and cold of skin is a reflection of the outside
world. Human vision morphed into the feeling of the pilot's skirey feel warm when

they see red, yellow and brown; they feel warm when they see blue, green, blue and
purple, they feel cold. White, grey and black may exhibit +wearm or cold
characteristics. Magenta and green are fringe colors, depending on the surrounding
color, incontrast to the surrounding color. Warm tones are vivid, lively and forward
looking. So, to showcase popular designs, consider using thermal insulation. But keep
your eyes warm. It's cool to relax. It gives a sense of serenity. There would be too much

excitement. It'Sfine to beback.

3.4.2 The Kolenda Color Model

Figure 3.6 Color model of Color of Color illustrates the psychological role of.color

This model explains how the researcher evaluates a color ihithking directiorn5].

This diagram shows the perceived color by Hue, value, and chroma. This perceived
color involves cool color and warm color, these two types of colors then combine
attribute color with evaluate color after ending up with a selection of negative
evaluation omositive evaluation. Therefore, the color choice matters for the purpose,

especially for the choice of a designer.
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KOLENDA COLOR MODEL

) ) )

PERCEIVE
COLOR

BIOLOGY

AROUSAL
REACTION

ASSOCIATIVE
LEARNING

ECOLOGICAL
VALENCE

ATTRIBUTE
MEANING

AESTHETIC
APPROPRIATE

EVALUATE
COLOR

NEGATIVE
EVALUATION

POSITIVE
EVALUATION

Figure 3.6 Kolenda Color Modeél

3.4.3 The Munsell System

There are three component $§5S5iHhecobotsasHues

name for all/l col or s. The juxtaposition of
excell ent phase, i's called color contrast,
col or contrast, and simil aragdtel ocrond o mtsrt a s

compl ementldr yt heesleortsvo col ors are orange an
backgr outnide nc otl loe ,ocbroa,magpeth b ety ®iml avw.d Due t o

appearance of red, yellow, and red colors
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i s added to str,enga hieth IldaodkK s rmreoarte pyagltilsow t h

Purple Blue Green VYellow Orange Red

Figure 3.7Hue contragb]

Value is the level of brightness; the low value appears in visual are darker which called

Ashadesd and the high value appears in visi

Low Valye e=—=—=————————P High Value

Figure 3.8 Value contrd§f

Chroma is the lever of saturation in colour. The higher in chroma more vivid it looks.
If the chroma of colour is low, then it will appear as it has been washed outaiiet, v

and color are often more important than hue, which is a good thing for marketers
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Low Chroma e=——————————9p High Chroma

Figure 3.9 Chroma contrdst
Why does colour influence us?

Visual senses affect a person's adrenaline, blood pressure, and heart rate through color.
These physical states will make you more energetic or vice versa. Research has shown
that warm colors can increase a person's response to excitement. You will feel mo
exciting52]. In addition to arousal, another response is evaludbwes the wearer

"like" these? Crowley (1993) discovered a positive liieand between evaluation and

color wavelength. People prefer colors with shorter wavelengths
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Evaluation Dimension
- (Linear)
Positive \
Mean
Response
$——Activation
Dimension
(Quadratic)
Negative
] 1 I 1 [ -
L] 1 T L] ] T
Red Orange Yellow (Green  Blue Violet
(long) Spectral Wavelength  (short)
infrared ultraviolet
(heat) {(sunburn)
Figure 3.10 Arousal vs. Evaluation
3.Bevel opmentheor eti cal Design Process Mode

Equi pment

The comprehensive and critical literature review is the beginning of interactive textiles
device creation. Understand the different design processes in the market, performance,
design, technology, etc., then propose the-aseter methodology to adopt Vaard.

The usercenter design methodology method was divided into four pahesr
understanding of users, tasks and environméatsdentify user needs; specific
requirements; product design solutitmpe promoted and refined through usentred

evaludionc and to address the entire user experienEgwlly, the prototype of
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i nteractive textile devices adjusted the p

and created the final interactive textile environment prototype for the user.

3.5.1Needs

l denti fying and exploring needs
User s, tasks, hardd ten vhiertomhantkenrt st ne adusder nee
determine product positioning. AThe design

a compl ete under standi ngh.3RdVv itelivdh @ g U aatt ®rmd r (

i nteractive textile devices in the market
to interactive textile designatimemghodgsari ol
hel ped us identify the user's demand for i

product.

3.5.2 Problems

Analysis problem

The design process model emphasized the in
problems. The | iterature points out that a
significant, it i's a cruci al st e[p5.4iln t he
Analyzing problems can i mprove understandi

and patterns bet we®e®m] probl ems and goal s
Statement of probl em

This step aimed to identify the necessity

50



growth and deowWddmegrmens wé&al ue as a product

We identified existing problems and det er mi
and optimizing them. AThe analysis i s a s m:
prodesdg Thus, we evalwuated, i mproved, opti

specification requirements to subsequent m

probl ems had been identified.

3.5.3 Conceptual design

Thi s r es esatrecph fadoecstidpend p o I hsoaséiervagg r onment , s ui |
colors for young children, i nteractive met

and integration methods.

3.5.4 Development of initial prototype

The process at this stage reflects the sh

research, suitable samples wel & &elca dtied f |
sensor s, LED I'ight s, coabrotheered spebdhees
mat wusi ngtethhvee rteufddfnigned as initial prototy
were adjusted | ater in the final stage. Th

1) Fabrication of electronic yarn with various types of wrapping and core yarn by the
self-development spinning machine of electronic yarn. These selected spinning and
core yarns ar10D PE, 210D PET, and 210DyNn-6. The experiment was

applied to select the best yarn;
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2) Three fabricated the embedded fabric prototypes with electronic yarn were tested
through a handwashing experiment;
3) Two shoe uppers were developed using a knitted machine and a zigzag sewing
method,;
4) Lasercut panels were employed for electronic yarn attachments with a customized
battery;
5) Three prototype tufting play mats were developed with 180861 | k cott on wo«

and integrated with various sensors, LED circuit boards, speakers, and controllers.

3.5.5 Evaluation

The evalwuation process was the critical st
the initial prototype had been compl eted.
expected designer's preset i nteractive <car
Theretwer maahuation parts: el ectronic yarn

maThe resezi dear after the evaluation wheth

The resempricehmernt ed the electronic yarn eva

el ectronic yarn wi t h rel ated @rIx@er i men
testing/tensile/bending and washability. T
commercial play mats and interactive play I

guestionnaire to observe the toddler's beh

using the dat a.

3.5.6 Solution
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Af ter t hedeesviaginueartsi othb eecmanacteri sti cs of ¢
made modifications based on the results.
techni cal and functional reqguirements. Thi

Then, they founddsoint albhleepsobleimoas dbamsee

3.5.7 Details design

This was the final stage of the design proc
and the establishment of the final prototyyg
yarn designdcohtectconve textile play mat

3. Bummary
Practicavagred ecaassrethrer ed des wgmuesmat hoddlhda gy st

Theesearnchheurded the accuracy of knowl edge

cycles and integrated relevant l iterature
devel opment, including product structure de¢
of the kmsowlrgédame zed in a system, and it 1is

Researchers checked and sol ved t he probl
systematic reflection. The product -devel oprt
develwpapping machi ne, t hen mo v e d to exp

performance steps as the evaluation proces

coll ection, and we used the same met hodol o
Further, researchers have used some met hod
for tddaladid gy, the i nterview and questionnae
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propedeetscr i bed.
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Chapter 4 Development of electronic
This chapter introduces the research work

"devel oping and creating the softest and n
work included mar ket research, appearance,
and testing of electronic yarn. Based on t
the softness and size requirements of the

winding yarns, winding methods, piegd,0r manc
Il nspiration sources, applications, mar ket

research project i ntroduced t he research
experi ments. Finally, this chapter summar.
in thisTle orfegaasélher fi nal el ectronic yarn

the prototype of shoe uppers made of el ect
4, lesbgn rational e

Herteh,e reprasamterof the processes of design
with the electronic yarn design, devel opme
prototype Thiendaleiszgmnhi dmamewor k steps show t
starting from the ©planning stage. First,

technology included the structure, mat er i
met hAtlserwdrmhde process and experiments wer ¢
research methodwdoggchineveéd.t hlen giolaé model

to a cyclical research methodol ogy.

4, 2e Diagd f abrication of electronic yarn
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4.2.1 Theme inspiration and color story

The design inspiration came from the deme

technology and f aslThieoreltercamdsniicn ydaainl yc ollil fe

by the trend book Earth Al chemy 2020; it r
technol ogy. I't was devel capgdstand iizredpi rcard ti
split gill, and bio dome. I n those four di
yarns were designed. Below is theotecent w
story.

CRYSTALLIZED CULTURE CLASH

Tt - COLOR

TeE - OOLON

CULTURE CLASH jasli

CRYSTALLIZED

BIO DOME

TR+ COUON
BI10O DOME

Figure 4.1 Design theme boards with colour
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4.2 2 Target market

People are now dissatisfi eguaniitthya § lsabnggf a s
products t hpaer sroeRfaltescoty atlh ezierd customi zati on,
uni queness, giftgepakddpgswpedisall omeami sggs arg
target group aims for aldqQuades Vhay vyemgddr s
r atbhueyr sloe stshats ptehnedy tchaeni r-gmaheyyloeyt bangdo s e
product s t hat ar e meaningf ul and functio
guesntniai re involving 100 peopl ei70s pyaenarrisng d
Her6e5,% of rppopltedl benggt o pawarharte fcdrothii gl
being 1| nweareashlea.tienchnol ogy

4. Babri odtiedrectroni c yarn

I n the design of wearable functional el ectr
technical i ssues, the biggest concerns ar

el ectronic yarn products haveelbeecetnr owiiidce lyyar

usually has shortcomi ngrsQqugshineels sas hpodne aw
flexibility, airtightness, and discomfort.
aesthetics, t he design needs advantages
breathability, and washabihisgft Tandnsaoaméot
yarns, we must consider the critical poi nt
el ectronic component s. Therefore,ctim. this

Bel owe redescichlee the recent wor k of t he e

of the electronic yarns developed.
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Hertehe resempltofemmai dnémeter -mgrwngd fiows

| ocking needl es. I n the peséamedaemhethkper
machine is suitable for processing electrol
effect manufacturing. The tubular warp kni

mu Htiil ament def or med pol yehsetneart i ycardn a(@rk maln o1
relevant manufacturing concept is shown in

core yward four polyethylene (PE) yarns [ 6]

Core yam — Guide Roller

4+ Encapsulated
Semiconductor Chip

Six needle bed —»

Final e-yarn —»
Figure 4.2 The yarn circular warp

According to the reference above, the spin

group for the wrapping process in this res.
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Figure 4.3 The spinning machine of the el ect

The experisnteangte spleaanr Isyt arted with the prepe:a

yarns, shown in Figure 4.4. The equi pment &
tin, copper conductive tape, ar amnyiad npaper,
core i s shown bel ow,; it matches the ideal

the subsequent wrapping test progress.

Figure 4.4 Simulate electronic yarn core with

The wrapping structure of the electronic vy
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FCBBore yarn+ wrap yarnf£o(e)yath) wMehhaadr 2

+ wrap yarns (v). Both designed wrapping s
FClBA FCBA

<—— Wrapyam1-S Twist —s§ |

v

Carrier yarns

'R'R'R'R'EA AR

<—— Wrap yarn 2-Z Twist ——

—
_—
=

VI

(a) (b)

Figure 4.5 Structures of the electronic yar:
Figure 4.6 shows the stimulation yarn str

protstwapge.

Figure 4.6 Stimulate yarn structure in a 3D
Figure 4.7 below shows the-bmaedf @c¢ctrcmuiing by
assembly (FCBA). This yarn production proc
machine designed and invented for this pr.

el ectroniwasyanainly interpreted as three st
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feeds FCBA and core yarn into the feeding
wrapping system. The mach(onaev eaevr aypar r)h etsker at
S and Z parts to the outer | ayer of FCBA ¢
Ssystem. The wrapped electronic yarn i s out
board can manage the ent itrhee psrpoeceeds sa nidn atdhje

density of the yarn.

Chips

FCBA  _ —

Wrap yarn 1

Wrap yarn 2

Output rollers

Control board

Figure 4.7 Spinning system of the electroni
Finally formed, the stimulated electronic Yy
This result confirms that the wrapping proc

decoration (cover yarn) can be aayicol or i
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Figure 4.8 Stimulate electronic yarn for syst
4. 4 Evaluation of electronic yarn
Further devteHeo psmemda mettthod of the spinning
according to the theme and color pallets w
on PI fil m, and the LEDs type were size O0¢

yarn structurg:afr€BAovenrgayarn

Core yarn

The core yarn was pl aced Ufeitbmecewns tchier ccuoivte t

Q
7]
wn

embllpl ays a r oplued ffiomT@eebadiucg i t hey of t he

Should be | ower than that of the FCBA comp

from deformati on, the core yarn wild|l beati
def ormation. The force acteogroni ECBaAr wi Wi
be damaged. Fheutcdvére ynwatnonly tensile re

consi dhanti ndpet fini shed di ameter of el ectron
centr-akaroad yarn could not exceed 1 mm in

strength requirement, the finest core yarn
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on the tensile strength anWdheifzienalf preocuatl
to be a robust, soft, and fine eTkrcéeeonic
kinds of yarns were considered for further
Nyl 6éd@he goal was to find a carry yarn that
progress to share the pulling force and i
composite fibers identified webr,e whiloOochh RH,e

chata&rized by their softness, hi gh adhesio

a5
40

35

HH

30 1
Z 251
T 201
<]
- 15
10 -
54
0_
PE PET NYLON6
Various filaments used for core yarns
Figure 4.9 Force testing
Preparation: Standard condition; Room t emp:

Sample specificationsNYRGOOD PE, 210D PET, .
Test apmasrtatons 5944
Testing parameters: 250 mm/ min

Gauge Il ength: 250 mm

Resudntd discussion: Figure 4.9 shows that
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stro

yarn.

stan

il a

Cove

(Fig

i f

ngest | oadFifvoer cree paeta ttehde thbersetask wer e c on«
The tensile testing pahfaSiieM eD2x25nwer e
dard for Tensile Pr-®pemrnideBhea thvoddair mss u

mentwer 1 0h ®&efmort ot be fuismal core yarn.

r yarn

cover yarn was a decorative yarn wused

ping yarn was mainly selected for its
cted here were divided i ntoanfataunrdalB. C
e color only. Concept A was chosen bec
ure 4.10) could be wrapped as the cove

ferent col ors. More possibilities cou!

di fferkat maquirements.

Figure 4.10 El @¢0Do®Ee yarnsanodiogncept A cover yeé

Concept B wassttyHee d/eaamr actoilieecti on desi gnec
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and cOohiosscollection developed into four
di fferent cover yar ns-bo olkhceo nipelseitgen ear dad csoor ac
and produced five different kinds Ook efect
the cover yarns in each story was selected

ashown in Figure 4.11.

Figure 4.11 El @¢0Do®Ee yarnsandioaogncept B cover y:

MR [ T T ey

Figure 4.12 Lights on testing

The toinghttessti ng el e2cltOrDocnélEce yyaarrnns aunsdi ncgo n c e p

yarn are shown in Figure 4.12. A few more ¢
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yarn by tensile properties and bending pr

commer cial yarn.

Tensile properties of electronic yarn
Three distindtEyaeladtermpdioy iywagrnshe 0201 LED
ya2n(employing the 046yZ2a8nHDe nifpdBoAy isntg itphye 0abr

FCBA 8werp)fabricated by combining three v

PE serlvotnly talse core and cover yarns. Al t |
to the experimental group, differThgspri mar
experi ment used the f ol | owanidngKematchhlienye s2:4 0lOn.
prepoanr awas i n standard conditions, at 20A

specifications wer e Tlhenm ens tdveaspapsalrrabtdu sb 804 4 o
The testing parameters wkRurei nvg =t hbe nmnme ms inl, e
all of the LEDs of the electronic yarn wer e
the LEDs turned off. The average tensile p

much stronger than the egxirst i mg cdhmomer dinalF

70.00

60.00

50.00 47.09

40.08
40.00 | l

30.00

20.00

Maximum Load(N)

10.00

0.00

E-yarn 1 I E-yarn 2
Types of E-yarns
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Figure 4.13 The tensile property of electrol

Bending test of electronic yarn

This experi meBtSYSEEHMam&KEISi ne to compl et e t

Table 4.1: Compari commefr cheandied@crtirgindict waafn and el ectro

Bending n.gldlty of . Bending rigidity of Electronic
Samp | ¢Commercial electronic yarn . )
(gfcmalyarr) yarn with FCBA (gf*cm</yarn)
1 4.5628 0.3416
2 4.3432 0.4759
3 6.6368 0.5975
Mean 5.18 0.47
STD 1.18 0.13
Cv 0.23 0.27
NOTES:
B1/B2=10.98
The preparation was completed in standard

Sampl e speci f i c acdommercisleleceonieyara and élextrohicoyarrs :

with FCBA. T h e instrumé&mBt SWE&EITEMESR DI ng rigidity
commer ci al el ectronic yarn was over 10 tim
FCBA.

4.5 Design and fabrication of fabrics with
Given that the technology is feasible, Fig

the embedded el ectronic yarn in a textile
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Electronic yarn —

Figur®hd.lKAdi tting construction with electronic
The process below involved knitting sampl e
using the knitting maChir6é6) by AWEAhMAREN QG WN

electronic yarn was |l imited, this was a su

Crystallized Culture Clash

Split Gill

Fi gur®hd.dmbedded fabrics with electronic yal
Figurehdwd 5t he samples of embedded fabric w

designed according to the mentioned design
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plain knitting method has been chosen for

4.5.1 Handwashing test of fabric made by electronic yarn

The washing test referred to the AATCC Lab Progaf018 "Home Wash: Hand
Wash," developed by the AATCC Committee RA88 in 2018 (replaces Monograph 5).
The preparation was completed at the following washing temp, rinsing temperature,
and designation °C (°F) °C (°%F)Cold 27 + 3 < 29. We added 7.6 + 1.9 L of water at
this temperature to the wash tub. Then, we added 20 £ 1 1993 AATCC Standard
Reference Detergent to bath. According to the AATCC laboratory proceeR0&&
experimental conditions, the proportion was restliby four times. Then, 8 L of water

was mixed with 20 g of washing powder. In this experiment, the proportion was
changed to 2 L of water with 5 g of washing powder. Water temperature was set at a
wash temp, cold 27 % 3 rinse temp, < 29. Samples werag@@and named 1, 2, and

3. Each sample was knitted with two electronic yarns.

Figure 4.16 Washing testing process
Fi nalhley,r eperaf oiheee dthetsst f or bri ghtnass on M
10: 00 a.m. The room temperature was 22A. T
yarns were working well Tht sSreéeawuystaftcoarf it im

washability of the electronic yarn is much
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electronic yarn. Figure 4.16
record. Figure 4.17 shows
chips were fully occupied.
Table 4.2 Time record
I 't ems Dat e&Twater Room
temperaltemper a
Sample |25"Mard25 24
2020, 9
Sample |[26Mard24. 5 25
2020,
p. m
Sample |2Y'Mar d2 4 25
2020,
p. m.
Sampl e |28"Mar d2 6 26
2020,
p. m.
Sample |29"™Mard24 . 5 25
2020,
p. m.

shows

sampl es

Sample 1

Sample 2

Sample 3

1,

t

he

2,

wa s

an



Figure 4.17 Sample 1, 2, and 3 LED Ilight <chi ps

I n summary, the above experiments showed t
electronic yarn designed with the research
parameter requirements. The structur al des
the original el ectronic yarn. However, mor e
i n the design of electronic yarn products.
4. 6 Prototype shoe upper with electronic ya

Thfeashi on shoe upper was designed and devel

crystallized topic, which was inf. |l daehreced b
primary shoe upper is made of 100% pol yest
machine CMS822. I nterl ock stitch was the Kk

pattern was embroidered with electronic ya

Figurlé8 hows the color story of the shoe u
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11-0601TCX

PQ-649C | ) I

PQ-291C

16-0836TCX. |

Color story

Figure 4.18 Color storyboard

After many samples and experi ments,

4 .

vamp through the LED switch. I n

t

h e

apipdations for future design directi
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understanding the market trends and soci al

selecting the best manufacturing method fo

this chapter, various experiments were 1inc
desiagnd productionfhef shloe pppeéust .are | ight
wearabl e, fashionable, and highly suitable
advantages of optoelectronic yarn. -The res

centdreise gn met hodol ogy to create meaningfu
products that are fashionakloeatamdi eaghdamomc e dl
us-eentered perspective and focusing on tc
photoelectric interactive play mat set that
group. Consequentl vy, the relationship betw
ltneractive gaming mats represents a compr e
devel opmenmn deemhtbypar prototypd@hef aldeisc gni, or
experimentation, and production processes
design fTlereevoirk. not much systematic desig
fashion design i ndubsased; whn crhy ispimoisdad,y my
an example to help people who want to chal
i n theirrkausreedhreahmowe, through these experi
and applied Mocr aelpatenYarfrorAdicessory Trim

Conferehlce202010332371.5.0
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Chapter 5 Development of I nteractive
This chapter introduces the entire process

children's photoelectric interactityweypl ay

materi al sel ection, product design dr awi |
positioning, circuits, product structur e,

scenarios, explosive diagrams, 3D diagr ams
trems of the thinking-canotdesr,edi tderseifgenr smettoh oa
evatliumn met hod was an experience survey que
observation of trial results by teachers ¢

desired product usage goal s.

5. 1le DiRgant i onal

The prototype i1ideas were inspired by the
yarn in Chapter 4. The design rationale of
meaningful design direction. | measdckdirtcihem st ¢

arnecowocusing more on theupagntadee ognuad liittyy odf
Targeting the needs aceft endleadc ttéhde wWeesr gor awunp
optoelectronic interactive textile product:

5. 2 Dedingreractive play mats

5.2.1 The theme

Thesearchli scovered that toddl ers today st

devices, including tablets, smartphones, or
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i ncluding parentsod busy I|lifestyles, a | ack

to be quiet in public. However, g srcaleemged L
devices results in |l ess time Hohazpaoryds,cadua
as prolonged inactivity while watching scr.
the real worl d,[ BOM]dl hdee areesaesaerdc hv isstiaon ed wi t
early educatAisonmeinn i tomekd! @ms .Secti on 2. 4, t
brain development in a child's |Iife is befc
technol ogical development, few interactive

aged undamd3ngearasef the products meet free

photoel ectrdméeceffamet i oms.researcher desig

t hat i s swaftoep taonedl efcummr,oni c ticntapRlcyli &g&er f ine
gamAssensation training system embedded in
optoelectronic technology when children <co
Training children'"s gr owais wseernisneg, Vioniccleu dinc

menti onee dr eilnevtamt | i terature on cognition,
actively help them explore and meet their o
for physicaévahnhdpmenmtal Feseblrygheed the val
practicality of the product i n a kindergar

adjustment.s accordingly

5.2.2 Target market

Preschool chil dren sar ebutth et hper icrmoanrsyu ntearrsg ew h «
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product are their caregi ver s, ksiuncdhe ragsa rpt arne

products. The product's appearance was i ns|
posture of hugging and caring, frsemmsenot her
of security, providing a good vibe for tod
chhraacteristic makes it easy for kindergarte
mat for storage. |1t is supeeiofteén trgiddf ic
| ar ge, and inconvenient to store. The soft
are not proficient in running and wal ki ng.

5.2.3 The competitor

The competitor tol obatiee Qgeeponseamaires i
AWeChat o group named i Tahrep ePtosp ufl carr MBoatbhye rCsr aiy
2023. 0 The recommended play mat structur e
folding, rolling, or pu4zdmngA ,t hhinadk n ehses tdf
2 cm is not recommend®d, sad ei tf oirs tmatd| &9 sc ¢
are mainly PVRAe aodmm&r®iUal play mat for tod
proteon only, although a few have extra gal
an extra game function that allows childre
an adult throug®ommparked tinstthal cttriaodi.ti onal
the developed play mat targets the goal 0
i nteractive photonic environment for toddl

modul e i nteractive dfliemcst itomsspgemad mdr e wt it
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movements and to enhance their cognitive al

|l earn

ing purpose through pl ay. Figure 5.1

ma t structur es.

4c

m (dept

Figure 5.1 Recommended commercial Pl aymats

5.2.4 The color story

As mentioned 1heChaipe@orc @Beodmddeadhol ogy i nto

desig
t empe
to th
bl ue
orang
secur
desir
symbo
child

The r

n Hoarpopciensess.s and t odnier e(cwwad we |reenlgatthe)d atroe
ratumre rnandgédecdloommg wave, while transm
e physi clan dartkmgaeltuantdendh nyb jcedd tds appear
or qgalacard. p$hehol ogy table in Chapter

e visually give children a seofse of | ¢
ity and reduces their vigilance and p
e for communication among children, m
l'izes a mat bvwmdd ¢ olver (Mdlei ewves tensi
ren's emotions. The green style evokes
ed, gol d, and magenta are exciting an

78



confidence of shy children. Finally, <cool
are not recommended for children to use, a:t
centered user perspective, t-penkesbd®@beoher s
yell ow, 5% green, 5% orange, 5% blue, and

coll age in Figure 5.2 shows the color boar ¢

Figure 5.2 @lour storyboard

5.2.5 Fabrication method selection

| dea l-cutaseemmercial fabric

The starting point was continued from the

The reseascldered unl i mited connection pane
the surface, with an interaction sensor fur

t he -dwmtsefrabric panels prototype.
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I
i
I
Ll

D>

Figure 5.3 Laser cut designs and samples 1,
The technical drawing of the design idea i

was adopted for further development.

.

Figure 5.4 Technical drawing of extensional p
Figure 5.5 shows the construction idea of
part of the panels. The electronic yarn is
is around 5 c¢cm in diameter. Each esdi daet has

any angle to create any size or shape the
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Figure 5.5 Construction 3D |l ook with batte]
Figure 5.6 shows the sample of electronic
battery with five sets of snowfl ake combi
all ows eight electronic yarns to be connec

poweroff; the right i mage, when the power

v
-

"t .
“3170'.

“9.....00‘4’

MRS, 13

Figure 5.6 Electronic yarn connection pane

A specially design battery set for electror
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370 7.4 20200514

.7 Battery circuit design and sample | o

This idea was eventually abandoned becaus:e
regulfaotri ocnhi | dren' s product s. 't i s not rec
surface, and the thickness of the fabric i ¢

is challengingi3fgeachi | doenwagends@fety and
i mportant attributes. I n this context, the
be reconsidered.

|l dea 2: Devetlepimgnéedofabelt

The UK i1 nstallation art exhibition AWithi
I nstallation art has no materi al i mitatio
artworks through designated spaces. Moreove
tdh artist's space. The researcher designed
an i rregul ar shape with technol ogy suppo.

environment .

The fabricati on met hod considered the stru

designed in a sandwich <comestcrnucitni otnhi cTkhnee sp:
softness in the sense of touch. To meet su
and ecet ed the initial prototypes of the top
in the following process. The circuit is f

8 2



ankifdabri c.
Weaving met hodol ogy
The first sample, shown in Fifguarnee 59.08,m was

machi ne rnioPde |lasABalvehaifmabritcassampteandael eve

of the fabric sample was positive, as showi
pattern and size of the fabric was | imite
machine. Therefore, this fabrwaocrak.i on met ho:

Figure5.8 Fabricated prototype 1
Knitting methodol ogy

The second sampl e, shown i nWEAgMARTS5. 9, wa
( WM 36 7 6 6) knittasg a maochaimne f abr i c sampl e.
transmittance | evel of the fabric sample wa

the i mage appearance was too bright, as sh
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pattern and size of the fabric was | imite

machi ne. This fabrication method was not a

Figure5.9 Fabricated prototype 2

The tufting methodol ogy

The third sampl e, shown in Figure 5.10, W
considering the | imitation of pattern crea
figure bel ow shows the smal.l sample devel o
smal | Tfhreaames. mi tt ance | evel of the fabric s

creation of the pattern and size of the fa
structurédanfd tlee hinngeme. Thus, this fabrica

further work.

8 4



Figureb5.10 Fabricated prototype 3
Two types of twufting guns are showmrin Fig
the mat production, one type creates a | oo

effect. The yarn is applied to the designe

Figure 5.11 The tufting guns used for the inte

5.2.6 Material selection

The yarn selected for the surface materi al
70% polyester, and a soft and nontoxic woo
wools k-f niendly and suitable for the tuftin

because the character of the wool i nduces

8 5



~

pol yester wool carpet. The price of the fmi
to tsxrade production, and an extensive var.i
concept. The selected material wascsatedted

prototype 3.

5.12 The Amilk cotton wool 0

5.2.7 Freehand drawing for the design process

Freehand dr awing, shown in Figure 5.13, IS
and researchers considered designing the

function through data collection and custo
sel folvees sofl mot hers for their children, the
the fact that mothers are the starting poi.l
t hemea wnathher dasdembe azmeat omi c allh ep arretsse atrhcaht

compadhes pi cture by connect i ndl hteh e etsheraerec heelr
created an environment that makes chil dren

an environment all ows children to I mmer se
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Design keywords

Inclusive Endless love

Free Sketch: inspiration progress

Figureré®&enln&8nd drawing for the design process
The Fir9Qupuwzzll e reflects the design ideas i1
the c¢cl ose connanottiteeerd bteht eveere Reelsiblad cher s st
sketching from these aspects while consi de

as users. The st aditfifroegy dyotipratr tvea so fs k entec hmont dh

the researchers used their i magination to
combination is irregular and does not res
pamtliada age stage. The interaction can be a

toddlers to move around and reassemble eac
final pl ay mat has an irregular shape in a
hei.ghRRi gure 5.14 shows the design of the pl
The size of the pibmanmdatcasnetbei sasdancurd I.ePh

arrangement of the display method.
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Scenario application: A safe, soft, and fun interactive play met
set suitable for toddlers to play alone or in groups.

[
L = IR
Ve </
3§ 3 DA 2> 8 A & )
\V 83 e P 2 X 7 /
N g $ ‘ P (
J ) )
.. Protype A: Voice intelligent yor 2
. Interactive Play met. T ’ Z
] R - B
Appearance inspiration \ XU N
' source:Mom’s body, a A N ) D,
| security environment x/ = o~
For toddlers.

. Small size

' sample testing

Colour pallets 3 S / Protype C: LED color display
e 5 module, press intelligent
I Protype B: Climbing, tapping, Interact;vz play met 9
‘fk b j vibrating, and music interactive 3D 2

play met.

Figure 5.14 Play mat design board for produ
5. Scenappbication diagr ams

This combination of play mathagsetarigetdingi d
particular group of toddlers aged up to 3
abilities. Therefore, three scenario appli
were designed anftheae@ashowdebebaoawconsi der s
interaction between a particular wuser grou
understand the product's actual usext hroug

annotations to help viewerrmsedadbd6tfer under st .
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RNy PXLE

Figure 5.15 Scenario of Prototype A with Voice in
The voice intematts hvoewmp hion oFeil gewrtdei iebd. dlgpu e ¢ a n
and 't ghting Il nteractive content by mo d i

communi cate with the voice sensor modul ar

the interaction process. This projeenctt i ncl
color instructiompg.ogEiagimedcdloor schaderpnet
yell ow, orange, blue, green, pink, purple,
|l ead the game, while children widdh weaker
i mitation. Referring t o Chapter 2, t he i
devel opment, such as separate games, team ¢
big action games, fantasy games, and coor
desi grmi mpd atyhimat . The mat 1is a big arm mea
|l arge area allows toddlers to run, jump, W
can thus improve their auditory, visual , I ;
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Figureb5. 16 Scenhusiioc oifntPerroatcottiyopne B

The 3D arch bprlisdggte wsihtowinn itnhiFsi gure 5. 16, p

of functions to offer more possibilities f
di fferent instruments when each ball detail
search for dfi ffmeseot byygesnbining interact
climbing, jumping, |l eani ng, and sitting. T

which are soft and saf e.
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R NEE P

Figur8cénadfi ot oEEPedCsplay interaction
Amni mat-edl, of udil spl ay of the poddgisénasil ds s hc
be able to walk back and forth on the carp
the design concept. Toddl ers can also explo
on the white circular area, mi mdatfddceriemdged
such as graphics, number s, and col or s, t o
the researcher placed six LED soft screens
pressure sensors on the otthheer sstiadgee .f oQh itlhdir:
engage in different spontaneous, interacti
interactive methods can be adjusted by pr o

5.4c8Dst rwicgaw oonf Prototype A
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Figure 5.18 The 3D view of prototype A

The 3D construction view shown in Figure 5
made wusing 3D max software. This step redu
product design, saving costs and ti me, esp

mat  t his proj ecta 1T hle srea t8i3os micedtk edriiergemif 1 &€ m
the structure before furthedi apgrroattied i ngn of
carpet is the top |l ayer on theisluirg afcaehr it d e

is fixed on the bottom.
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5.4.1 Explosion structure diagrans

Tufting designed outer layer
Voice module

LED light strip

Power bank

Bottom sponge supporter
Arduino nano controller
Speaker

1
N W

Figure 5.19 The explosive structure diagram o
The explosive structure shown-aidhedidesiegrb.
(CAD) softewaplegi nwhitchhe i nformation of each
and better explains the design structure 8
number in the | eft diagram matches each cir
of the tphe talrectirsoni ci nccd nupdcense nat, ,v lolEiRgeb hmo d u |

strip, power bank, Arduino nano controll er,

5.4.2 Circuit Design ldea

Thei rcui t dsicahgermaanFb g0 eof cisthowist t&arer ange ment

and final selection of electronic componen:
the AFRITZI NGO software. The circuit arran
concept of this interactntoer acttiiwe tryeeavh i af
by the researcher6s consideration. The maj
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communication skill s, cognitive skill s, an
entire interaction process. This interactic

and the play ma t by activating the LED |

instructions such as, nPl ease turn on the
instruction and interactive method can be ¢
as instruction. The circuits below include
Arduino nano contr ol board. Appendiex at ed THhe

el ectronic components and their functions

5.6. 2.

N
o ax e
o

a s m (]

= AD AL A2 A3 AN AS Ab A7
@ L1 :ececes esccce

Arduino nano
Control board

Figure 5.20 Circuit diagram of prototype A

5.4.3 Develop the process of prototype A

Figure 5.21 shows the devel opment process
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and softer properties, and four to eight vy
thicker sthredmpda®dottyann The play mat base
frame (2 m 11 1.8 m) temporarily before proc
mat he resrlaachped t hwei tdlees i gmo ji enatger -and s epa
scale image into a few parttshe erf ggaiansekded rc h i

the back to the entire pieceusitn nihzee df ifnoarl t:

partpcolj act

Figure 5.21 Development process of Prototyp
The i ntpdraedt isheown i n Figure 5.21 is the | a

i mages arranged according to the main stej
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shows the customized frame for tufting. Th
m, which is not big enough for prototype A.
three parts for devel opment. Fi guerieve2d s how:
by observing the steps |l ength of young chi

i ndoor pli7my. aFriegauroef 35 shows the use of a pr«

size of the drawn | mage, Figurenl,ofornthe 1t |
framework is 2 m 1T 1.5 m. Owing to the si z:
to make it | arger, so the production area
tuftihemgrediearddert he carpet structure into

and head. According to the | ayout of the t:

arms can be slightly adjusted at the conne
connegdii rotn. Figure 4 showesgtheotesheofyatihe
sampling. Figure 5 shows thate wiesleatiddeass

draw the outline by a pencil in the frame.
each col or -mdrk&«d wiars waoreds with a pencil
adjustments during the production process
appeaaace between the color design and the a:
work experience to determinehi §hbvwreecdhsho
skill in the art of tufting. I n addition t
| ayer or multiple | ayers. Il n this artwor Kk,
Figure 8 shows the tri mmed marnmne earsd tloe arde,p e\

process. Fi gwnrsed a9dfa htolwes d ihrec uii twhamd pr ogr
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powered by a pedveertciowannekn twhdosees not exceed 5

5.5c8Dst rwicaw oonf Prototype B

Figure 5.22 The 3D view of prototype B
The 3D construction view above displays t he
sof twar e. This step clearly shawedalplaros b
the play mat set. These i1issues regumred a
the structure before furthedi apgrroaufie€ i ngn of
carpet is the top |l ayer on the surface, tr

second |l ayer is a thick fslciimigtdbadrswp mdadritt
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shape, then fixed Wwasfgohbe maghcbhbbepemopah

flexiblneg @apgen he side for fixing the circui

5.5.1 Explosion structure diagrans

Handcraft Wool decoration as a switch
Tufting designed outer layer

Shock sensor

Speaker

Voice module

Power bank

Middle supporting fabric layer
Arduino nano controller

Bottom sponge supporter

&

4

|

bl
PENAMS LN

Figure 5.23 The explosive structure diagram o
The exptoscveare diagram is Figure 5.23 was:s
explains the information of each <circuit a
design structure and the effect after their

mat chegsg caddh amid el ectronic device on the r

5.5.2 Circuit Design ldea

As shamingure 5. 2cAr chhiows| ayheut and final s e
components. The circuit diagram was il 1l ust.
circuit arrangement was designed through tF

which depended eoend st hoef itnhtee rtaocdtdilveer sn by r ese
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The major purpose of prototype B is to all
significant movement activities during the
was designed to engage toddl ers aatdi ntcghe pl .
sensor under multiple colorful hairballs o
hairball plays different-cpdeoags whichsenogm
toddl ers to sear ch nmoorvee neemnd sg c tkirvieagt| eg ntghpebii ri
climbing, and drilling. However, the 1inst
changed by creating another particular codi
a vibration sensor, speak@ano muasntcr ll alyear d
related functiAppemdi X ntk rodondetdhenel ectroni

functions are described in sections 5.4. 2,

Vibration sensor

5 A TS Music player module

........
oooooo
ooooooo

Figure 5.24 Circuit diagram of prototype B

5.5.3 The Development of process of prototype B
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Fi gur e 5. 25prDoecveeslso ponie nptr ot ot ype B

Figure 5.25 shows tipeocotdevgipepmBentThgr ¢d¢ @®s ¢

was designed by wTtenearchlemap pwiotalt ha wdbesrer vi |

climbing height, drilling size,i3apdampd ayi |
pl aying in various amuesemeéntThacmbsitcebnia
mat was then designed. Figure 1 shows the

matches the surface size of the customi zed

pink gradient color ofaitheael Wwaom tbhkeosus¥yat

pl ace for children to grasp when climbing
each hairball, and when children touch the
music controll er to seimei.t Fiigfufreer e2n ts hi onwsst rtuhne
the surface and |ining | ayers where the cir
all owing for maintenance and adjustment of

the hard sposkhiedwecEibgthme anshows the final
The power bank is a power supply channel ,

exceeding 5 V.
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5.6 3D construction view of prototyping C

Figure 5.26 The 3D view of prototype C
The 3D construction view displayed in Figur
by 3D max software. This step halpedr Ipyardiso w
the play mat set. These i ssues rfeigum rtehea 1:
structure before further pdbodgc atufoetni nodf t he
carpet 1Is the top |l ayer on the surface, an
and bottom | ayer sinsvultat itrh@! tgg pce d pAumthand ot t
| ayer supporting t hengsheaxpes,t sandh a hfel esxiidbel &

i f needed.

5.6.1 Explosion structure diagrans
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Figure 5.27 The explosive structure diagram o
The explosive structurig thhadgrhyy CEADwsoli nw&i
explains the information of each circuit a
design structure and the effect after their

mat ches the circuit iaghhdt edieadgrraom.i ¢ devi ce

5.6.2 Circuit Design ldea

As shoWnguid.e2T8h.ei r cui t arrangement was desi
i nteractive function required and the fina
the test. 't i ncludensntaoWsSeégBl2pr ¢EPupaneén
breadboard, speaker, music player Thmedul e,

LED panel is a criticatobpbornti spl anwj sadwesi
thin and soft texture, and | ow voltage. Th
for all the required needs. The mpa&nealg will
fixed to the play mat for better protect.i

Appendi x | . The el ecdirronfiwcn cctoimprosn eanrt s daengdc r
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