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CHAPTG®ER | NTRODUCTI ON

ACl othing iIis the outer expression of the
choices, shelters our bodies, ahdnttfoa ¢
into a statement of who we arMary Schmich

Cl ot hanreg eis® guy rae memdti u-mx pf es sli dmguiageal or
communi cati on, a symbol of tamdlidowoinalangt
Ex apcetr o fodt he origin of evVviodfamam ries enaortc Kk ns
suggestat énsottt dtes®O0OPdamas¢ KO t | er .Aentotahle.r, 2
source mentcbosht hg bgepofmitivEeGihlulmagan ,4
2023bPrimary reasondevetopeamead sl éhrioritdetct i d
agaimasrts h wWweGdatitHearganSi n@€ 2 3a)i gi n, clothin
continwadausliyncrement in purpbaetaddwfuhcth
of protection, evolved asanald®y mdmedn ttodd aw e
it reflects high order creahumaihyi laindatiee
There have been significant transformat.
changing needey demastdglves opment s .of t ha
Cl ot hing anodmeapep ayrtenloniesbf ethe past but it
to shdwmd umme aeduSttaanydi ng at tHF&escaioyd d
flourishing clothfiaghnidoussx triyl e aaan dn @a papgsa meel:s
a significant cont raisb wteildn aisn pglopmalt i eanar
resource consumption. As we delve deeper
wher @daweldr ess current pr @pblogms sanabnudst ali In
et hiwiatltH ya pr omi se dfolgrsawtch adredvretl eogplmeonid a g
advancement r wm nthmeg pPpoeesadmbiel sttt uEest gl ea
requi rlehme npgrsesent study titled fiDevel opme
|l nsul in Dependiesnnt o De adbeaelt hEseantctofoncl|l ot hi
Technologically advanced clothing has bee
sustainabl e approach which participates t
potenti al health Aeniehitocdiaa cienbveo |tsveerda |iltni n
study are provided here in this chapter



l1.Background of the study

This backgroeaes pareys aibmmEldrsmatditacany eoi nt | y
contr i bhdeeevce | togp me ntwhifgrheo vd alrecse mt bfuoi ul nddi antgi o
the study in its present shape.

1.1Carrent STextei lod dihed Aptpray el

The textile and apparel industry takes to
each segment having unique consume base
trajetheonecleichantoand ¢ val ue of textile anc

estimated t hr oTuegkit id er e pnodruts ttriytélse dAmi i t Ka e

Billion Mar ket Feyde2030G on of | ndian Chambe
and Wazir Advisors was US$ 910 billion du
UsS$ tir.i2l I'i on ti || thetle@eds afme yeapor2t0,23ap

(globally) has been estiwhkiteld it det iUBSHtle
at US$2.37 (FIiCCio& bgz2038ahwg asrbsmisgrb26 8 3)
attributed to many reasons and increase I
being t he alpddadigngwi t h catering demand for
powers fashion and design innovations. | n
has under gone maj or transformations wi t |

automated mansé aof uMewege, bpmbnonof gl obal

resulting in one world and igorowbh ant idfi
intelligence i n descmmger g kmeidn g ettme | mantd
mar k an increment i n industries product.i
being |Iimited to economy, t hilsecitn diugs tsroyc i
conditions andsreshdpnhgfroendsail abl e da
going to follow an upward growth trend wi

while updating with technolmaglye Smsthi®at

growth due to raising awareness towards e

|l ncreasing globalization has equally i mpa
Product development, demand and supply ha
audience and a wide varietgi ofepeetf eramnge

segmendisvearnsde coingruinmear yneteasexi st i n the ¢



providing something more than just a pi

something to the quality of | ife of the ¢

The textile and apparel industry has a si
by serving to one of the primary need of

i's also responsible for consider 8Mbjprl ardg
I ssaesoci ated windlumdhaasti hdadt uge of natu

waste management and i mproper di sposal ¢
unet hi cal | abor practices, textil egwaste
gl obal concern towards the environment al
need to address these concerns with jJjoir
manufacturers and consumer s.

Al ong widgrhowtildiomaggt or s for future, the ind

Adapting with changinvgrodemandaltrands soci

i nnovat itv ea dvhaonucgghment s, far sighted visio

1. 1EBvironment andofHeTaelxtthi |[lempaancdt sSAppar ¢

The textile and apparel Il ndustry | eaves

ecosystem which is divided into subparts

Car bon Emnihsesicemsbodiec msivsaer ioofus & odiuasrier iye s
mu c h mo rweh at h acna n be taken as acceptabl e
contribution#astpetrtha ezsvs@®iamgih|l e eponrtthe we
Climate Gr a,ndddCimiaddiecimgesare 5 to 10 perc
gasses emiandd fglmdaildtyer venti ons are don

by the ¢yBMadeRO0O880O al ., n.d.)

Details of CO2 byuapphepkeremdast bpse been

bel.ow

Tablt e Gl obal Apparel | ndustry Emi :
Esti mated Total 4 Gt C

Percent Activity respons
29 % Dyeing and Fi
23 % Yarn Prepar a
15% Usage at consA
13% Fi ber Produc




10% FabPia@ducti of

5 % Assembly of G

4 % Di stribution

1% Di sposal
Source of bata@s:// climategrandchal
content/ upl oads/ 20ni29 sDi4ainGsE @ ir B angrihcs iiaeteit o n
t hteexit md es( Mgedetif et al ., n. d.)
Dyeing and Finishing activity is the | ar
foll owed by yarn preparation, during use
gar ment assembl vy, di stribution of produc

decreasing order Thfi st aita @omotvi dest iaonn . o

greenhouse gas emission due to different

gl obal war ming whmidchlklli nake mbhrmaegdevastat.i
preogted data for incioOpaseniizmte mins®ifomps aftcit |
entire |ife cycle of c¢clothing is necessar

of eendasryest em.

Pollution and Reshyernag,Cdnnumhmt ingnand tre
textile prodekensaowm t o be on the top .of the
l ntense requirement of water in dyeing | e
reducltn oamddi tion to this, untreated dye
finishing process released directly into

aqguatic bodies with toxic chemicals affec
consumes that water directly or indirect/
chemicals, microfibers released at the 1t
of the manufact ur iumdgtestn dr elp@ag ed ifntno sthh en
enter the food chain in tMécsamebeaany ase
plastic particles that are not biodegrada
Il i mited to pr oMiuccrtoifoinbepar tar@enlryelte d eesd f
(exampl e agpolewegstyerd)omesti ¢c wash and 1 ntr oc
At present, there i s an accumul ation of
beds which has been attri buUutSeod itedTyha 20281
extent of damage can be estimated by t he

particl evpme shaammaenWipil mcedvancements in re


https://climategrandchallenges.mit.edu/wp-content/uploads/2022/04/CGC_factsheet-Emissions-reduction-through-innovation-in-the-textile-industry.pdf
https://climategrandchallenges.mit.edu/wp-content/uploads/2022/04/CGC_factsheet-Emissions-reduction-through-innovation-in-the-textile-industry.pdf
https://climategrandchallenges.mit.edu/wp-content/uploads/2022/04/CGC_factsheet-Emissions-reduction-through-innovation-in-the-textile-industry.pdf

and processes, scientists have discovere

water which are smaller than micemntperast.i
humael(ILs u, ag@dlenpve addroosds br aPor bialrkri &r R

2024)The origin of nanoplastic particles i

and synthetic textiles. It i s an eye opet

mbers than ever esti mat ed.

rr pollution in the form of greenhouse
ready been discussed previously. I n add
tter rel eased i nto tdegrsaudrer oauinrdi qg a laii tr
spiratory troAbbdbeg woth hehiwor keuspende

nthetic textiles in the air ar e al so
Il 1l uti on.
I Qual ity nReggerasdckatiinondemands have | ed

rmOmeg of t he priotatrgyn rawl tmav &trii@an ,i € bei
der the pressure of demands. There 1is
rge guant e d cseusrsr ebhndh ng water bodi es t
derground water through absorption int
d peissicamdieshi hgraoinlg tedetillandy barren,
odiversity which is supposed to play

plicated or substituted by anything in

xtil eA Wadtsd:ant i al amount of textile was

ery yYybdas waste comes out from productio

€onsidering the production phase, wast
nufacturing of textiles amdtgar mamutl tyr d
jection (in terms of print, col our anoc
sposal (leftover after marker planning

an of c¢clothing because ofrvehg toegepht
shion is key sourcecohttiebtui e wasappmgl
nnes of wast ecamstidnctirlefalagnonginTth &b 3 ar e
derutilized clothingandetmalwhiwcmpm wmrde ailpi
ration of tiEmeryotdgtompooe i tbs)an pr oduc
vestanefnfti mifently measurabl e amount of r



ti ,meraw materi al.Alll atblhiug ,i heednmémwmigygoes |

to inefficiency of the entire system. Thi
upon as a cause of environment al pol Il utic
manufacturing, c smsbwmphi omaxamdmdpepei bl e
recyatenghe only possible ways to deal wi
Exposure to haBmfbhl i odemicg gl ssorkers and ¢
by the chemicals wused in manufacturing a
industry. Har mf ul synthetic dyes are amo
ri sks. Wor ker s I nv elxwed i emc emalnama c ttwerim
respiratory, nervous) problems while cons
and allergic condi teixqpross.e dl rnt du sat rvya rwcert kye ros
manuf a @trwrciersg . It i ncludes dyes, fixatiwv
carcinogen), fl ame retardant s and vapou
chemicals are known to cause health probl
chemi cal s saraen dh arzeagrudiorue speci fic arrangem
appropriate ventilation,Lavwer otfo pmioddclre s
countries |li ke Bangladesh and I ndinal argepl
numbers maki mgpdufemsmasns tphhe worl d. I n su
witness | ack of stringent health and saf
wor kers health. After i pr poesassfd ibadme fyc té mit
residue being retained o.n Vhuernf accoen souf mecrl so t}
and wuse them, it comes in direct contact
irritationr,eaaltlieorngi cdesrkmant i ti s to peopl e
ef fects arhee viiosrinbloef isnki n adversities but
serious. 't is an established fact that

comes into contact consideringCdmulaai owne o
effebsooptaon of chemficamschothsgeitivew sve a
health effect in the | ong run.

1. 1SBi fConismBrepectati ons

Throughout the timeline of evolution of ¢
being used, design philosophy, demdond,s o

andonsumpti Anspgmeprtnef the younger gener



zZ) , being educateddawnwdi adwaser pfpthet pcese

over several platforms worl dwide for its
cycl e, show a shift in their preéfoevmaemnces
opting for betaleirgmed!| wittyh cd wsthainmgabi | it
practices over di sposabl e fast fashion

consciousneensciaothseadphbroach has also be
shnfggt it owar ds cheaht hghadwht,adfennddtyidon al
comfortable. This awareness about health,

i mpact of clothing has been pushed forw

educational and awareness campai gns. Or
educatduwnmgercsonabout the implications of toh
economy (personal and gl obal) and ecosyst

Il n the chain of cdwdlhvinmgg | exomeom etxipercd e d

Be Sust Aisnadbdil ®cussed earlier, t he awar e |
consumption of synthetic textiles and che
the environment i S a concern of t he proe

Environment Progrmaam, icfontheusame tdhee f ashi

guarter of global carbon budget by 2050.

it has to be sustainable in terms of pro
cycle irmonmentenivn a realistic time frame
as to be called sustainable. Consciously
and desires, great stress must be | aid ol
Ecoomseuism is a resultant of a conscious
t hat have mini mal oOr no negative environn
heal th, both at the same time. Organic fa

mat ean@dalconscious production have gained

Provide HeaAltdn Bewietfth tprovi ding protectio
now expect our clothing to provide healt
become a choice of many people who want
for heal thgaaldsiTwwebk|l mass been profelwWndly
pandewhiicch brought upon an unprecedented
well being and forced everyone to think ab



i mpact oA tgheatsa&ameconcern for personal h
clothing that <can be protectiPrefameénpeoyv
antimicrobial properties, organic hypoall
harsgai ned mdlmenotam. dyed textilesTeytrktesu
finished or dyed from extMiashmrsa o0& Gauti am,s
It i s worth mentioning here that this cor
the art of herbal dyei ngndears tblee nngme viaAye
It i's beli evedast oa hmarbaewttd rcbe@ 0 @ @y e ehrexa | & § ¢ a

(Sal ujfs, memndt.i)oned in a report published

AAyurveda in all spheres of Ilife inclu
appealing to a generati-oeindatni si me
turbul ence. Ayurvastra, a word from S

branch of Ayuatvddidd anr ankidti icam e s ¢ ttatan d
hedyged organic fabrniSwatas Cheadluirvgdagen

Her bal dyed fabrics are not same as veget
presence of medicinal properties in the f
any c¢hemisdnedasiu,r al i ngredients are used to
propertbihes farbr i c. Bl eaching is done with

oils and herbal extracmt st hgee tp riomafaudssecdo friendtyc
i nto cont acwhewmi tshu cthh ef asbkriinek :iiosw niwdkrdaric t s K i n

absorbs what comes in contabti wiuiserdi by s
her bal dyed fabrics to provide medicinal
t hroughhisskiins how it was practiced as a

Di fferent h e rabrael pfroerpraorilecadu i a3 sl p ehreTahletshe b e n

formul ations are based on t he eflftechtesal osf,

nouri shes, and provides protecotc®ns tios skao
on natural, organic fabrics and so I s enyv
toxin free, healing, protecting, and gree
benefits fDreama nadl dtolri mgu.ch fabrics has incr

heal th benefits from clothing.

Desiagn per the Lifestyl e Repuienemxmptestat i
from cl ot momg ttdhasmernuves traditiComdbrifuaaodi



adaptability, as a matter of considerati
even deepermMmhpesr pesdtginva.hought has been |
meant for speciali zed -henldpusctirotahi ngo bwsh iocrh
the differently abled. An exploration i n:
many ot heresiwlharmstandcdesi gn intervention
The design of clothing be aligned tviet h ne
i ndi v@B lduali ng is now expected to be play
functionally (by customization to an ext e

i festyl e wi thout compr omi siVeg s athiel i agpe

adaptability with soci al settings and keece
essenti al to tAe mMopdeeaseonsumefestyl e r e
popul ation is also one of the causes for
Be SmWirtth advancements in communication t
with modern design philosophies, t he f i e
expansions in the form of smart gar ment s/
it ems i nwiotrip otretddeudprheomgty it wi th more funct
regul ar wuse. During early 19906s smart ga
| ater this concept was extended for i ndus
garmeni s beinfhi wheatetsbhedrtonnd | ifestyle
1. 1EMergence of SgmdretctClomtiki)ng
Smart d¢dladtsihhi hgr med as ANeixsd HLemecaafi oinnmd
this ocemptpworyepgi dyadvancements in infor ma
technol ogy. This concept i's powered by t
inseparable part of our [|ife i .ien auWrl oltihfi
through their fudarthen pwihtpha btedhotbmr ®l, ogyp or t s,
ageing, pfraosdheitdcrt viatdyd,s t o an extension il
gar ment sac¢mitwe iinnteer face between the env
concept of smart clothing has emerged out
i nc lduedveesl o pmeeanrta bdfe devices | i ke fiThese t
devices collect data as per program and t
t he Dbidddleahi nd smadeacl sthongepl ace an ex:
and incoer@oli@nstso iy¢l ot hi ng, el i mi kawhndg¢ei t



keeping the functionality requirement b e
wear abl e. The f uunncntoitoircaeld bpl éeet weamaibh e | o
regul ar piece of clothing. This gained at
under the name ASmart Clothingbo.

Smart Clsoheni ngtegrati on( mifnimitarmrcaeel efclterxoinkt

circandsimmunica¢howoal ogy with textile and
garment/ appar el function and participate
An el ectronic circuit i s embedded i n t |
mi crocontrollers or the control uni t, ac

stainlesspeswerel|l sowinmesi)cati on modul e and &
Connectiwvhityggowi tch odevices enhances its \
functionality laf i smaar tk ecyl oftehatnugr.e based
Communicatio-hi (NFC)lI,nt Wiwmiedh Pmakes ol t po
communication (as per requirement) in the
clothing and ®ewred otpane ntd e wifcesmar t wear a
i nnovation in the field of textile mater:i

conductive textilkéectwhichtyahycbohdueirtu

woven into it. As a key difference from u
and provide better drapability which is a
It provides a@ahdcti momreige at umat odnal i ties di
A breakthrough in the field of conductive
it to power al |l el ectronic component s I
communication modul es, display panels etc

Smart <clothing has found tampadkicregnoo es hiea
moni t ortiinmgyhoeuasbonh mmana&aorngg specific medi
me di c¢diad g ntoesliesmechi ci @@y yr onment, dli f psoOylet ial

convensemnwreisted d ards e, sportswear, sl eepwe
entertainment, daily libBedasmanyhemwmeei §omr
growing interest I n smart clothing partd.i

becawfseits capacity to record and track
particularly the data support which it pr
professionals to reach to an accurate di

fasctrel ated to the condition. Lifestyl e |

10



stress recovery is of ameéeeresgdl ved ifashec

equi pped appar el manufacturing in coll abi
Currently there are problems and chall eng
efficiency, mai nt enance, cost , consumer &

smart clothing but research and iunntdeerrdi sc

progress to find out appropriate agelsuti or

Once it matures, It has a potenti al to r
clothing and our interaction with extern
synchronized in a digital worl d.

1. Revel opment of a Concept for the Prese

Af ter an aonfaltghaemadt iacsipeclh daclkd adbdwnCdartref ntthe

State of Textile and Apparel |l ndustry, Er
Appar el |l ndustry, Shift in Consumer Expec
conovapevelfoped he present st.ddhye Wphiesk nits tj
are wishgesefngant environmental damage an
The apparel produced are not only har mi.

espkecyasynt het iamdc Hamiicadli nagy ecedpetimi abser bec
skin and cause health ,coenppectadt iomrs. anidde
sustainable clothing solutions that ar e
increase in health consciousness is being
t he COVI D Peaompd eemincow expect having health
Addi ng oint ot adhays',s era of devel opment , p
partici patboghi nnliterms of <c¢clothing desi
design, people want their clothing to be
be adapted trequieicmMhireinsa st ycloemes t o functi
clothing to be participating in their | i
requirement by integrating technology to
wor®onsi deriisnga,lat ocgoentcheeprt for the agrhesent
deveéeopmof s mahritc hc |aatrdiviiensgsrerment al amd heal
t hat foll ows the. | THhHidess tlyd een od o ntshied ewesar ear
opportunityAfsorhengapabeobween apparel and

this concept brings forward an opportuni

11



of fering solutions that are not just | i mi

and environmentally conscious at the same
l1.G@Gontextualizing the Developed Concept
The focus of concept developed in the pr

dependent diabetic popul at iTohne, dtehvee |toaprngeent
sustainabl eresmpohtei bohi hgstyle reguireme
of fering saoabutaioabl ehan terms of environm
and are also in line with DRDihebeaetegauiirse me nd
that arises as a result of1l)noo rprrbsdaicttioca ne n
production of insulin hormone/ ins2ylin r
(Worl d Health .Orgadeteatisennpon. ddi mited to
types, there are seVeiyaple dtytpeed D3tcy,ptes. | b Kkt
maj ority cases are of Type 1 or | 2i.en Whhaet e v
i mproper generation and storage olfne@einargy
is claimed to become the( "DMEBOFENDICAPCOI
2022)PeloipMieng dnistohr dtehri sar ed i parbeestd rci bderdu gasn toi
therapy or a mix of( bioabhe taessT hlkl, esheavaegr atlr e e
obstacles to overcome and some of them a
and strict adherence tpor ensacimei bae dtebwe ea & sne n o

dependent diabetics, who are in focus f ol
and schetdelt edl sdoisnagreesquisr ecdr uci al to main
sugar control irrespecti,jsweiafl wldarnte nighevyr
are doing at that time. Fail ur e tuontfiomell oyw
dosages due to any reason) results in abr
up to | ife threatening conditionsamaed bot |
mi sunderad andii amtgesd wi th the usage of insul
study is an effort to address and ease ou
interventions, communi cati on technol ogy,
comprome saagthéatic el ement. om dli mtehiwngd h

develgapenmkent s are also supposed to give t|
heal i ngnaefwielclt al so actf dgamreatnh ee x4 @ s il ti inwee

targeted popul ati on.

12



1. Broblem Statement and Research Gap

There are continuous ongoing research an

i ndustry for development of smart c¢l ot hi |

area of clothing that iI's sustainabl e, pr
adwend is not much explored partedcedarigr
curopéherings are focused on general healt
in clothing that can ease our dailtyw i fe
support has been i dentified. The researct

smart technol ogy, diabetic heal t hlT hseurpepor t
are development undergoing in these areas
targeted population of this study has no
research to explthohreset lie el isegmatoi @meofcon:

for creating a user cemdpulcatcilon hing desi

Problem St &aDemehtop me stmawlftotshuisn @i fnarbliens ul

di abeticso

1. Gbjecdafi vtelse study

|l . To study the problems of insulin depen

|l 1 .To select various fabrics which can be
peopl e.

Il 11 To create garments wusing different des
access to common injection sites.

|l V.To use the concept of smart <clothing
injection sites on selected gar ments
injection time, frequency, and site se

V. To evaluate the smart garment system b

in performance, wearability and mainte

1. Belmi tations

| . The study will be | imited to Insulin D
Il I .Sampl es who have reported Neuro/ psych

the sense of reality of a person have

13



Il TEvaluation of the developed gar ment wi

aesthetics, accuracy in performance, W
Il V.Smart c¢clothing for this study is |imit
V. Smart Gar ment wi || becaswmalt ededo & mdnad

1. Hypot hesi s

St atement ofy) -Depotgme nigs ahld construction

people using insulimifidr rceisabet esn meonma g &
injection time, site selection and freque
Nul |l HypdiDeessigmni(nf and constr petoipdbre afsi @

instibrndi abet evs§ lthamayemaeammt i mpact on monit

time, site selection and frequency.

1.8i.gnificance of the study

The proposed refsRavelhowoerkt taft | udst ai nabl
|l nsulin Dependent Diabeticso i s aimed at

di abetic people through smart cliondiamgdt o
|l ife satisfaction. Problems have been ide
which can be found enli sNetd alnl td&n ulpe o md

clothing because of their medi csalmannayt uarse

possible. Nature of probl ems tihe smhpesiidsal
psychological issues. Human is a social ¢
| arge proportion of our |lives. Any |ifest
being foll owed nswymddetre owfr peopl e cifeaatme a ¢

the majoriaoary @®opuhwanbobaed omadrikli fafc uil d gn tiist )
adjusted with the new requiseemamids hefal It ihf
many people which needs to be brought in
due to busy schedul es, soci al roles and r
from being problem focueebdeeaddntoobppal abe
|l ife decisions and increase efficiency I
benefits from the outcome of this work it
on minor <Lwhjte aitue fufsperddeva Idiedg by Her bal Dy

enrich the | argest organ of the body, [
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devel oped will al so be taken care of as
considering the devastating effects of p
industry. Textile and fashion pollution h
cd othing is going to be O6SMARTO6 counting &
wi || result i n a technology enabl ed S ma
aesthetically pleasing on the norms of f a

tget population providing comfort and fun

1. Working Definitions

a.Basal-BBesé¢ insulin works consistently
background to keep blood glucose | evel
injecting basal insulin is called as a
b.Bol us-Ibesuué in dose taken specifically a
a bolus dose (Editorial, 2021).
c.Smartl tPens a reusable insulin injecti
insulin dose injected with its timint¢
Bl uetooth (depends wupon pen model anc
(Medtronic).

d.CGMI't i s a device used to measure bl oo

people on a continual -abasseinss.orl tplcaocnesdi s
skin, a transmitter to transmit blood
ti me emai wmemr that receives the data ani
readabl e form. Over traditional prick
continuous data to observe patterns or
ti4n®d ange ( VAokuinndeadtiiao n) .

e.Ti Aen anigled e al bl ood sugar l evel s/ targ

person are defined by the health care

bl ood sugar |l evels are maintai-nhad wit
range. It i sma. mdlaserehefti me in range
contr ol

f . Mistiming Insulin Dose: Not taking an
taking it earlier or |l ater. It can be

g.Masked -Mdeaeskiong a CGM means not maki n

(measured by CGM) avail able to the su

15



dependent on the blood glucose | evel s.

research purpose. The time period for
called the Masked Period.

.Hb Adlct is also called glycated hemogl
hemogl obin A1C or HbAlc. It provides
over the past 3 months (Mayo Clinic).
.Seri al Peri pherial al nmptreortfoaccod: f or dat a

bet ween microcontro(periphdrabashectedf
communication between twosbavenor el atei
Mi crocontroll er reserves the dnawitee. po
(Heat heeHa®DPkeweg, 2022)
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CHAPTER REVI EW OF LI TERATU

This chapter is awoekisewhat priver beemoldan
or indirectly related to the present stud
of nat urper eovfidomsd yand highlights Ashewescop
move forward towards reviewing I|iteratur
clothing for i nsyarnmnt eheapse nbdeeehnb nhaadaeb e Cir © €
knowl edge about key aspects diassdu stsheedi ri
cont exownatfloe apn esTenrtkembaudy havei hodbeakekrypg

Smart Clothing for healthcar e, arSdpsetcaiifniacbi

needs and challenges of target popul ati c
available solutions. The rkewwiwd vealkgaechst t o
t hstsudy. A sequence for review of rel eva
provided as foll ows.

21. Environmental | mpact of Textile and Ap

22. Health I mplications of Synthetic Cloth
23. Sustai nalmlned MHesahitdin Focused Clothing

23. 1Shi ft Soswtnadsabil ity in Clothing
23. 2Natur al , Health focused Her bal Dy es
24 Advancements in Clothing

24. 1Technol ogy I ntegration
24. 2Communi cation and TechnolDoagiiyi @ CIl o
Assi stance
25 I nsulin DepenRireetal Binaleet edeal t h Chall
| mportance of managing these challenge

26. Exi sSmawrgt Cl ot hing and Devices for Dia

Review has beemabdmaret isoesnepe npge ddmaerdt ed i n

chapter.

17



2. Revi ews Eehatredmeat al | mpact of Textil
|l ndustry (Bpaci iatpeodl d asuysndoine X tacnl de s ,
chemical dyes)

TexandeApmpmawuslt ry,i @i atg @lpemaleriseve®l every
this earth. W th a massive positivaen i mpac
eqgulygl or e vreeng agtrievaet eirmpact . Ho nZityhae GQCeznevki r(o2n
highlight the huge amounts of resources
chemicals involved, environment footprint
andonsider curresntstpiaabieeanadsdenri ment a
raised for wurgent action and mcinfat uroadara
bi odegradabl e raw material has been advoc
(Ozek, 2017).

Current textile and ampmdmrelbuitd gsfit rog lugpht al
emi sGUMNNEnvironment amrdogreasmmes,d 2AGEGY s ugge
of globa(Ureimiedi Nadfi ogirse e ROAW) 8 gaxpeed ed
reach to3B0&Mdgel2O0et5@%.aq npar )esti mate a
website of( TWoe |WorBadn&Ban k,pt 20BN )% raasmepweorr k
Convention onMEhdmatei delot géd yncaupes of t
raw materidybepmngdsdht ingnof fabric materi al
di spdaMEASURI NG FASHIe@MNG t by Quaehit sohant e
textile dyeing and finishing reserving fi
activity wise distribution of contributi
and apparel i ndustry. rFkyrotriterd, tyoarcno nprre pa
and fibre produQuaonni byl a6 eépASEHMbhAI MARTL
2024)

Most of the water consumption in textile
processing (bleaching, Thyeitreg,t i gerdi hrsteicdt @)r
in degrading water in the year 2020 and
cl ean wat(esrocgleawyatlh2yg 2X)t i | e dyeing activit
of pol | WtUNngenwatreornment Pr ogr amme, 2018) .
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Lellis entendlion 2@1®ase of untreated effl u
the reason for major part of the environi
the total emi ssions release by this indus
t hi swawhaetedi scharged out, it has been fou
hi ghly sol ubl e or g#miod e @ roang alHnesssen adfrug eea n
compowames maj onaldye mdeomre mi cal dyes., Dtukeeitro
separ datiifdarcdidittt astrebeaned water stream
from the visually unpleadaciesg seififhe gth gdp evnae
surface of water bpHbHygtosystahgeas deaddlceasel
oxXxygen ri ens wladtiiegrigi afidivcearnste on t he | ife and s
Damaging the quality of water, the dyes
bi omagni ficati onthas hwghmoveérbpWwacds evels
heavy metals (knownatdéonbeiway ¢ art oi ntohgee n

Wast ewater cont ai amentgalmedyad s )i omass (csoopuprecre,

metals | i ke chromium in unacceptabl e amou
and accumul ates in theiar ganmsissumess,. tlhhme steh ed
toxi c, di sease causing, @QkEkmatajkxi atAad. ca

Tohamy et( Lalang 2Bt r ad2 OMd/ntailloni ”@® 19i) mi |
about water quality damagho Ickaaurs eedth bayle.t,e x(t:
el aborated the pollutants released at di

summari zed here.

Tab2 ePol Iretl ®datsteddi f f e rteenxtt isltea gperso ceefs si ng

Name of Associated Polluta

.| Sodium Hydroxide, chemical
Scouri . . . .

for increasing wettimhagilps o

Bl eachi Hydrogen Peroxide, Sodi

Dyeing Dy e, Met al i ons, Salts

: : Formal dehyde, Solvents, U

Printi .
residues
Finish Softenet s, RFel sniinsgh,i nSgo | cvheen

Thi s rwactheri n chewheal upedl tbant srigati on,
soil microbiedtaamleicelsisrag yb daloada g a taif o eekcgisl

pl ant growt h. Extreme effects may be not e
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er 15000 chemical s ar e wusheedgifnbnni nage st u dt ¢
nduct edMiumidstrr yt haef thé KEMVMVI Sovehesth, CHRY
ency, 205%50) chemi calry eundeerger csd aulsdds eesd and

e m nwefredki gh r i sk tforrdeg smmadn rheecatl tdhy e(s, br or

retardant s pshttahian eapteepsd b § MNu 8 nti o ikn. g ee al . ,
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Sy
toi
ol
us
ga
el
bi
Mi
i s
Da
| e
f o
Ma

rkiomg etosystem is a result okl ayedhsab
stems. Any toxin or hazardous clgemisc al
rcul attecdavicamgicgldg lcalt. iSapmaec | ogi c applies
texti lendhreaod watli ogb bbati espreAd of thes
t edGriey Peters ast palesel(i @6 1) fluoropo
terproofing textiles) in the bodies of
cat Noinsi m2kiamed even (20 0pl aceRagquoéd ¢ei -

., pARkdmptgiree si ve an ricnupg aactti ofnaranlda.r ger t

i ni m2a2ki neentanlomne(ads@a@dinm oa s d napsha joomr cause
ri se in environment al i mpac(tc o ulmhiesd i n
annyabk peasejsected to double by 2030. T
othing production has doubled from what
perfciepwrte dudcedbiystheedpppar €INi i onli ont@tkiingt
2M)wor ser picture is presented by the f
textiles manuf actauyretdhetni ct haen dy epaarr t2 Ocl
nthetic fi br emsada,d fgracbpdrcesd atrher annaghh ¢ h e |
mes frodmapetr amhéemi al . Nyl on, Pol yest el

efin are the major synthetic.fiThereee mad

ed for manufacturing gar ment s, SWi m Wwe
rment s, et c. Synthetic fibres/fabrics
asticity and in short overal/l pe-nf or ma
odegradabl e nature and energy i ntensi Ve

cr opll oxmntgo wgiotihng s anomdplkasobinc pollution a
sues associ athed hwiwtiH | s yret heetvii esved aheac
ta r eploerxtted eb yE x ecphraonfgiet, oai gralonnpad wiesn er
ading the proportigbdobvwaiftilhy od ashdridraefs D4
|l l owed byTaytliolnhe ( BEXagnhda nagse , p 2r0 28yY)ynt het i c
rket Report 2023, the consumption of po
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by the (eldhre BUuXxI ness ResearComsiCdepang, o
synt hetsieqg nfeintagleysest er dominates it too by

70% . hi s data <clearly indicates the i1ncre
synt thiebtiheuss resulting I n negative i mpact ¢
The Council of Fashmemt iDers i pganléyr ebsaiiseerd Aamse d i
of pdtehsatti possi bly takes malrte haanbdd®d wymem
to be more efficient in dyeing in terms
production as compared to natur al fabri cs

environment f ade@uoottitnegt wesdsposi ctcovesi |,
iDuring production, facilities produci
have a high probability of causing env
heavy metalchemacal s oxiTbe washing and
contributes to a significant amount of
toxic chemicpadlsl,utainodn p(lians ttihce f or m of
spills related to the extr acttirameann at
effects on groundwater, o(Mada&nms ., al and nd:!
Resources n. dCHDA

Nitrous Oxide gas, an air poll utant, re
synthetics is about 300 times more capabl
to carbon dioxiS3ynt laetgir@ee nlhiolues en yglasn, pol
petroleum derived plastics. They shed out

at production stageVaorn oosnsumarni easdapha:

towards estimating this Arouaoapg!| 85t pealcehe

mi croplastic release in the oy¢yetlfidiNiNas be
202Ra1 f million tonnes of microplastic pa
of synthetic textiles alone. This figure

acti(wintit ed NaamadnwherO0OlBgested by marine
Astarvation, endocrine disruptioqdWowstunt e
di gesti vEeUrmsiytseadke mdadt i ons, 2019)

A study conducted on wast enwatteed aftb isgpuvrea ¢
mi | Imiacm opl asti cr epladaasiieddye s ebh @ihny percent
text{Mas®n etThhdse RaOrltéi)cl es reach freshwa
enter the bodi esndoWwWaynidvo ngherg@mpkimgatamyg
& Te RBraaggnhia , M@0 2t)han mil |l ion tonnes of pl a
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of oaeadh&Ribs 50 | akh tonnes ofarmomei migc mdp
up to this figurEaurmmeam &mmnu alo nlkreemnits nAlgye n
' imiting theitrtbupr €@ shheen cpe eisre nwat eorf, synt het
als®een detected( Buvueanj n20a8 nwater

Recent developmeheée sphewvemc sadait dteed and mor
ANahapgot inc svBli ey . come ianst oa erxd suletn teff r ohme dad
plastic based materi al or bylfrreragme ptr &tsieda
the envinobomsmal |l er ra&naml|l aestt iabli.ma n20i 20d4h)e <
microplastics falls Wmthiamdthdataodge nahof
the randg®0ohnhmiloa.GQGEHASA CONTAM Panel [ EFS
Contaminants in t.NenbpbdsChasnh)e 2aAapébhl e

reverse osmosi s membr anes uan cc seoctoenrdiumcg ehd
organi shmasv,e tbheeeymv @etundnvol ved in the devel
i ncrement i n t he risk of (Mhevelpamiimctg ORa
Nanoplastics? | Of fiMceGifldr USdnveslr.c9d taynd So

Theredoaueent arysewt lemnmice st @t i haesloapsetiincg t

partriedleeagad@meashi ng acti {iyapwgaedtd. abrasioal

2. Realltmpl i cati ons of, SGhanrieddlcs BDd/red hS ynmt

Studies exploring der mal absorption of c
increase in concentration of chemicals ir
strong possibility of dermal absorption.
|l onger periods, chemicals are absorbed t

sweaactcumul ated on skin surface p(r®wvawam,g t
n. dBhall aLbel201s7 )etl iaslt. t(h2e0 1e9fbf)ect of synt
human heal th whi ch imeli,0 e O @dpeu maatt ii v ii tsi, s
occupationardg axt hmavo(f dkeeis) , chemical cCys
digestive, respi r aMaonrzyo oa n d& rSehmearhn apoi(roab0l 1e9m)
ul cer s, dermati ti s, skin aggravation harg
component of synthetic dyes. Respiratory
partict¢lesde snifflingSingrheaz h&n@halifdédi Sul
menti on \[fionpleiad gloigt iws t h the skin pitgbl ems

menti shed$yest emi ¢ probl ems menendaoedi nbey
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di struptioprobépmesdubemadache, body pain,

and breathing difficulties. Since absorp
synthetic clothing, accumul ation of sweat
for infectdrombesautsa ndggevrel op and i nfect th
Responding to the Medical Express, t ext
Lecturer, Vanessa Mardirossian mentions 6

solution entering the water bodies as po
genotnoexuirco,t oxi ¢, mutagenic, carcinogen, el
human body through direct exposure or cir
|l ays stress on the revitalization of natu
syethc dyes, bi oo lmaeatsi magna ppd rteeacmhattiore f or
ecosystem and(Q&At Reskeangchernbgeaveil s the

with Synthetim. dapric Dyes

Referring to the year 2011 case where 800
throat troubles as a result of wearing ne
Praméeke@dd@d23) mention the effects of the e
met al and dye mol ecul e to humlbrm m ady .a nRle :
Copper as a causative eagemrmdftocriiesnkg ana maddive;
Lead | eading to neur oldoigsiccaall o relaetdieqegnt e b | €mg
sent.i vVAlItoyng wit h-At hasber Bvsphedohs BPA, i s
di sraptdoi s wused for dye fixation in poly
concentration of 40 times more than the a
sport s vWwearsrl eln o wmreadnMex i ¢ Textil es: Potent |
Associated with Toxi 20€Be&micals in Clothi

A study has found textile finishes | mpar:
responsi ble for mdoveoBBiedbtyaaf éeeltti i nggsiknns

and thus resulting i(MRowvkirm & PDoand exgg ogn & 0d

Mi cropl adldnaep |l airsdoimc ssynt heti c textares ar
particul aralsy ac gonod d runtiamg whi ch I s present
For the purpose omf |gtvu chyi rbgeiintgs, ed$néde estpael c
studies have been conducted worl dwide. A

from Rutgers University, New Jersey ai med
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of nanoplastics entering via respiration
exposed to nanoplastic particles resultec
the lungs, reach the heart and €veoethse d
wemraicwar the possibsl mokaofreodmemaen de d¢
al fdew Research i n t he Net her |l ands: Syni
Production -Bfattung SebpmBbdundati on

To study tsthhe desf fodmitscyr nadffhi ebteircs of nyl on and
l ungs, scientists from Univer sictoyndafct@rdor
experiments on stem cell generated |l ungs.
for this study has been cited as their ab

i ndoor air .

Results uncover the quantum of depositior
that were also found to hinder the produ
cell s. Scientific evidences of penetrat.
diegti ve tract cells have been reported
di seasesanidn iarnguanres cMil ¢ r dplsdsnices omand nano
wi t h e nddioscrrucphte nmigc al s, have also been no
devel opment threats to chi(NdweResaarahl iyr
Net her |l ands: Synthetic Clothing-HWFliadstrisc | r
Soup FounebgthiCo CLOTHES MAKE .US SI CK?, n. d.
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Nanopl astic part
brain barriers a

Mi cropl astic 8

Il nhal ed part C I -
i mmune syste - pa tIC etsh e :
deposited in system roug

i nhal ati on

N

Mi cropl asti
Nanopl astic
in lungs

Pl astic
the bl oo

Mi cropl a:
stool s,
pl acent a
studi es

Nanopl ast.i
penetrati:
skin

FighhEgtent odf eMiprocsau raeenwdi tNa nnp | hausnmainc sb o d

Sources Dof CDW& he s UsF aSsihc ko?n Fi ber ssAAnd Hu
Report by PlastiUoi $edp NRouodat Eaoni &onment
From PollutioAd dloobSdl uAsisoenss ment Of Mar i
Pollution. Unep, Nairobi, 2021, P. 35
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2.8ustainabdred Fds#&li olm Focused CIl ot hing

2.3Shift Bauwaradsmabil ity in Clothing
Dangelico et al. condluT tehamgisntgidsyu gtiail rea
behaviour? A survey of I talian consumer
purchasing habits of consumer specially a
beenrwvbdeby t hem. The effect of pandemic
awareness towards sustainability, i mpact

their conduct can contribute towards envi
behavi oucrissiaomses deowards purchasing sustai
2022) .

The study9" COvWipbBct on Consumer Behavior i

Tzaviedn ai nvecsftitglae i omanges in fashion con
the pandemic. A growth has been observed
soci al and enyidomgmemnmntzalt i oal aemsl contact |

Digitization has been found to gain momen
increase in such interactions is evident.
undeodtto comprehend an overall | arger mc

fashion practi elsz aazred | cagn LWRPL)I on.

Almproving Society and the Planet: Sustainability and FashionHRostemio looks

atthe effect of COVIDB19 on the fashion consumer behaviour #radr sustainability

drive. According to the report, the pandemic may be a driving force towards a cultural
movementor sustainable consumptionhe studyhighlights the difficulties in making

the shift to sustainable consumer practices by identifying discrepancies between stated
sustainablebehavioursand real purchase patterns using qualitative analysis from
consumer surveys. The study also examines the impact that positive psygsiaiegy

in promoting sustainable decisions. It makes an argument that using positive messaging
in marketing campaigns could encourage lemgn shifts in consumebehaviour

toward more enviromert friendly fashion practiceand suggests a rising consensus

towards implementing sustainable fashion practi(&stbel et al., 2023)

A closer examination of consumer attitudes has been found documenteédins t udy
"SIl ow Fashion Trends: Are Cons Bmérasvi Wiulrl i
t o Become Mo r.€he Sudsexporesitiaelpherohénon of slow fashion in
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greater detail and evaluates how ready consumers are to change their purchasing habits
to be more environmentally friendly. It highlights the fashion industry's substantial
environmental impact and talks about how slow fashion emerged in response to
consuner demand for more ethical and sustainable business metAdds.
studyinvestigates the inclination of consumers towards slow fashion, emphasizing the
obstacles and prospects that enterprises face when they try to conform to sustainable
principles. This stdy provides insightabouthow the market for sustainable fashion is
emergingdue to the changén customer views toward slow fashion and their
willingness to change their buying habitscreasing number of people are of the view

that slowing down of the fashion cycles and the entire sygevery important to
prevent the degradation of the environment and public h@&lith study helps highlight

the pros of fAslow fashion movemento to t
that theyadapt to the fdors that matter to the consumer$e increasing value of
sustainability and awareness of environmental impact in consumers' eyes leads to
naturefriendly companie$®eing able to chargmoreto meet thencreasegroduction

cost oftheir productgCastreLopez et al., 2021)

Maj or consumers of the fashion industry
born between 1981 and 2012. Mil |l ennials

f

[
(

raised during the tdmancemeapsamnuddebhintpd oa

hifts. Known to have concerns about SsoCcCi

apacity to shape consumer trends and dr

S
c
di ver se rienc en avtewdr eeexposure to technology
k

nowrbefifoarg broadmi nded in social values ar

soci alA isstsuudeys on per ceptdeonnesr aan d nmaoZt iavnadt i\

regarding purchase iofdisas$tedi ntabbdte wHiolteh

preferences specific to their respective

their purchases being environmentally sus
t hdet fferences in preferences, the study f
fashi omtsttanteenwi | | enni als seek affordabil
found to be more concerned with the incr

practices, on the other hand Mi [(Maglayni al s
et al., 2023)Despite differences, both ultimately support a notion for shift in demand

towards sustainability in clothing.
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Il n similar context, the study AConsumer
|l ndi anso has b e e aboutithedkeowledgek amadbuying bebkaviar dfy
Indian populationtowards sustainability in clothing. The survey was conducted in
Chennai and Bangalore covering 460 respondents. The findings indicate significant
impact on knowledge, attitude and perception on purchasing deciéidhs y phena &
Aram, 2023)

At global level, organisations involving representations form multiple countries are
taking initiatives towardgncreasing awareness and action within the fashion industry
towards reducing environmental impacts and fostering ethical labor praétgése
clothing, textile, fashion industry faces criticism forridde in carbon emissions, water
pollution, and waste, alongside the dire working conditions often found in textile
manufacturingglobal organisations such B8 Alliance for Sustainable Fashiamd

the Fashion Industry Charter for Climate Action represgliingness, concrete efforts

and actiorin ordertackle these issues, promoting a shift towards more sustainable and
healthconscious practices, including the use of natural and herbal dyes. These efforts
highlight a growing commitment to sustainability that not only addresses environmental
concerns bualso prioritizes health and safety, marking a significant transition in how
clothing is produced and valug&nvironmental Sustainability in the Fashion Industry

T Geneva Environment Netwonk.d.)

The above reviewed studies aeidence of growing awareness and shift towards
sustainability. The notion is pushed forward by the changes in mindset of consumer
induced by the COVID pandemic. Factors such as digital marketing and awareness
campaigns, role of younger generations, glamainectivity are promoting alignment

of production and consumption with environmental requirements towards a sustainable

future.

2. 3Natur al , Heal th focused Her bal Dy es

l't is hard to imagine | ife without <col ors
i mparting colors onto them. DPashtionthaeadhe

pol |l uttiooxi canedf fects of synthetic dyes whi
times for textile coloration, a demand f
toxic natur al dyes is witnessing an upsut
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sustainable solution which provide added

|l i ke UV protection, antimicrobial activit
are categorized into 3 types on -tPha&nthasi s
Ani mal and Mineral. Mi ner al Dyes are foul

useChungkrang & Bhuyan, 2020)

Moving on to plants and ani mals as sour CcE€
her bs, are of particular interest for us:
properti eBajAd i e x t2i0l0eds)

I n I ndia, herbal dyed cl| bd hworgd imsatriefertre
| anguage which means #dALife Clotho. It S
practice deswglnlelmd ifrodne oweamaét. Mentioning

abssome whrtveoimes i n contact (Wiytoh hii tr mati h &

Sasmita Paenxgpd,ai 20he&)al i ng mechanism of he
release of medicinal qualities of herbs w
genewedll bei ng, herbs and their tail ored

treat ment of di sorders and di seases are

treatment facilities. Sever al herbs al ong
i ntoaltrmiec fin the process of dyeing have
espedioal Isskin ail ments have been obtained
efficacy of these textiles. Some drawback
spelcicare in | aundry, slow results and con
found mentioned.

I n tune to the results regarding the orioc
of herbal (Myedchaebherbemjadd& Sheaskurceflt
bar k, |l eaves, stem, roots, and parts of s
t o siwseaanot her I ssue reported by them whi
it em.

Anupama Mishra & Sapodae@atcttheam"AP@P20)xati on

Her bal Textiles". Their study is a compre
dyes and her bal finishes in the textile
applications, anadalfuoeutel pet bavieabeeh Hdeées

noteworthy role they play inThiphosdudy sh
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|l ight on the positive healt Ben asptaecns sf roofm w
the respective herb Rbbat bD§ beseaethantagt eigei |
and alleviating various health condition:
sl eeping disorder s ,haawred bleleandAdhdmreas s werge hies
textiles as 06Second Skindé, the study sugc¢
to enhance skinds ability to blporcokt etcax ivnes
guality contributing to betterment in ger
applications and benefits of her bal t ex

advocating a netedsaeadchmpodtanonevation in

Si mi IDar | Kaanchan Bal a an(d2 ODlr9e xddllhmee kered i 4 sR.
of tr aAdyiutriveerdalc practices and ihnertbhaeli rt rsetat
"Rol e of Ayurveda@aheéenstSkdwn élmpbaédi z2d0omet |

mi ner al sas amar tf adfs hol i stic approach foll
purpose of skin care. The result ampt tios n¢
overall wel |l being of the body. |l ncorpor a

pur pospersodauadi sbe andus t satl &t eenrnbalt e hvbems € d |
products. A potenti al regarding innovati
dyeing has al s(oBaleae n& hDavhd,i g2hh 1led).

Common sources of natur al dye are tur mer
pomegr(aKuamaer et.Cansi de&r0i2rig particularly h
f ab-rNeem, l ndi go, Myr obal am, Sea Salt, F
Jaggery, Cow Urind GoAlgl = UBladPain tea sBhridsphd b )
Wo o d , Catechu, QalJsytootrh i@ima,i Turé&meSadkamiada, P
Gol den Champ#Mar Ggal d Blu@pcbaeher homj | & So
Eucal yptus, Ann(aSatnot,i a\Wyeol de & v\&polabde e 2 02& )y n d
mentioned as sources of dyes.

The study "Ethnomedicinal Pl ants Used f «
Probl ems iEmstle nNdHitlh Region of I ndia" h
26 plant species from various families us
theirndeptoperties. These plants have be
conditions | ike soreness in skin, infl am
uri nartyumoruarcst,, di abetes, parasite infect.i

30



probl emse study is a revival of indigenou
potential for health benefits to individu
with these nfeDdAiScientalalpl,a n2t0s2.2)

After going through exntkeasevVéeti $sepndt did
MaddeRubi a Caonmdli PomdRaumincaa epbwernea t dilono s é m e

devel opment of c¢clothing for Diabetic popu
and advantages of these two has bebaipres

sel efcdi omhe present study.
MaddeRubi a Cordifolia)

Study Rhytleahefmi cal Characterizati dey atAin
Propertiesondi fRoubiaa L. Extracts Prepar e
Condiot ibbynnsb ar e etopalns @E22G6Z2)Dbi l i ties for |
textil essusat diannddeiall it thy cent r i eslehp psr csa awhd yf a
an investigation -pamdc¢ercupraopegrtiingo,-tthrei rag
oxi dant properties of extracts obtained

highlights i mportance of methods of extra
of dyes obtained. Rubia Cordifolia, ment i
secondary-Redwdbodurtpwnri n amas sMassisgnmdgd g ecrawnit
medi ci nal val ag, amptaira x icdd mptr loya in dag reamritti iv e

|l denti fication of these compoMSBdeanhhysei H
Pseudopurpurin found in the roots of madd
agood option for textile dyeing. Mor i ndarg
SsugQpetght etxhe acts obtained from madder r oo
with it.

AA Review on Indian Madder as a Useful Hepnbvides valuable informatioon the
medicinal properties of Indian Madder (ManjishtHaprovidesdetals aboutts use in
Ayurvedic medicine. The review highlights the diverse uses of Indian Madder in
skincare andarious other aspects ofiman healthManjishthais found inhilly areas

near watebodies. In ayurvedatiis known toimprove skin quality, treat acnpimples
freckles, discoloration, and address pitta dosha imbalaticessalso known for its
beneficial effects on the healing of woundse therapeutic properties of Indian

Madder are welrecognized for its aninflammatory, antimicrobial, antaging, ant
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acne, antdiabetic, and aninutagenic effect§Dudhe et al., 2023Yextiles dyed with
Indian Madder may transfer these benefits to the wearer offering aesthetic value along
with potential therapeutic effects due to these applications being highlighted. These
features make Indian madder a promising option for use in haybdltextiles which
can contribute towards healthier skin conditions and potentially aid treatment of various

skin diseases.

SchmRrdzewoTna eattudi edN@a@ov&) f@and safe dye
clothindgoirntparidedt ssuwi nlg déomaeesdyed wi-

herblsi s study, carried out by a research
and Medicinal Pl ant s-Kioh opariCion e rasnhdi pt hvei tUlh
Technol ogy G-d¥, i nvestigates t he fusio
contempor anrdy emevalrtommant al requi rements.
research i nclude French M&r egoiwded Mabde
Camomil e, Dyer's coreopsi s, Coreopsi s,

findings, samples colored with Madder sh
exposed to I|ight. I n additions dgeds wi oh
Madder i ndicated decreased bacteria acti
di splayed positive effects on damaged sk
associated with naturally dyed fabnics.
di sorders demonstrated enh-dmadmantnsg iimpt
moi sture |l evels and textur e, aasf twerl |weaasr isr
clothing dyed wusing natur al extractsveThi
effects from wearing garments col ored wit
with Madder, based on its significance i

The sBudgct'ive and MultifubasednMaddext iD
Characterization of UV ProteekpborAbi mady

dye for its colour effect, durability, UV

Polyester fabric has been used for this

findings of the study whi oo bdludlys mpe ®i als

Regarding Color Performance and Durabiltjadder dye was discovered to produce

a bold yellow/orange hue on polyester fabiiiests revealed good colour fastness
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strong resistance against light exposure, as well as outstanding resilience to washing

andrubbing Col our and durability of dyed fabr

Regarding UV Protection Enhancemehte madder dyed has been noted to improve

UV protection action of the textile when used at a concentration of 3% by weight. This

provides added advantage in addition to health benefits that the dye provides.

Regarding Antibacterial Activity Sample dyed with madder dye demonstrated

significant antibacterial activity of 86% against both Staphylococcus aureus and
Escherichia coli as compared to sample not dyed with madder dye. Thisvisiance
of medicinal properties of madder dyed fabric.

These findings present madder as strong, naturally soaratstialfor enhancing the
functional qualities of fabricsThe results open new avenues for development of

sustainable and biologically active textil@gnhage et al., 2017)

Santiago ettual ed( 2Ch3pmatic and Medicina

Textile Dyes: A Review of Eucal ypiThey Wel
me ntdiyoen deri ved froowe&k@owadder plkantstr on/
characteristics, which ar e ¢ onnmsoirddearnatbsl ya ra
utilized. Thesd roaqgretrs faixatimnt md dyes o
amplifying the dyed fabric's antibacteri a

of madder dye to be an outcome of release
the bacteri adndoevli Idgywahalddeér i ¢ with dist.i

gualities. The efficacy of these propert
structure of the madder dye, which can 1in
functionstandnteaeadsed bacteri al reduction
wi t h dye <concentrations. Beyond i ts ant
recogni zed for providing uv protection,
Furthermore, matdidexi dywmtr earkd ba ptsioper ti es,
invaluabl e asset not only for its colorat
fabric functionalities that promote healt
underscores smgadcddén caygte' sol e I n creating

aesthetically pleasi-bgi bgtamatd seskbenkeéalkila
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Pomegr Puaatiecea ¢granatum

The study "Pomegranate Peel Phytochemistr
Extraction, and Its Applic&tiingm: eA @d mpr(
focuses on multiple benefits of pomegrana
Traditionally being considered as a waste
of bioactive compga@aumdés.bi oacgalvlei €« oanpiod ,n de
aci d, puni cal agi n, .andheosteh e b i opahcyttiovceh e mD
responsi bhei doir-dafttsammatory, cardioprotec
antimicrobiTdle prodgeartt iad s.ofi mpaomed magn ahteea | g
ef fveec twoun ch alse allisrog beomegphoaéed peel has
to contain polyphenols and f | av otnhoriodusg hwh i

its topical application

Karim et coalnduckedl)experi ments on diabeti
created by pomegranate peel extract (in f
thickness of skin). Experi ment group was
wounds whi lugp owoanst rnoolt .grTone exper i niehnee con
experiment group displayed better wound c

healing as compared to the control group
resul ts i n favouextpamaegr ahhlit € @xeeér i men
pomegranate peel for promoting wound heal

Saeed etfalnd (PpOdm8granate to possess stro
are majorly responsiblbaiflati vessfuaessi oR]
sudy al sanit mfcll aungneaatndriymi cr obi al properties
the findings. opr evedi bupi dtmedyabaktsmn ir

for over al | health has been mentioned in

"Pomegranate Peel as a Source of Bi oacti
Physi ol ogi cal MoF ua tetxigpdl nbsh'e s bbyi oact i ve comp

pomegranate peel and their broad physiolo
as a functional Il ngredi ent due to its r
flavonoi ds, a.nd Mpwiem@ | ac shaepdsahead towart

bioactivity, the st pdekyléxplhaigms ptatbgth sppanmd

as a scatWveeger aflioceash si daantdi vree dsutcr ess  bi onm
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of fering protection Oxgaiartdtveoxitdatsisv ei sde
responsible for visible ageing lotf haxe a&lks
been tndoe retdnf | ammatory effects of pomegr ar
significantly reduice tmd@hbmthpbacyemaalkep:
have been mentioned which Saeedsienti.lalr. t(
Experimenting with different extraction
exhibit antibacteriaMadwdyanté#losnd danf®20ddo

To study the working mechanism of pomegr

infl ammati on pathway, particul arl y2 | ooki
( CO¥) , a key enzyme in the inflammatory
actionegrfanpaotme rind extract i Ho U sntfd ra menta t &

(204 7udi eidnf'lAsnmmat ory activity of Punica
extracts applied topically to ex vVvivo ski
in out of the body conditions. The resear
rnd extr actonsiexrmpiefriiomemttlayansg hf hadhemboosyrat
This effecti Bwahso uorbss earfvteedr appl i cation and
The study confirmed about skin penetrat.
pbyphenolic pompgnanat ef,riinddiexattrianggt t ha
infl ammatory effects are due to the direc

the ®Shiough this experi ment, the capabil
penetrate the skin and show anti infl amma
its topical use.

Anot her study presents the observed eff e

and cosmetic cream on neurologically medi
humans. The study noted reduction in infl
wh@articipated in the study also displ a:
presemame@r anat e as-i mfnl aeninfaetcotriyv ea gaenntti. Cr

confirmed t hei npfrleassnenmacteo royf, aannttii-px o mMamnitng a
consti{Haempnuda & Felemban, 2023)

Batista Da SstudiPetheglr an@g2@23Punica Gr ane
Healing: A Review dfo Brpadyi mpemegl altat i an
area of wound hheaaviei negx. a nRenseeda recxhiesrtsi ng r es
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use of pomegranate for treating skin woun
The paper discusses the mechanisms by whi
as the obstacles and prospecEsplfeaomratfiuotnur
wound healing activity, decr epaosliynpghelba t & ¢
flavonoi ds, and tannins in decreasing o0x
simithmameasi oMedetyal .St(u2ddi2e2s) on ani mal s

pomegranat e extract accel erates wound
epithelialization, coll agen formati on w I
presence in different types of wounds.

Bel ow ar e t he studi es t hat have f ocused

Pomegranate and its extracts.

The study "Protective Effects of Standar
Pol yphenol i c Extrrraadti aitre dU|Hurmeawns oStké pnt aFbi eb r ¢
the photoprotective properties of pomegr e
induced damage in human skin fibroblasts.
to protect from UV radiation effects, i
i Ml amma&tieomrxtract was wuses by the resear
wer e petrd ogtmedly di ffememstki oh d i Ba tosbtl vadsyt | &\

protective action, cells were exposed to
measuring the protection. It has been noc
showed | ess reduction i n number oanprafrierdmi n

bet weeiMm alhwd B, protection w&8s MRereteéeflkee o
species generated as a result of exposure
(Li sbeth et al., 2008)

The research study "Pomegranate as a Cosmeceutical Source: Pomegranate Fractions
Promote Proliferation and Procollagen Synthesis and Inhibit Matrix Metalloproteinase

1 Production in Human Skin Cells" aims to utilize the potential of pomegranate for skin
reguvenation and antging. Pomegranate seed oil has been observed to promote the
growth of epidermal keratinocytes, which could aid in thickening and repairing the
outer layer of skin. Additionally, extracts from pomegranate peel have demonstrated an
ability to encourage the production of type | procollagen and reduce-Mb#eretion

by dermal fibroblasts, thereby supporting the regeneration of the inner layers of skin.
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The research emphasizes the distinctive impacts of pomegranate constituents on various
layers of the skin, demonstrating that seed oil supports the regeneration of the outer
layer while peel extracts assist in repairing the inner layer. The distinct snpict
various parts of the pomegranate on the outer and inner layers of the skin create new
possibilities for specific therapies to addressdamaged or aging ski(Aslam et al.,

2006)

Both studies provide valuable insights into the use of skincare products derived from
pomegranate, focusing on UV protection and skin repair mechanissheth et al.

focus on the protective effects of pomegranate polyphenolics againshduved
damage, while Aslam et al. delve into a wide range of applications for pomegranate in
promoting skin cell growth and procollagen synthesis, as well as inhibiting -MAMP
production. These studies collectively emphasize the potential of pomegranate as a
natural and #ective ingredient in dermatological and cosmeceutical products that aim

to improve skin protection and rejuvenation.

The third study is to explore "Protecti v
UVBnedi ated Damage in Human Reconstitute
consi dpomegoanate juice, extractdearnidv eod |
produCMxs j(uPi ce, POMx extract, and pomegr at
reconst imoudtedeg i MM 0) whi ¢ h tihsrddaemd rasi ammalle
model similar to human skin. The aim ha:

i nhi bi tiimdgged VBar kers of DNA damage, prote
The products were applied in specific cor
skin for 1 hour bef ore exposure to UVB |
applicationt merthawi 6t h-dpoe@& gdanpatoeduct s S
reduckidomareBNA sd dalirmdyephot Fcagitm@r more, t hes
al Sbaring similarit(yLiwibtehh ht rpe tdatiiuadysm@gs0 89
hi ghlights the pedteentvieadl pofodpaemegriain apreot
agai nsitnduMcBed damage through(®Ahagreéantal oxi

These sevidewmc@goei tive health benefits of
human skin. The efficacy of pomegranate e

effects being carried on to textiles on d
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The article "Extraction of Natural Dye Pomegranate Rind and Its Fastness Properties”
mentions a high concentration of antioxidants in pomegranates compared to green tea,
suggesting potential health advantagésleitha (2020) employed an aqueous
extraction method to extract dye from pomegranate peel, with ferrous sulphate, copper
sulphate, and oxalic acid used as mordants to enhance the dyeing process using pre
and postmordanting techniques. The evaluation of dyed fabridsided assessments

for wash fastness, light fastness, and rubbing fastness similar to prexseaschn

order to determine the durability and quality of the dyed fabric. The utilization of

different mordants impacts both coloration and fastness prepeitihe dyed fabric.

Theatrticle "Natural Dye constituents from rind of Punica granatum and its application
on Pashmina fabrit®xplores the use of natural dyes obtained from pomegranate rind
in dyeing Cashmere wool. The research showcases positive dyeing characteristics,
resulting in a variety of colors and demonstrating strong colorfastness on the fabric.
The described methodifdyeing Pashmina fabric with extracts from pomegranate rind
presents an economically feasible, environmentally friendly approach to textile dyeing,
focusing on upcycling waste and promoting sustainable natural dyeing methalds.

et al., 2011)

A study on "Cotton Dyeing with Natur al D

granatum) Peel explores the process and
natural dye source for cotton fabric. Pom
avlaability and the presence of granatonin
Various tests were conducted on the dyed
guality, which included assessments of I

reveal ed that the mordanting process had

fastness properties. An analysis was al so
wi t h producing pomegranat e peel dy e, hi
compami to synthetic dyes available in ne:
growing preference for environmentally f

about har mful properi{Kes khrmke&Stetswaht he

The study titled "Evaluation of colourfastness properties of cotton fabric dyed with
pomegranate rind extract dye" orah et al., 20233xplores the use of natural dyes
derived from pomegranate rind for dyeing cotton fabric. The research employed
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pomegranate peel, which makes up approximately 60% of the fruit's weight. The peel
underwent cleaning, starying, and grinding to prepare it for further extraction of the
dye. Mordants like alum, myrobalan, and banana pseudo stem were used to improve
thedye's ability to bond with cotton fabrics and create various shades of dye that last
for different lengths of time. The resultant dyed fabric was testecoforfastness$o

sun, laundering, crocking, ironirgpnditionsboth wet and dry. Outcomes of thette
revealedcolorfastnesso be good with apparently no staining. Mordant use improved
colorpenetration and adherence to fabric effectively for achieving desired dyed textile.

The researchAnalysis of the Coloring and Antibacterial Effects of Natural Dye:
Pomegranate Péelinvestigates a sustainable method for textile finishing using
pomegranate peel extract as a natural dye on polyamide fabrics. Pomegranate is known
for its high concentration of phenolic and flavonoid compouasislready mentioned
earlier,which not onlyprovide health benefits but also offer colors in textile dyeing
Researchers have used pomegranate peel extract as a dye for polyamide fabrics,
resulting ina variety of yellow and brown shades. The colored textiles showed strong
to exceptional resistance to rubbing and washing, and moderate to strong resistance to
light. Moreover, the dyed fabrics displayed effective antibacterial performance against
the bacgria tesing, suggesting potential for developing textiles with enhanced health
properties. The antibacterial effectiveness was evaluated against two types of bacteria:
Escherichia coli and Staphylococcus aureus. The dyed fabrics displayed a significant
decrease in bacterial proliferation, demonstrating strong antibacterial capability against
the tested bacterial strains; however, there is also observed variability in the
antibacterial potency of the dyed fabricsvibe¢nthe two bacterial strains. E. coli
showed a greater reduction rate compared to S. aureus, indicating varying levels of
antibacterial effectiveness against different bacteria for the dyed fabrics. Additionally,
the choice of mordant also appearsafi@ct dyeability, wash fastness and antibgal
properties The research findings suggest that polyamide textiles colored with
pomegranate peel extract display significant antibacterial effects, possibly due to the
presence of natural compounds like phenolics and flavonoids in the pomegranate peel.
(Bouaziz et al., 2021)

After going through this literature about Madder and Pomegranate and transfer of these

gualities to textiles dyed with their extracts, a combination of these two herbs has been
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finalized to be used for textile dyeing for the development of clothing for insulin

dependent diabetic population for the following reasens:

1. People with diabetes are at greater risk of infections and sensiBuitly
Madder (Majistha) and Pomegranate have been found to possess antimicrobial
and skin healing qualities.

2. Both have skin healing and amiflammatory effectsThis is of particular
importance to diabetic pers@skin which is known to undergo healing at a
relatively slow paceMadder promotes skin regeneration and pomegranate has
been mentioned in the literature surveyed for diabetic wound healing.

3. Both are rich in antioxidants which have been proven useful for protection
from skin damage from environmental causes. Pomegranate has been
mentioned to relieve oxidative stremsd pre mature ageinghich can
specially benefithe skin of the target population of this study.

4. Moisturization and Skin Tone Improvemetiabetic skin can often become
dry; majistha and pomegranate provides deep moisturization and improves
skin quality. Additionally, Manjistha helps in evening out the skin tone,
addressing issues like pigmentatibattcan sometimes occur with diabetic
skin.

5. Majistha aids detoxification, promoting healthy skin which becomes essential

as diabetic populatiooftenexperienceskin related issues.

When combined, Manjistha and Pomegranate can work together to provide therapeutic,
defensive, and revitalizing characteristics that target the particular needs of diabetic
skin care. They support the preservation of skin health, facilitate recovery cankepr

crucial antioxidant defense for the delicate skin of individuals with diabetes.

2. Mdvancement in Clothing

Clothing has been a medium to portray cul

to providing protection from the external

identity and conform to soci al nor ms. Ov ¢
influence of a range of factors including
shifts in cultural values and | ifestyle r
path of tradition and innovatiom,0ihfbe o
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transformations. This is fueled by the act
technology is integrating into daily 1|ife@e
this context t hat we are witnessinng nsmar
apparel. This has initiated a massive ¢che
textil es. This new emerging domain 1is a
fashion design and communication itemc&alhol o
role of providing protection and aesthet!]

interactivity.
2.4T&chnol ogy I ntegration
Smart c¢clothing, emerging as a focal poi ni

clothing, includes in it advanced mater.

gar ment that not just caters to sttyhlee and

wearers daily 1life with advanced functi
mentioned, such garments are interactive.
body and prove as an interface bdtiweerssth

tracking, adaptation to envisreddmentacogdi

|l ife assistance et c. are provided depend
manufactured and the inteetilBdduadeduchi
trendgdmemalbi azmmeresonaleifdedi ent |, convenier
technol ogy integrated <clothing. As this
redefines the way we interact with our en
wear .

"Towards The I nternet of Smart Cl othing:

for Creating I nTexti §Festh Sdagrranne®st -e&8d nFarsa g a

(20pBesents the journey of smart cl ot hi ng

stat e, emphasizing the role of communi ca
garments intextintesl|l capabl € of communi cat
weaapd digital worl d.

Main components of smart cloething as menti

T Controlliing PWsnit Applicati on Speci fic
Mi crocontroll ers, mo s t popul-eyouwear &bl
category are Adafruit Gemma. Others are
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eit

wi t

Dec
and
pro
det

pre

Act unltioghst i ndicators, sound emitters, F

Sensbhblosi on sensor s, Position sensor s, Pr
Locati on sensocEELG, VHeral $ saneor bl ood 0
sensor s, Phot o sensor s, UV sensor s, Audi

Communi cat iToon tnmoadnuslnei t data to the stora

devi-dNe ar field communicati on, RE1,D, Bl
communication over internet protocol 2G
Infrared, etc.

Power -Depranes on power consumption by o

gar ment, may be r e ebxaarngpelaBbsiten ooer Tryeppel aBcaet a

for | ow energy requirement, AAA or AA b:
but it ibsl el efsosr sculiottahi nigonpub piotser, i elLsi t fh
consumphe®oen are commonly found in | aptopg
but recent developments in this sector

size, light weight <circuits.

Data Storhagtea Unaltlsected by controlling

communi cati on modul e to a processing ¢
smartphones in todayds ti me. Remote stoc

frequentl mgfeor data stor

Di spl aytUnist mot a necessary component.

smartphone in most cases where the displ
is no such device being used, depending
a diginedén has to be wused in the smart

consumption.
ntifying the Acommunication architect
her wireless technology or conductive

hin a gar ment or a combination of t h

ortancensuring the reliability, was ha
i sion of the method of communication i
-fursieendl y smart gar ment s. A Atypical

cedastagstorage and facilitating remote
ailed diagram of the structure of S me
sented on the next page. Areas of pres
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i ncludes d¢afbdn c safety, and environment a

health monitoring. The study puts forward
parts while maintaining comfort at the seé
secur ihtey faamd hter devel opment in this field
i ssues to increase acceptability.
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Part of Garment

|

Out Of Garment
|

Sensors

Collectdata like heart rate,

temperature, pressure,
position, speed.

Controller
(Micro/Nano
controller)/
Microprocessor

“Brain of the System”
Receives data from sensors,

Communication

Module

Attached to controller/
processor toenable
wireless communication.

THE loT ARCHITECTURE

Communication
Gateway
Cloud/
Remote
2 &
O Server
o Performs complex data
analysisand storage of
Tr[a):zer C OxmeCted received data.
BN  Device (via
; Bluetooth/
wiF) .
Receives data from smart 0'73/'
€

garment and displaysit.

Blockchain

Remote

Access to

Data

Data can be accessed by
authorized person at
distantplace. Eg: Doctor,

4 4

Can process some data. family.
) processes itand sends
commands to actuators for Adds to data security.
Canbe called as making changes as per pre- Not a mandatory part.
“Performers”. They make defined algorithm.
changes inthe garment.
{ ¥ I\ . /| : )
Body Area Network Personal Area Network Wide Area Network (Internet)
Range: Only Human Body Range: 10 meters or less Range: Global Connectivity
Usually Wired Wireless Wireless
THE COMMUNICATION ARCHITECTURE
Figikre Components of A Smart Clothing

System



A study on "Applications of Smart Clothing: A Brief Overview" biyang et al. (2021)

looks onto smart clothing as an emerging area, marking its development from a
concentrated topic to a growing industry with potential for enormous expansion.
Analysis of the integration of electronics in clothing has been done demonstrating a
remarkable Isift towards clothing item aimed towards improving daily life. Progress in
the field of technology has been identified and studied as a precursor for development
of smart clothing systems for varied of uses including healthcare and improving athletic
perfamance. Noting the growth of smart clothing concept from experiments to
industrial product, this study suggests unparallel growth propelled by healthcare and
sports applications. It has been categorized on the basis of intelligence level. First
category coprises of the garments with basic smart properties like stain resistance and
the second category takes into it the garments which have integrated electronic
microsystems and smart functions. Information has been provided about the materials
and technologis employed, including conductive yarns and sensors, which are integral
to the functionality of smart garments. Coming towards applications of such clothing,
the findings share some similarity with the previous study mentiomwogkwear,
military use, fashion have been mentioned other than healthcare and sports which are
leading the list. Each sector of application reveals unique opportunities to enhance
productivity, efficiency, safety and convenience. Along with the potentals
prospects in the ared smart clothing, the studgports same problems Bsrnandez
Caramés & Fraghamas (2018)Jiang et al.present smart clothing as an active

participant in enhancing the quality of life.

Chen et al. outline several technology co
and i mplementation for the development 0
purpose. The components work in synchroni

andanhsfer data ensuring comfort and wutili

of textile fabrics embedded with various
from the human body. These sensors are ca
rate, body temperature, electrocardiograp
signal s. These are connected with other

clothing using flexible wires which are ¢
withenfabric, providing a medium for cond

garment's flexibility and comfort undi st
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responsi bl e for coll ecting data from all
performs preprocessing of signals to fil

suitable for analysis and transmission.

cdlected is transmitted to a smartphone or
modul e within smart c¢clothing temporarily
heal th information 1is | ost during peri of
transmission to an external connected de

communication technol ogHRiesi s ueHRmprlacy pBdl weert
requirements, a smal l and | ightweight b a
battery must be erfdiimceermdad tsa plperdneirgg y h ¢
of sensors and communication moduileals wit
aspect of smart clothing mentioned by t he

achieved tehsriogung hoft hreemovabl e el ectronic

waterproof. Bevfadree pwaohHi cgg mpoments | i ke ©b

modul es, and communication modul es can be

2.4C@mmunication and Technology in CIc
Life Assi stance

The introduction, bas-icfetapplhuemdafdiotssr i

drawbadlsshod!l ogi caslngyct ad hamgedhaive been

previous sectdomproifsheisse vd eeomt ioofn st udi es/ |
towards devel opmesuc hantdy paepppa Ifi t ciadt unltedarl Ifodh f o
care and dai.Tyh el iofbg e@s s ivet a mchebtoht eg au sne i onff
communi cationcampobhecthsoVegy@uhealstels raelda
readr|l d fubDatta omasmgbeen reviewed from bot

information providing platfor ms.

Lin et al. (2018)prepared a health care and monitoring system for elderly people using
smart clothing. The system incorporates ECG and Heart Rate sensors connected
wirelesslywith a smartphone anslynchronizedwith cloud servers for remote data
access by care institutions. This setup provides total 8 serfviogsnitoring heart
activity, important life surveillance, physiological activity tracking, tracking of field of
activity, features that protect againstifge lost, detection of fall of the wearer,

emergency calling ircase of help required, identifying device wearing status and
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alarming for recharging. Its functional efficiency and effectivity have been tested
through practical use trail in an elderly care institution situated in Taiwan. High
precision along with user satisfaction and acceptance has been reported through the
trials.

Another study for cardiac care using smart garments was condudtaddiyal. (2021)

with the aim to find out whether heart related data obtained from developed smart
clothing and conventionally useahedical grade3M gel electrodepatchesshae
similarity and up to what extent. Physiological data collection maintaining user comfort
was examined. An upper body fitting piece of clothing was developed by the
researchers taking into account its comfort, breathability, moisture permeability of
fabric that allows seamless integration with everyday attire. The garment design
incorporates silverilber in fabrics which is utilized as ECG electrode, strategically
chosen to minimize skin irritation and to enhance the reliability of data captured through
clothing. Adding to the benefits of using silver fiber other than conductivity and
technical reasm®)the researchers have mentioned silver fiber to possess antibacterial
activity which is beneficial in preventing infections which holds significant importance
for healthcare in both medium and long term. The technical architecture of this smart
clothingsystem comprises of 3 main components: Smatrt clothing itself, equipped with
snap on devices for physiological signal transmission; a signal control unit tasked with
data transmission, processing and calculation work; and a signal sensing unit. Signal
control unit is integral to the systems functionality, equipped with modules for data
transmissionprocessing and computatidh.captures ECG signals directly from the
garment, which then undergo signal refinement via-pass wave filtration and
amplification through the MAX30001 module, culminating in the generation of a
digital ECG signal output. This sophisticated module not only produces ECG
waveforms, heart rate, and rhythm data but also includes a BioZ channel for respiratory
measurements. It's desigrtedieliver high input impedance, minimal noise, and a high
commonmode rejection ratio, featuring programmable gain, diverse wave filters, and
an advanced analeg-digital converter, all safeguarded by robust electrostatic
discharge and electromagnetiatarference protectionslhis study embarks on a
comparative analysis between the physiological cardiac parameters derived from smart
clothing and those obtained using conventional 3M gel electrode patches. Participants

for this study included people within the age group of 26Goyears. Comfort and
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material sensation were quantitatively accessed using a Likert scale and the results
indicated no significant differences in comfort levels when compared to traditional
monitoring methods. Subjective assessments of the material feel, tightness and overall
comfort revealed no significant differences in user perception, emphasizing the
garments practical wearability alongside its technological sophistication. Objective
data analysis further validated the sn@aft o t haliabititydfer cardiac monitoring,
demonstrating comparable accuracy to traditional gel electrodes. The study presents
smart clothing as a suitable alternative to traditional disposable ECG electrodes and a

significant potential of integrating advanced technology into healthcare oriented smar

clothing.

N. K. Srivastava and Satyam ESiecgh orfircoan
Communication Engineering, Shri Ramswar oc
Management, Lucknow, Uttar Pradesh, I ndia
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faced during video consultations, specifi
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After a review of available scholarly wor
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functioning mechanism in smart clothing
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The e sksihn rstl| edeepv etl oHead t bh ¢ a pheansoeala c o mpany,

ai med at coll ecting dat a about t he w e
recommendations for enhancement in quali:t
sl eep analysis are available as wrgi sat band
contrast in trend, the developers have pi
and |l ooks and feels |ike any regul ar piec
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smartphone mobile applications and is av
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conditioner remote control devi ce, the s
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observaed t nmee The overall attempt resu
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The Hexoskin Smart Gar ment s make use of
continuous monitoring of cardiac, respira
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physiological signals related to cardiac
The garamesmt sianc Iflecad ur e for continuous
el ectrocardiograph sensor for monitoring,
Va

-

lability (HRV) for stress -maldattead i guen

and meAlroincgs . wi t h heart Respvriravyorsyenbkods
Pl et hysmography) sensor s have been i ncl
monitoring byxpneenassiuoon ngnd heonret racti on of
thereby calculating breathing rathxi sminut
Accel erometer sensor tracks physical acti
sensing motion eard seamsamdsatr eonr dTphysi ol
from the body, such as heart rat e, breat
transmitted via Bluetooth connectivity t
accessible on i OS,i Melnddas hdb dervd sc.e sUs earnsd
t heir heal-tihma att lar o ngh etaHe pl atf or m, enab
| ohgegrm health monitoring. The advanced a

provides a comprehensisvehemdrhvisetwatafs tulsd

dat a. The system has been mentioned to h
reliability o f t he dat a CBlE ke e CKARRIRE f O

TECHNOLOGI ES | NC. , n.d.)

Nyokas Technologies in collaboration with

under the aegis of the Govehinmentoofusaedb
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aclcerometry dat a, and respiration through
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recorded data undisturbed. For wuser s, Ny o
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Technol ogies Pvt. Ltd., n.d.)
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The review of I|iterature from heading 1 t
devel opment of a concept for the present
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contextualizing the concept for the presece
health challenges and need foramadalg mehe
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i' s not |l i mited to these two types, LADA (
for management so for the present study
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insulin dependence iIis of key i mportance.
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2018)
Garg et alkB0p20ils
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Heal th, n.d.)

40% of T2D9 nud e
Gulf coMnt Baesah.

I n the above tabl e, only mgpei dneadddueg pteo 2
i nci detdced eacilabbh avail able on the count of
above mentioned two categories so it can be
than tmena benteidnataeé s. ofThe data of preval en
for the sole purpose of having an approxi ma

under the purview of this study.

Review off apcreadblbegymd nsul isn Dependent Diabetd.i
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requiremermtealttohyl elaidf @ i n future however t
procedure and also its continuation throu
nat-ersesentially related to health |ike m
medi cati onas nttiameling gener al heal th with
C ome ss otchiea | aspect where there are many

adjustment of these individuals which fur

Edwards ets@tue(@0fB)connect ed-tsinmaer tCGM s u
to evaluate missed insulin doses (bol us)
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participants. During the first phase 6 we
22.2 missed insulin doses (bolushampgr mor
bl ood glucose | evels was observed. Thi s ¢

sudy when CGMés were unmasked.

Gol dman ehaal me (2 0d2iBapbde ¢gpbmasu ti nligi peobloemet t i

to take insulin or being uncertain i f the
highlighting memory problems as a critica
reactions, psychological stressporft@@anci a

probl ems.

Robi nson etiadasys({2mab) eniusetyiineend and mi ssed
doses imanpaegghipadmeittehs i nsul in. Their study t
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the authors, the breakdown of 30 studies

|
[ | |
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FigBdBeeakdown chart on the basis of Type

Numerous reasons for missing or mistiming
of such occurrences have been reported b
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depression, inability to eat, pain of inj
t abul datbelldeed © w.
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complicated

The authors found missing and mi sti ming
wi despread among people taking insulin f
emerging as the key theme. This issue 1is
appear sAn nurdpaermt. need for more support S
compl exities and help people to take bett

To assess the adherence to prescribed insu
with equal representati on Aflrsam daont ketg &l d e r(s
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insulin doses. On being enquired regarding
to 1 or 2 doses per week, 3135.7886 aagyg reecedd ttoo
doses per week and 12.42 agreed to more t1I
reported by participants, have been | isted
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insulin in outdoor situations and simply fc¢
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hypoglycemia rising up to the severity of
(Forgetting to2023erct I nsulin

Brod et halv.e (a2dodirdessed forgetting as a sig

di abetes management. This study ai med at

Maj or cause came out to be disruption 1in
emergewely, e&ngagement in soci al events, b
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uncertaipnotsysiobfi Ititey of having taken insul
their study, thhmeames aae demficef gpnigstetnitng t o

t han once a mont h.

It i s evident from the above studies that
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& Poul sewnt i(1210z0e8d) mat hemati cal model ing ar
found that on missing (short acting, me a
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data woul d. 3bepedr.c2eqattcot Flbg ImsEliinmg. firfequen

increased, for example 39 percent of tot ¢
approxi mately 2 percent. Emphasizing the
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in missing insulin doses. It is indicati)

role of technology is solving peocBG pnobhe
case) has the ability to record and trans
when | inked wobf hwalppwaaprsi athee end of stud)
been noted by the researchers in the dur
range. Technology in the form of smart <co

change -pmdtieemti nteractions fr odnataas sluanphk e o
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di abetes management strategies.
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cussions badvedawvwn daactsuacloudadsilme@ad t o be
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management and future complications.
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| nsul el apsed since
event gets not
Smart pen C (
smartphone ap
Bl uetlaotcha.pt ur e
taken with tim
remi nders for
MedtrodeteCtion of CnPenTM Sm
|l npe United Through dat a PemMedtroni
gl ucose moni t g
anal ysi s, it a
i s capabl e of
i nsigbus b b oo
patterns and r
dose with diet
Emperrjlt i s a systel ESYSTA
ESYS-TT GmbH Hsmar't pen, gl ESYSTA
A sys Heal t|{devi cedadmad coamp|Product
Technoltransmission The Fu
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fESYSTAE .BTahsé s Aut oma

records ti me Tel emon
i njection eve System
i njected, ti me Peopl e
monitoring dev l nsul i
sugar | evel s. Depend
collects data Di abet
devices and tn Mel | it
accessi bl e tohrt Ful ly
The smart pen Aut oma
proper insulinfTel emon

is designed fo System
t wo year s. Peopl e
Il nsul i
Depend
Di abet
Mel |i tu

Kl
di
t h

W o

n
b

w < ®© 9 O

—

mi
ma j
t ec

0
h
ease
0
n

of f & hKegrhrl i(g2h0tle8) t he contri bution of
etes management in insulin dependent

most widely used devices for taking

d pr oavle. bPednderfeiscsii ng the i ssue of poor
i ming insulin doses intentionally or
r barriers faced with insulin using ¢

nol wgy ndas a& p olruetd vocne wpho scshi bwiel Imedi c &
out | ife along with facilitating the

rmed decisions and make projections f

g Ssmart pens, a concern has abto bee
t pens due to financi al constraints,
nology, required technol ogical educat

erl ydawmpg woéi maxiemum potenti al

chard cdaveaeallopegd20a229mart phone applicat

gui ding and helping people using inst
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in rotation of sites to palelvewmd wsems ptraob
infusi@$)dedt CGM pl acd meamtds aisnsirseasl by tr
rotation pattern being foll owed by the u:
The trials demonstrated effectivity of t

towards site rotation and user satisfacti

Si rCanrSea,n Fr,arevied oped fsomaopwi sbckwndbedres

knownatoabbei ghtened rrriesgkulfarr Blomdad i sny quari
wi gbndtiifee,styl e factors bdwe dtdhasnsmoet! einnt itah
feeedusae mgiatniduct gase i n c¢hancuensn ooMihciendfy ur i
can take a serious turn in terms of. compl
Sockh®rk to protect tthhee rfiookiSdefm ilknajiruergi Delsa.Ww e
Soowkeacorporates miniature temperature sen
det ects odi ftfeentpeernrcaet ur ei rbceit oneeteinn go oa hs ifgereto f
whiaodcurs i nofairhnjyusy.aglestegrating these
Systemo data <coll ected frnreodm csd c kpsr oif S 61 ¢
analysis and early interveésSiren ®Whreh 2628

A prototype for smart wndne & & s)ehmso rb eiemp |
under the skin of the wearer transmits gl
into the waistline of the underwear. The
has a sensor to measure E@G, teadmpnd rreatl erses,l
smartphone which acts | ike a processor \

internet to the people concerned. Al ar ms
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CHAPTER METHODOL OGY

Thfeirst comapianesi notfroducti on to thaendprobl

t h
re
w h
pr
[

f a
fu
re
pr
do
S i

as

e background information that | ed to th
sear c hT hper obdceamd chaprnevi ecwo mpfr i seasi lodbl:
ich is directtheoconndptedebvel opkdt add
esent study as mefdhrod@iiai obt dicaddalsit ® n
teratur e, iti bhécomesaleyidenngtihmasul i n f
ce probl dmsanalt sperisadnad evels (a signifi
rtivemri feed t hstowdyyh ddred uycitleod bef ore co
search wor k). Mi ssing and mistiming of
escribed insul/i nmirsesgidmene mo@emgfau stiioormyset b s
sing due to various reasons, inability
tuations, soci al stigma/sknimsimfoblmams oa

a resul tcacefmiicmpcaoinrterdo{d U gl itpoo hnyopte rrt ortogothi

injection sites, are the problems found

re
Al

|l ation to diabetes. These have been rep

s o, a need tbesddproblemspbave apvpdnscteE

Beyond the study of probl ems of the targ

s u
f o
f o
dy
t o
cl
an
i d
De

Th
st
co
W 0

in

pport to the use of a combination of mi

r heal thpmeestandnghpupotential of herb
rr improving skin health and overall wel
es which have an overall d&ethi mehtalt b

be addr ecsosnesd der ati ons fthi sdesiugy dav gl
otuhpi inftge maxi mum potentt al deegh gnovinder a e
d technpobsgybility has been identified
erdt iifn et hi s area by devel opment of Sus

penieanbtet i cs.

cChapter pretshkeetse ad ethaimed hefthpl apdd mahover
udy, including the research design diwv
'l ection and analysis Eachuphabet ha obj
nidi vided as per condi t i odness iagnnde d eagnud raern

a |l ogical S emate niced pphraet heekngsl idMesd tpif ath s o
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towards finding answers to the phlehnreo mena
descriptionnofresaeah cihhimaastdudedol bgyspeci fic
and techniquesumaplip$ iped chtwgady o f iodT htigse prheasseeadi
appr@adachgns with tkees uwrhitgoeendinwersed aance dt ern c
progresselvapmernets earanuwbg etaibwaivagis éfsact s and

at eveirry tsheagdirection of research object

This chapter has been divided into foll ow

.9t atement of Probl em
.@Qbjectives of the study

. 3. Delimitations of the Study
.My pot hesi s

.Mesearch Design

3
3
3
3
3.Bopul ation for this Study
3
3.HResearch Methodol ogy

3

. 8. Expected Contribution form the Study

3.9t atement of Probl em

The statement oflDpvebbpments ef asedtasnabl

i nsulin dependent di abetics

3.@Qbjectives of the Study

|l . To study the problems of insulin depen
x Under this objective, probl ems f ac
studied f oanfirheegue ncayt uafe do @a ervrad reme
among the Apewelr atr iee r®mimdgnuteesdt i ons he
al so bedBmtsopghtmary and secondary
for this purpose.

Il 1 .To sel ect various fabrics which can be

peopl e.

x As the present study is aimed at d
various natur al her bal dyed textil
popul ati on of t his study, sampl i nc
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feasibility of use, screening and

testing report falls under this obj
I To create garments wusing different des
access to common injection sites.

x After selection of suitabl e fabri
aestheti cs, pfruonvcetdiisogngaal cicteys sa ntdo ¢ o mm,
si hase been done under this object.i
garments on the basis of preference

for final construction have al so be

.To use the concept of smart <cl othing t

injection sites on selected gar ments

injection time, frequency, and site se
x After final construction of the gar
circuit and communication technol of¢
into a prototypeanf msanarrtdeiarade roefn to nt
ti me, frequency, and site selectio
objective.

To evaluate the smart garment system b

in performance, wearability and mainte
x The prototype of smart gar ment has
healthcare provider sf eaarsd bti &1 ¢ &t R e
accuracy in performance, wear abil it
evaluate the practical application

Ssmart gar ment .
.Bel imitations of the study

.The study will be | imited to Insulin D
.Sampl es who bBave/ psepeonist ppdcobBany probl em
t hseense of realityxcfludemet enshadg. be
.Evaluation of the developed gar ment wij

aesthetics, accuracy in performance, Ww

4 . Smart clothing foegl a@adtirsorsitawdymarst | almott

5.Smart Gar ment wi | | be I'imited to femal
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3.HMypot hesi s

Statement

ofi)-Depotgme nigs anhHd

construction

insulin dependent di abetics wil!/ resul t
selection and frequency.

Nul | HypetBPesigniimg and construction of
dependent diabetics wild/l have no i mpact
selection and frequency.

3.Bopul ation for this Study

Al di abetic peopl e, irrespective of the

di abetes

management .
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3.Besearch Design

Bel odvi vissi on of the entire plan of work i

Tabtt e Research Design

PHASE 1 PHASE 2
1. I n depth study
dependent di abet.

I ni ti al Data Col | _ _
available |iterat

of Literatur.e and )
2.Study o f exi st
identified probl e
PHASE 3 PHASE 4

1Study anmapnlfdi m@gll ec{1. Construction o

fabfoc gar mentwhciq2. Selection of

can be beneficialsmart gar ment pro

di abetic peopl e. 3. Circuit design
2. Designi ngaodorgsmart gar ment pro
with problems i del4. l ncorporati on
3. Sel ection of circuit on to one
construction. Phase 3.

PHASE 5

Evaluation of developed proto

A detail ed dmethoogad opmlityeodd b ¢gnneen t i foinveed ( 5)
phaspsessfibé¢ducalzer thHe Resadircdg Met hodol og)
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3. HResearch

Il niti al

Met hodol ogy

PHASE 1
Dat

Thr oRigwhi e
Literat

Reports

Through Pi

anbe SMedlba

organi sations, |

Study of

p rnesws:

dependence

|l denti ficati on

HhPemhmdCt hatA fUurnvey

and study

of

associated pr _
within the pur (Online + C
f | \
Det ai |l s Sampling Dat a Ar
Empl oy
— Sampl e36i zgal P
Tool Que Frequency

Consi sotfilm
closedBdopm
ended que

PHASEThL s
and
healelhat ed
coll ected

phase
secondary

oamaeéGnpa ketsiessdr dcchc FRersi mar y
usiwnghqgubsttpospadsemaelof nf oheati ol

Samp | eds :a blel
— peopl e usi:i
di abet es m:

~ Sampling
Purposi ve

Figd&rePhase 1

h aisn ibteieanl

sour ces.
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preval ence of certain problems with thi:
prescribed medication dosages ,dueany otme
reasoms obl ems studied through review of
i nvestOtghaampmm.t a th i ashp eccatns bper orpeol seelida nset uf doyr
al soebgenred throughAbhemgue itaiso breainr ena d
estimate about simhet ateephahogyfom the fc

soluti ombltemd he pr

The survey has been conduct e dtwetmeltibaidrsg b
Sampling-Hecposigue ns aommleirng o ful fil the o
study, paatisfpaagfRitnheed pcrrei t erCiraafeerr e s €
exclusion of a response from data anal ysi
di agnosed <cognitive disorder, neur ol ogi c
mi ssing,, cewtntlwahv enbdeeennrt i f i e d oacdoewpsri odbel reenads f
solution through the present study are as
resul toothes omegln casad d.ydidkeasseepr obl ems have
of mani festation and irnegunidriev itdpuead tsa Lwsheeer des
medically diagnased hdisseoagdicul ar phase
problems, such responseg rihhdsedlnlioddbtee ttaxlic| u
of 40 samples were sweveyeodl dedtedeforra
these 4 responses were disqualified due
this study sciefef eemaverssdimpelbe u & futsieammpa ier
as a tool for primary dat a ocuotl |loefo tmiht ecena o n
(14) questions were closed ended and the
total 22 questions, first nine (9) quest:

Dat a atnead hynmsiingguleusd e countp eorfaddtemgem.cy
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PHASE 2

PHASE | PHASE

|
Il n depth stu
of i depkndent
di abetic p |
| |
Resec: Website User Ma
Ar t i Commer ci Commer ci
Medi c al F Produc

Devel op

Study of exi
to identifi

Secon Pri m
Sour Sour

LiteSatrw
(Publ i shed
Resear ch

Survey |

Ar e a Sampling Tool Dat a
Study: Dat a Analyy
~_ Sampl e Coll e ‘
109ampl ‘
Count
Val i da Frequency,
Samphlels ouest Percent ,
di abetic _ Me an
(| n duisa nn)g
i nsulin for
di abetes
managen
Sampl i

Techni que:
Pur posi ve
Sampl i

FigbrePhase 2
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PHASE 2A

Fordemth study of problems of bontshul in dep

secondary and primary sources have been u

The foll owing secondar ynrde polerseand eldawes b e

in thecphpra@tieous

T Reports of WHO, ADA, | DF, Go-Dermbhme¢erts H

Statistics (Il ndia & Global) and basic
1T Research Articles on h-ealmmoni psobds emb
faced by this popul ati on.

T Research Thesi s

Sou

-

ce of primary data for this phase of

que

(7]

ti onnaPrroeblaesmsa otfo otlh eh a vaer gleadiairde @ o p 81 a
maj or claHeeaglotrhi ePsr obl ems, Economi.foPfobf iims
the stated purpose, a questionnaire with
clo

(7]

ed -eamdle ® peewmesti ons. Faonrd ecalsaer iotfy uinnd eprt
presernthet iqure,sti onnaolt € o wwyedi(\bi)dedritrst o

Part 1: Demographic I nformation
ParHe&2l t h

Parbi 8betes, Daily Life and Society
ParEcdnomy

Part 5: Study Specific

The questionnaire was further Mambdasedf b

panel ar e:
1.Dr Dhanwant:i Bi shnoi
Associate Professor, Department of G. P

Gover Madmatr ani SucCail $ Bighea nR&rj ralss han)
2.Dr. Shruti Agar wal
Professor, Department of Home Science

Government Arts (®iarflast®@alnl)ege, Kot a
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3.Dr. Ras hmi Gupt a
Professor, Department of G. P. E. M.
G. D. Government Col(lReagea sftonranfomen, Al w

After obtaining the val idaxpgeAptpse e(d)itithief i c at
guestiwansnaused as a tool for survey.

Of fice bearers holding pudilaletreesl areloatse
organi satfoonsdbéei ngsa@me natgandut t he count i
support and community connect were contac
and requested to ciimcanlaitree trma deng(u@csd chleen ni
communi t.y Pgarrotuipcsi pants have contributed t
the basis of their willQungstkisenhapiosd rEwast
on omlogmnedliadbamMmuni t yodmdeadn by Nick Jona
Singer), Juli et de fBiarypeghy D{ Sbetabk) Ad®ard
Sam T@Céloebrity Cheameé@®daydormanthomaedlsad )i n 2
and ABeyophdoOwygdedRi20 10Nl i ne community has
its repute among Whsielres uasnidn gg loonblaln er emaocdhe.s
the researcher have been circul ated for
gueries PaenospWweer evdi.si ti ng phiavet alcolnit miea ® di |
physically and responses c &lalmpdti evdy tdlern au d

as foll ows:

Sample Size= Tot al hundred (100) sampl es
Samples: Al l(ldndibansiianglpyg)nsiud i n for di abet

Sampling Technique: Purposive sampling. |
study, participadeéfsi nseadt i sf iyi @igi at hwe rper es ¢
exclusion of a response is sanre as that o
Statistics involved in analysis of data ¢

percentage.

Since the available |itewndtreval gpmawi dds pg
among the tarigsétsuprovpewl atsi aomtended only to
oriented problems being faced by the het

responses t or esloemwea mtu efsdri oinlse ¢ e e dH a phnassh U d
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al so been noticed bohastddadgeti aygi $shsdiansipo
studying their predlplse s widha gtrhoibsgy esnusr vaenyd t C
if there exiet some additir emcatoob Itehnes afl aceeac
|l ndi ans just for the purpose that they ma

PHASB 2

Study of existingtadliwetdi amma sPthoaesgem 26 e ens t
these sources:

T Research Articles
T Websites of Commerci al Medi cal Product

T User M&Louwmales ci al i sed Product s
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PHASE 3

80

PHA S3K PHA SEB 'PHA SEC
Study o Designi i Sel ect i
whi ch can b gar ment s Ngar ment
benefici al accordance wWfbh construct.i
sensitive slprobl ems usiSug vey
di abet i « in Phas met hod
Sour ce Sketc ‘ :
At @ Sampl e Si
‘ (Femal es)
Di gi ti Sampling
of Ske Pur p &aaimpé
‘ Tool Que
Exi st | nf or m Da_ta Anal ysis:
Liter coll ect We|ght_ed Me an
Fabric 20O e
Manuf ac
Procur
of San
Il ni t
Scr ee
Test
Fi na
Sel ec
FigarePhase 3



P HA S3EA
Study of fabemefitdiaal cfaomr beensi tive skin

Sufficient data related to skin conditior
mentioned in available |Iiterature. Re al I

duri ngZ2ARhaeeadds to the knowledge require

data into account, nat ur al her bal dyed f a
providing slow but consistent benefit in
we aviom desgkosure to evidently hesmful eff

To study about the effects of di fferent
considered as a good source of i nformati
websites, herbal dyedfbamaitc¢ omamenacommreear
product care | abels have also been utiliz
used, herbal dyeing process, cost, avail a
on health. Mahbhtactcwrndraxct edr & or the pur

procur ement .

Next in seqguence is the process of short

samples procured. This process has been c

T Suitability (physical appearance and f
T Affordability (cost)

T Avai l ability

T Functionality (reports of textile test
I ni ti al screen includes visual i nspecti or
verification odguaanvtaitlyabesltiitnyatiend tthoe be us
Samples shortlisted though visual screeni

Northern India TexforetReseagcbfAdoddtioat in

Chemi cal Qualabgr &@&vaftywati on

i )Col our Fastness t Light
Washing (Wi th Al kal i
Washing (With pH Neut

Rubbing (Both Dry an:

i iQol our Fastness t

i 1do)l our Fastness t

O O O o

i vQol our Fastness t
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)Di mensi onal StabilitWaragf,t eMefitmmer si on i |
iQol our Fastness to Water

ido!l our Fastness to Drycleaning

< < < <

i i D)y mensional Change to domesWacpwaldvafng

xDi mensi onal stabiilWatryp,afWeéit Ol wash cyc

x

)JCol our Fastness to Perspiration
iMi cr obTeod téigrngyg bact er i a({ a Bpwall oucad al cowsi(sbe) s t
Kl eb inelulmoni ae

x

xiBl)end Composition
xiDiimensi onal St-avar pi Dyreotdowp, hwwvatt Dire
X1 @9l our fastness to H-oCOhapirgees siinngCo(l olubs air

on Cotton

ECO Laboratory

i )pH Value of aqu€od@rCeda i act at 24.5
i iHree Formal dehyde

i iRe)l easabl e Formal dehyde

i vBanned Amines REbkasadt $rom Azo

Fi nal selection of fabric has bedrnr ad mrea o
from the | aboratory.
P HA S3EB

After having an under stnaered stgd wWded t h25 ps lod
of one piece bifurcated gar ment welruempsui
prepared with appropriate design features

sites.
Tar ge tGed die@mmal e
Occa-Liasmual Wear, Daily use purpose

This type of garment has been selected be
and if technology is apgpglhieed oint eprnt aT@mMr dE

ot her garment styles as well
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Twe AFtiwW € 5) designs sketchedomaenmthdod ydi lga ¥ e
fashion il lustration to enable bettehepr
respondents during the process of sel ect

designs.
P HA S3EC

Forepumhpose of selection of five (5) desi
among a sample size of 20 qparltliyc idp avn tdse dwh
in age groups of 21 to 25 years and 26 tc
A google form with displaying all designs
any 5 designs as per thetio tphemerkincet ama
assigned to most preferred, seconhdlitanket
fiftHhWor aslsi st the process of selection, r
of dresas dpsirghseandr d g ma Md mg aPsoonvfetr Po i nt
SIl'ideshow feature. Additionally, responde
reason foramndetiheicrhoopmgiersi on can be used a

process of garment construction.

Data analysis includes conversion of rank

score and then calcul ation of t ot al scor e
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PHASE 4

PHA K| PHA BB PHASIEC
Developm Study « l ncorpor
paper patttechnol oc¢ devel op
selected for devel el ectron

gar ment circui-t on one

‘ gar ment

L ay dvatr Kk, i Finali ze
Cutting ¢« parts to
Gar ment ‘
Constru
El ectronic S

(Circuit D
aProcurement

bDevel opment
sketch using

cDevel opment
pl and connect

dProgramming
mi crocontrol |l
the sketch de
ARDUI NQ | DE

e Executpiromrc

FigarePhase 4

P HA S4EA

Paper Pastetleercntse df ofri ve (5) gar ment designs
through drafting technique foll owed by p:
gar ment construction.

P HA S4EB

After preparation of five (t5)dygatrenehnntosl oig
options for devel opmante OFermi dounet i pr dth

devel opment of-b@asend cciorcownitta bl cememooonme et
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sites which \Wicslhd n shiedgc @ @iajl @c¢ toigon t i me, fr
site selmctriocemntroll ers available have b
woul d be sseurivtiarbd et HiosF & ip e $nadr eéazam @ ulr&pndessa .g a

(20Me8B8Yye mentioned Ardui no, Adafruit, Squ
mi crocontrollers that are suitable for t|
with theWon¢i (@D 3hi ghl i ghted the use of
FIl ora and Gemma (by Adafruit |ladds$tritetscshk
my Makecircuidt for their dBbesign wBkav albd
Evaluate the Smart Wear abl e El ectheni c

researcher wutilized Arduino USIOndeeoet e vied
B, 2Ap&8)t from those which are named abov
manufacturers have also been studied for
can be useful fConsi kekmponw sosfdhgtehset wdkys.ear ¢ he
of ut most iarparrtt afnrcem hdevaamilcarboiclointtyr,ol | er
componentsh kel celcta gidnner fri eatlviai dmaditlt herwy
educati oni nretsibaurfcesm of tutorials, det ai
und e risntga nodf the structuaedadielayt ua €@ s e sasnidb |
prodwegptport provi ded Dy tthe trhaen uf aoctmprl @ rasm
these conditions, mi crocontroll er boards
expl dAedafoundédfin 2015mabnyuflaicrhaurr eBr ipad,gr
mi crocontroll er boards and sensors for di

freelancers and pr8bmesobniahe 9éreaegi okeb

by t hem ihrecrl,u dEex pH eeasts , Metro, Trinket, |t
and Gemma, QTsPyjeblal Fowi sgeci fic require
the Adafruit Feather MO Adal ogdhearv ea nbde eMd ¢
found suitable and el aborated in the next
Ways to convert gar ment closures into a

register an event have al so been explored
circuit prototype were then sourced and &
whcih t he parts were connected. Simultaneo
Environment (1 DE) has been set wup and <co
selected miFdrmeadideyt, r ot eucti ons mentioned

executedhtehmoeglmcontroll er using the witdt
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PHASE 4C

| ncorporation of developed electronic cir

PHASE 5

Eval uati «

Samp IDien gg-i | s:
Ty pRur p &aaimpe i ng
Samples: 5 End Users & 5 HCPO6s, Tof

Tool Used: cQune sltntoenrnvaa eroeni§chhedul e
demonsofathenprototype

Data Analysis; MHMeaquegc$c¢

Fi g8&rePhase 5

PHASE 5
This phase includes the evaluation of t he
to the probl ems identified and addresse:i

Il nterview schedule combined with a demon:s
toodatod c Plulreastaiinopré.¢ olghia g uadperinoedel ect sam
which include tot al 10 samples. The sampl
groups. First group comprises of 5 end u
HCPé&dsea(l th Care®ePponwderetr s ) weorientp rroavtiidnegd s5
Yes/ No options as per the requirements of
open ended question has been asked towal
feedback/ Dad qae satniad nyss.i s choansv elrd é m gdegarand | In g
scor ecsouanftd eogfn@arscyal so been done for analys
guestEivah ulmas otper beametdhe abeasstihsedaafcashi | ity
functionady tiyn @ercfusr mance and maintenanc

3.Bxpected Contribution from the study
Expected cont rprbeusténmothys Hawen heéen | i sted he

For l nsulin Users

x This type of c¢clothing can provide regu
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X

X

For

It wi || provide functional as wel |l as

positively affect the experience of |

't will help in cases of dosage confus
doses. Accidental double dosing can al
't will preliifesudatha iwmffi ection site sel

person can himself prepare better pl an

choice and convenience and prevent sKki

|l f the person is sufficiently educated
outcome of this study, i-mahagg WwWietim, gw
efficiency and | east effort, thereby r
system for minor issues.

I n case of T1D chil d, it owi | hel p pal
and wil |l al so provide them much requir
per speedf$iand | ifestyle requirements
Medi c al Professional s/ Healthcare Pro

With the dosing data stored in the de
professionals to identify actual dosit
rather than relying oepwhat nigsfbheiguegnt
human erhr olresadwhtioc wr ong concl usi ons an:
time and effort.

It wi || help them chalk out better pl a

as per the actauwbj emotndi ti ons of the
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CHAPTER
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CHAPTHR RESULTS AND DI SCUSS|

Reswlft st he research work conducted for th
Clothing for | nsulhiarv eDépemd emrte szinda bealt ii cns 0
from Phase 1 and progrods swdsa kihn phagee mae
designed and work has been executed to ac
This <chapter includeosbt aagepeh amhal ymet & c
described in the previowlsiwihfalprtteera dga ntdo d i
frucohel utshiozm erfdeavor.

Starting with identifying dwidt hs truedgyuilnagr aitk

use and type one diabetes, available 1it
required data. Various problems and i ssue
data of prevalence in the daragetospomulfd:
geographies across the globe. At this poi

the scope of the present study being und

finding solutions to pr oblse nmstWiwdhi.cfho dwd | o

objectives and I imitations of the study,
this chapter under the following heads.

4 . RAi.l ot Study

4. 2Pa study i n deatsailli nprDelpleenmdse ndaf Di abeti c
4. 3tudy of fabric beneficial for skin of
4. Besigning of garments in accordance wit
selection of 5 garment designs for constr
4 . Bescription ofs Dseesliegcntideedy e5h nggammermetn tof pap
for selected SHDugaroments and final

.bechnol ogy (Microcontroller) wused for d

.DOevel opment of electronic circuit proto

4
4
4 . 18ncorporation of developed electronic c
4 . Bvaluation of adleovnegp owiéetdht gaement cui t

4

. 10. Hypot hesi s
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4 . RAi.l ot Study

Primary data has been coll ected during pi
off i rsthand i nfotrhneatproev arleegnacredi omfy cer t ai n
popul ation | ike mistiming and missing pr e
probl ems, sociahypobobhPembétamensdenti fied

|l iterature have al so OteRempionr d lauwtheidc Sfpaeratnisn
be rel epvampiosehdarvset adeggmgquibh eend t hr oughAbhe (
attempt has been made to have an estimate

in the form of wearables as a solution to
a firePh-&s8beepthe present study, provi ded

finalization of the research problem and
target wbapuouhatsonseful for the study to a
of pilot study have been presented bel ow.

Sampl & 08i 22 | ot Study included a total of

were disqualified so fi Balmpdample size re
The sample for pilot study constitutes of
Presentwastaudyet ed towards people using 1in

irrespective of theirsetgyrpeagadft bdi dlaesti ss oTl
di abheatvees been presented as foll ows.

Tab7t eDi stribution of sampl(des | on tShe dlygs

Diabetes Type| Frequency of Response Percent
Type 1 24 67
Type 2 5 14
Not sure 7 19
Total 36 100
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Not sure
19%

Type 2
14%

Type 1
67%

= Type 1 = Type 2 = Not sure

FigareDi stribution on the basis of Ty
The sampl@7WynpplEDudést L-d8p2aDi abet 1L 6 %rneontd
sur e aibroyupte tohfe di abet es.

Mean insulin use hdawr dteiecn fiwiu.n2d6 @ yos amep lod

Further, the respondents were asked aboul
status and roles in the society.
Tab8 e Dedfai Prso(fRislsotonSt udy)

Data obtained for Profession of
Frequency of Response Percent

respondents

Any Other 9 25
Businessman/ Businesswomen 3 8.33
Engineer 4 11.11
Healthcare professional 4 11.11
Housewife 7 19.44
Student 6 16.66

Teacher 1 2.77

Teacher/ Professor 2 5.55
Grand Total 36 100

The respondents were enquired regarding t
hours as @Bereshbhei dedt oegi me.
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TabdtFrequency of(ilnns2u4l ithmo ulssag e

Frequency of Insulin Usage Frequency of response Percent

Once a day 3 8.33

Twice a day 8 22.22

Thrice a day 7 19.44

Four times in a day 9 25

More than 4imes in a day 9 25
8% of samples have reported to use insulin

twice a day, 20% take it thrice a day and

use insulin at a fregmesacy day4 and more tF

Being more specific towards studying the p
were asked about the ocmussenddc¢d oofgodn teov etne

the schedwuled timings
Have you ever mimssteldi/d oatgott he osd¢clakeul ed t

Tabllotlave you ever missed/forgot to take

Response Frequency of Response Percent
Yes 25 69
No 11 31

Total 36 100

't was inter@%®imnfg meosponcenthatagreed t o

such events in their l' i fe wheneentiegn anils
uni nt enati otnhad Isyhedul ed timings. It is al
frequency o0n shuecihn ge veesnkesd about the frequ

-

esponses obtained .have been presented be

|t i's clear t hat the problem of mi ssing/
reasons whi ch have been studingcenheoaalun:

Uni nt eReasnnbk. have been coded for ease of
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TablllReasons for forgetting/ mwistshh nodensu
Code Description of Reas
A I forgot wunintentio
5 I was confused whether | ha
safety.
c Initially I was busy and th
taken it.
| got confused andigesesttino
E Any other reason.
I never forget.

Tabll2Reasons for forgetting/ wnitshsiGuogde ns:
Code Description of Reas
G | skipped because | wagi tabla
compl ete this task.
H If eel uncomfortable to | ook
my friends/relatives.
I |l was in a long meeting/ off
J Major disruption in my daily
guest s, urgent unexpected wgd
insulin.
K Any other reason.
L | have never faced such a si
Responses obtained from the samples have
NotRe:spondents of t hec hsouorsvee ymoweer et haal nl oowneed
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Tabl3 Responses for Reasons (Unintent

Reasondor Unintentional Missing Frequency of Response

A 13
B 7
C
D
E
F 14

Grand Total 43

Reasondor Intentional
Frequency of Response

Skipping/Missing
G 5
H
I
J 11
K 1
L 18
Grand Total 40
Further, resploendl eamli sutwelraave they tried an
mi ssing/ forgetting an insulin dose.

Tabll4e RespaHaes pbu tried any solution t

forgettiong i nsulin?
Response
) Responsd-requency | Percent
Options
Yes 7 19.44444
No 22 61.11111
| never forget 7 19.44444
Total 36 100

19. 44% of respondents have reported that

so they need not try any solutions; 19. 4/
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di arvy, asking family members to remind,
61.11% have not tried any solution.
Have you ever faced problem of accident al
TablS8ave you ever faced problem of ac
Responses Percent
Yes 33.33
No 66.66
Total 100
't was anatreni nigatt 033. 33% respondents hav:

injected twice due t o f508r.g3e3t% ionfg /rceosnpfounsd eo
appremehgency medi cal hyeornyil gas hédautse »dé\v
accidental. doubl e dosing
Tabll6®o you prefer smart wearables as a

Response Percent

Yes 30.55

No 19.44

Maybe 50

Total 100
Regarding preference for sprvach!| evesa,r abh0 % so
total sample size opine that they would b
what i s being offered to them and its eas
use smart wearables and the hawei suoll wea
It was also found that participants who h
or accident al doubl e dosing al so responde
a solution of such probl ems.
Majority of positive responses for use of
age gr ol wdares foll owed kyyeaage group of
Here i s a moméysiabofafaettlathhaecs puesinme hce
wear alsl eas sol ution to theiprompemsahbhei ho
data as the present study is targeted tow
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Preference forosihhnmtsewevhioalhlaemi sagge ck/efdo rt goo

to take insulin atakdeémr iscthe dadecadunt mamd sf

Cas®rkference fort lsaomae tvahye ahcadbd e sbdi € 0or go
to take insulin at theonsdhdedekdpdcti mengste

t hey hapvreobflaecredof accidenmhalt double dosi n

Fi ndiAmgges group Wi s e di stribution of sam
mi ssed/ forgot to take havel bermeat dohe. s ©Oh
64% of the respondents opine that their p
i s being offered and 32% have Mepponhdegdof
positive responses for use of smart wear e
of -32006 years foll owd lkmawasgrouprest?2hg t
near lgf @4ppondent s bel onginghboet hésagdigp
an interest in smart wearables and their

i's being offered.

Cas®r2ference fort lsaomae tvahye ahcadbd e sbdi € 0or go
to take insulin &ANDMtawd schedoaéedpt omi egs

doubl e dosing.

Findings: No negativeregampodinsg pmraefe rbeenec

wearables from this group.

Cag®reference fort lsamag tvahye ahcadvod esbkbdi € 0or go
to take insulin aAiNDidaaweschadebdegr bbmhemgs®
doubl e dosing.

Findineg8% of the respondents stated that

depends on what is being offered, 25% hav

Results obtained by studying the response
di redtdl t o the relevance of the present st

Form the primary dat a coobntdauicnteedd tahsrioRuiglhestt
evident that missing/forgetting hiomsulwhm c
take insulin for Aitabeass mahbgéameerhé&i pdp
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of iismsuteltseir daily |lives due to varied re.
confustoajdoedi sruptions i n dlahielsye sfa untdiime
Sshasiemi | arity with the data obtai nmreedvi tehvr
' itemMai sreata indicates t s cpmbd sgenn cree saufl ts
severe health outcomes as doc uwmedsitned iizre dl

for study and data regarding pr evbaeleennce ¢

found in abundance from available |iterat
The |literature indicates that,inbBéepdobl &n
been into @lxamsg emerel Ofab rmadi nttiamen f ocus on
solution, it was decided to collect pri m;

purpose of reporting prevalence of such p
of having a betterraoabbdemstapdtnfii o&l kyrrae

and reporting of any pr obdrenmostiincheede B i Imaly |

l'iterature. There has been found a shor
problems of I ndian popucluarts eoosdowh ihe s dree os
even mor eAc¢cenpodentaamlt . doubl e dosing of 1insu

as a ptritorbdwegth t he hpe b otetnsetr ige ydicilyr @at eni ng

conditions. Another I mportant 1issue repor
of basal il .e. use of incorrect insulin pr
only manual met hods | i ke mai nt aiomuinndg tloo g s

be used. Regarding pr eiftertldaes et afragret s rparptu |

willing tweauwsabndemstalrdi r ¢ h o iwdaebteailnsgo odfefpeernedc
t hem.
4. RPa studyprobldemsaidf insulin dependent di

The first objective of th@ossudgybehegpua
insulin dependen® Ho apbudrtpiacs eptorpuucltautrieodn,. v
guestionmadirwi deldad niwers5 psaed sas a tool
sample size of 100 egiasmpnuge pobagsebsampliond !

Results have been el aborated and di scusse
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4. 2Sampl e

Overview

(through

Demographic D

Tabll7e Gender Distribution
Gender Frequency of Response | Percent
Female 52 52
Male 48 48
Total 100 100
Among the samplwe esdremay ede eaInbh 48% Thi s r
approxi mately equal participation of both
The samples were asked t choose Aperopri
groaunpd Gender wise oSammimp | Riss thraistbabd8iesmnlpr e
Tabll8ge and Gender wise Sampl e Dis
No. of Respondents Gender
Age Female Male Total
10-15 yrs. 1 2 3
16- 20 yrs. 2 6 8
21-25 yrs. 9 8 17
26- 30 yrs. 15 16 31
31- 35 yrs. 5 4 9
36- 40 yrs. 4 3
41-45 yrs. 2 6 8
46-50 yrs. 6 1
50+ yrs. 8 2 10
Total 52 48 100
Among surveyedf saenppabdte@ildhi n t3M0e yaege sgr
foll owed by 17 % wi5 hyiemd ¥sgpea eg radbw@ @ge¥% 0D1ly e ar
fall withing t-331% wyv@a&r sg,r o842 Oodd dd8d3 waylehair s 1

i ndi v,i7dw dlall y
3% fall

Educati onal

wi t hi-In5 aygeea rgsr.o u p
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Tabll9% Educational Status
Educational Status | Frequency of Response| Percent
10"7 Secondary 3 3
12" Senior Sec. 10 10
Diploma/ ITI 4 4
Graduate 57 57
Post Graduate 23 23
Doctorate
Post Doctorate 0 0
Other 2 2
Total 100 100
Empl oyment status of resp@fdents

4 .

Thi s

respondent s

Tab20 Empl oyment status
Emp. Status Frequency ofResponse | Percent
Employed 38 38
Unemployed 6 6
Student 19 19
Retired 4 4
Homel maker 12 12
Self Employed 14 14
Freelancer 5 5
Any other 2 2
Total 100 100

2H2 al tPRlrotf

part of

associ

Questionnaire)

ated wit

guestionmaial e hemeguiat ed

of Respo

has been

of Respon

alk @

h di abetes.

Since how long are you taking insulin for diabetes management?

98



Tab2le Dur ati on

respondent s
29 %
and

_ Percent
Duration
(Responses
0-5 yrs. 27
6-10 yrs. 29
11-15 yrs. 14
15+ years 30
Total
100
Response:
30% of
foll owed by
usi ngb fyeaar0s
How many ti

your

Tab22 Frequency

me s
doctor 6s

Percent
Frequency
(Responses
Once 3
Twice 10
Thrice 16
Four times 55
More than
16
4
Total
100
Responses

of

do
prescribed

of

Us e

l nsul i n

FigbOeDurati on

have

H&év e elma esn

you take i

i nsulin use i

55

ml =2 =3 =4 =Morethan4

FiglteFrequenc
Usige

99

reported
participdmlt sy evaln & .

14 % usi

nsul
regi me.

n

l nsul i
to have
h2vé heac
ng for
n n a
24 hour ¢



More than half (55%) of the surveyed samp

16% for more than 4 times a day and 16% f

What do you use to inject insulin?

Tab23®ata regatasngi ns®edbi very Syste

Percent
(Responses

Insulin Pen 60
Syringe 11

Pen and Syringe both 21
Insulin Pump only 2
Insulin Pump and Pen both 6

Total 100

Majority of surveyed participants (60%) h
delivery.

Pl easeapmperl erxrti ate options related to min

injuries that occur in daily Iife NOT maj

Tab2de Selpforted healing speed of sk

Percent
Statement
(Responses

Minor injuriesusually get healed up within expected tin 66
frame.

Minor injuries get infected due to slow healing proces 26

Minor injuries require medical attention. 8
Total 100

This has been enquired major |l yhetad i magv evha rc
is taken as is a measure of skin health.
st at e mavimor injurkesausually get healed up within expected time fréme.2 8

percent of respondents end up iman injuries geting infected due to slow healing

process.
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Do you catch seasonal flu and infections

to recover?

This has been enquired as a measure of ge

Tab25% Responses to being infected anc
Precent
Response
(Responses
Yes 28
No 46
Not Sure 26
Total 100

Majority (46%Deirreg piomfléatnae di owfigehfuens!|l vy a
getting recovered within 10gediaf ecitféldut Wet b

and infections frequently and take | onger
Select your preferred site for injecting
guide and follow the code to answer. You
Tab26e Preference for I nsulin | nje:
Preference| Frequency of Response
Abdomen 78
Thighs 69
Arms 23

This has been enquired for having data r

which will be i mporgtaamtenitn ade \pelro mibng g cg me
stuldgspondents were allowed to choose mu
abdomen foll owed by thighs. Arms appear t

the respondent s.

After how many times of use do you discar

This data indicates pen needle/ syringe r

measure of skin health status due to freq
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Tab27®en needl e/f rSeyquenngcey r eu s e

Frequency of responsdor | Frequency of responsédor
Needle use frequency penneedlereuse Syringe needle reuse
frequency frequency
1 0 3
2 4 5
3i4 24 12
6i 10 32 4
More than 10 times 26

Maj ority of respondennetesdli®eawoe magr € 8@ %) o f v ¢

more than 10 times (26%). Use of insulin
cause of skin problems in insulin using d
How do you rotate between injection sites
The respondents were provided i mages repr
were asked to choose the one which is fol
more than one options if they foll owed mo
Tab28 Site Rotation Pattern as follo
Site Rotation Pattern Frequency of
Response
I move back and forth from right to left side of my 14
body.
| move from one site to another. 29
| inject about a fingebreadth from where | injected 16
previously.

My pattern describes a circle around my injection g 9

| do not follow any specific pattern. 31

| do not rotate injection sites. 7

106
The data collected indicates that majorit
pattern and rotate randomly. 7% respondec
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agreed to follow a site rotation pattern

rotation and prevent skin related complic
Do you feel swelling or | ump under the sk
ti me (weeks, mont hs) of injection insulin
Tab2% Respobeségou feel swelling or | ump wu
i njection site after some to me (weeks

Response Frequency of Response Percent

Yes 57 57

No 43 43

100 100
This data clearly indicates skiit€tmprelpaetred
injection of insulin or abseooe skiaf heat
Have you noticed any of the following con

more than one options.

Tab30e Responses for presarnceae nasfulvariinyecd

Frequency
of Interpretation Percent

Condition Response
Pain 28 40.58
Bruising 24 34.78
Prolonged Redness 13 69% of respondents have fac| 18.84
Hardness of skin 35 these conditions. Out of total 50.72
Appearance of OR who have faced such
feeling like a small harg conditions, individual
bead under your skin percentageare mentioneth
upon touching the site 29 next column. 42.03
immediately after
injecting
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Insulin leakage from
skin after taking out 32 46.38
needle.
31% of respondents did not
31 N 31
None face such conditions
Total 192
4. 2DBabetes, Dai |l y -2 idfe u eSsotcii centrya i(rPea)r t
Tovhat extent do you agree to the followir
Tab3le Frequency of responses (opinion)
Strong| Strong|
i Agree | Neutral | Disagree| i
Statement Agree Disagree

People have little or no
knowledge about insulin 60 32 8 0 0
dependent diabetes.
There is stigma around use |
_ o _ 41 31 20 7 1
insulin in public.
People misjudge insulin use

. 31 40 22 6 1
with drugs of abuse.
| am NOT comfortable with
how others react on insulin 34 30 18 11 7
use.
Taking insulin at public
places attracts unwanted 46 32 16 6 0
attention.
It gets difficult to search for 4
place to take insulin when |
am in outdooevents like 34 40 15 8 3
travelling, leisure outings,
parties, family gatherings etc
Insulin stigma has adverse

o 15 28 29 22 6

effects on my social life.
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To quantify these responses, numer i cal Vi

Description of assigned vaBlies has been p

Tab32 Descraspstiigpmed fNumer i c al Val ue

Numerical Value Assignedto obtain Mean Score
SA-5 A-4 N- 3 D-2 SD-1

To cal cmkastceorteh e oat eme Mt

Each response needs to be wvreelpdélties by s ars
mul tiplying the frequenauwyylaiked as unensipnogn slep
val ues which gives the score.

O Nty v O gnazt O gntzo Oi &Nz ¢

O gntYGl1) = Score

This gives the total scodevbled Byat kPeen:

participants nelsdrOdr eof obtahattheatement.

DOOYDES OYO DO Qa'QE o

Of gHYFu  Oi @f@zt O @fhzc Ol gDz
Oi G p
pTT

Af ter cal cul ation of mean score for each

with the rangkd3f@rmrdvinded pasetati o and pr ec

Tab33 RanMearm obcor e

Range for mean score

Strongly Disagree| 1to 1.80

Disagree 1.81to 2.60
Neutral 2.61t0 3.40
Agree 3.41t04.20

Strongly Agree | 4.211t05.0
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Tab3lde St at ement

wi se Analysi s

Statement Mean Score Interpretation
People have little or no knowledge about
. . ' 4.52 Strongly Agree
insulin dependent diabetes.
There is stigma around use of insulin in
_ 4.04 Agree
public.
People misjudge insulin with drugs of abu 3.94 Agree
| am NOTcomfortable with how others
_ _ 3.73 Agree
react on insulin use.
Taking insulin at public places attracts
_ 4.18 Agree
unwanted attention.
It gets difficult to search for a place to take
insulin when | am in outdoor events like
_ _ _ _ _ 3.94 Agree
travelling, leisureoutings, parties, family
gatherings etc.
Insulin stigma has adverse effect on my 3.4
social life ' Neutral

Respondents have:

Strongly agr ee ®eoplehave titke orsnb Enbvdeahge mkiout insulin

dependendiabetes

RemainedNeutral to the statemenfinsulin stigma has adverse effect on my social

lifed .

Agreed to the remaining statements.

Through these weighted mean scores, it is evident that people using insulin for diabetes

management are facingtigma and problems associated with social perception of

insulin and its use.

Have you ever missed/ forgot to take insulin at scheduled timings?
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TabldI5SResponslasetypgpod ever missed/ forgot t
ti mings?0o0

Response Frequency of Response Percent
Yes 70 70
No 30 30
Total 100 100

70% of respondents have agreech&we forgotto take insulin at scheduled timings
This finding resonates with the finding of the pilot study. This data is sinolzative
of forgetting/missing as a significant problem which needs to be addressed for solution.

Same as done during analysis of pilot stu
2 major -categobroeral and Unintentional . Re
analysis and presented bel ow.

Please select one or more than one suitable reason for forgetting/ missing insulin

dose unintentionally from the below list as per your life experience.

Tab36e Reas&oslewiAtlsi gned

Reasons Code

| forgot unintentionally. R

| got confused about having already taken insulin and got uncerta

had to skip it to stay on the safer side. S

| was occupied during my scheduled time and afterwards, | becan

confusedabout whether | had previously taken it.

| was confused about the dose of insulin to be taken.

| never forget.
Other:

s <l c| H

Please select suitable reasons from below related to intentional insulin skipping

that apply to you. You can select more than one option.
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Tab37e Reasons with Codes Assigne

Reason

Code

| skipped because Iwasinapartyandul dnodot fi nd

complete this task.

| feel uncomfortable to look for a separate space to inject when | g

with my friends/ relatives.

I was in a long meeting/ official work.

Major disruptions in my daily routine due to famédyents, sudden
guests, urgent unexpected work cause confusion of already taken

insulin.

Al

| have never faced such a situation.

A2

Other:

A3

Tab38 Resfproengsée®@mcy easons

Forgetting/ missing insulin dose unintentionally
Code Frequency of Response
R 35
S 27
T 26
U 3
\% 32
W 0

Tab39% Resfproengsdle®mc \Reasons

Intentional insulin skipping/ missing

Code Frequency of Response
X 14
Y 10
Z 12
Al 31
A2 50
A3 0
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Wh a 't is the frequency of

unintentional ) ?

TabdbOe Frequency

such events

of Missing

Frequency Frequency of Response Percent
Never 27 27
Rarely 41 41
Once a month 23 23
More than oncén a month 5 5
Once a week
More than once in a week 2 2
Total 100 100
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27% of respondents have n@wteroff orgmai rion
responde&h%sforget rarely, 23% forget once
mont hf,or2Zget once a week and remaini 2%
Have you ever faced problem of accidental double dosing?
Tabdle Occurrence of Accident al Doul
Response Frequency of Response Percent
Yes 33 33
No 67 67
Total 100 100
It is alarming to note that one t of
doubl e dosing
Have you ever reached emergehgyomégrcaalimi s
caused by accidental double dosing?
Tabd2 Requirement for Emergency Med
Response  Frequency of Response Percent
Yes 12 12
No 88 88
Total 100 100

Requirement

of emergencyhywmpdgk ywtaauessmirda iboye <

accidental double dosing has been reporte
4. 2Edonomi c
How do you perceive the cost nvol ved i n
that best describes your opinion.
Tabdd3®erception of cost involved in d
Response Frequency of Response Percent
Not at all burdensome 7 7
Slightly burdensome 27 27
Moderately burdensome 25 25

110



Significantly burdensome 24 24
Extremely burdensome 17 17
Total 100 100

The cost (monetary)
burdensome by 27% of

significantly burdensome

respondents and not at al

respondent s,
by 24%

ofbeéeina bceotnessi d ma e d g ean

moder at

respo

burdensome by

|l ocati on

To wh at degree has your al
management ?
Tabdde Expense shift towards
Frequency of Response|  Percent
No effect/ Not at alshifted 12 12
Slightly shifted 30 30
Moderately shifted 26 26
Significantly shifted 32 32
100 100

(32%) of
significantly shifted
that the

Maj ority

mentioning

respondent s

expenses

by 26% and no effect/not at all
Choose appropriate option that
expenses on your family budget.

Tabdb5 | mpact of Diabetes

Frequency of Response Percent
Negligible impact 4 4
Minor impact 29 29
Moderate impact 39 39
Significant impact 28 28
100 100
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Respondeintdsi chaatveedi mp éntotdde)r adtieabet es r el at ed

t hdiafrmi | y. b2d®ethave indicated a minor in
significant I mpact and the remaining 4%
budget s.

l s the cost of managing diabetes | imitin
i fe?

Tabdlbee Ef fect of di abetes rel ated cost

Frequency of | Percent
Response
Yes, significantly 25 25
Yes,moderately. 29 29
Yes, slightly. 29 29
No, 1tds not I imiting 17
of life. L
100 100
SIight to moderate | imiting 1 mpact (bot

expendon uatelser adpects obsti bé diabetes
respondents have reported a significant |

on expenditures on other aspects of |ife

4. 2Sbudy Speci fic

The aim of this section is to collect important information relevant to the desiamihg

developmenbf clothing.

Are you allergic to any kind of fabric? If yes, mention name or type of that fabric.

TabdZ7e | nf orrengaaridoinng al |l ergy towards ¢

Response | Frequency of Response| Percent
Yes 9 9
No 91 91
Total 100 100
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Majority (91%) of respondents have not reported to be allergic to any type of fabric.
Those who have reported to have allergies henantioned synthetic material,

polyester, silk, georgette and velvet in description of material.

What type of fabric do you prefer for daily wear?

Tabd8 Preference for fabric typ:

Response Frequency of Percent
Response

Natural fabric only 41 41

Synthetic fabric only 1 1

Blended fabric 7 7

No specific choice, only cost matters to 10 10
|l dondt have knoy 13 13

| have never thought about it. 28 28
Total 100 100

41% of respondents prefer tmve natural fabrics for daily wear, 28% have never
thought about it, 13% lack the knowledge of fabrics, 10% have no specific choice and
only cost matters to them, 7% prefer blended fabrics and the remailing 1% prefer
synthetics only.

Does the timing of mealtimes, particularly insulin injections, impact your clothing
choices for outings?

TabdoResponbPesstohe timing of mealti mes, ¢
I mpact your <c¢clothdng choices for
Response Frequency of Response | Percent
Yes a7 47
No 37 37
't doesng{
16 16
me.
Total 100 100
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Nearly half of respondents (47%) agree to have an impact on clothing choices for
outings particularly when a mealtime is involved. 37% disagree to hawepact on

choice and 16% opine that it doesndt matt

Please share your experiences and thoughts on how taking insulin during outdoor
events (functions, parties, workplace etc.) influences your decisianaking

process, style preferences, and overall comfort when it comes to selecting clothing.

This question required subjective experiences of the respondentsaAdigsingthe

responses received to this question, it has been found that

1 Clothes that are revealing injection sites are selected by respondents for outdoor
purposes. Exampi€elraditional lehenga choli revealing the abdomen part so
that insulin can be taken without disturbing the entire look, polo shirt and jeans
which keeps tharms free for taking insulin.

1 Bulky, multilayered and heavily embellished clothes are being avoided. Clothes
that need to be tucked in are also being avoi@etkpiecedresses are being
avoided by female gender.

1 Uncertainty about the availability of a private space to injeatlin results in
lots of confusion and difficulties in choosing clothing.

1 It has also been found that people skip insulin intentionally due to fear of the
aesthetics of their dress being disturbed.

1 Respondents feel limited options that can suit this particular purpose without
hassles.

1 It has also been reported that the site where insulin has to be taken outdoors has
to be decided first and then keeping it in mind, dress needs to be chosen.

1 Ripped, cut work designs momeparticular injection sites specially arms are

being chosen for ease.

In continuation to question 33, is there any specific style/ features in clothing that
you prefer? Select one or more@ppropriate options from below.

114



TabSl0e Preferences for specific style of

Frequency of Response
Asymmetric dresses 14
Overlapped pattern dresse 13
Short 17
Zipper 13
Ripped 3
Any other 7

4. 3tudy of fabric tbherngedti cpadulfatri srki n of

The

us e

present stud

fabric which

of manufacturing

i nd

ustry. 't has

y i s focused on developi.
I's sustainable in ter ms
process, dyeing i s a maj

been taken catbhathahedegasn

resulbbéndfeincicaolnt act with the human skin w

ben

efit. AsS ment

preslalyt requi r eme

of
be
cho
it
fab
hav
pro
Ma n

The
fig

= =2 A =

i oned, whil e expl aihnisng st
nt as a part of evolving

clothing coupled with the expectation

found toget he
sen to be wuse

rr in medicitnaxtiyl es chha e

d for the present study.

erature as at hsee cionnfdoarrnya tsioounr caev aainlda bl e

ric manufacturers, i nf orpmadd want meanrta olr
e also been wutilized to gain informat.
cess, cost , availability of fabric,

ufacturers were then coptacpedctioemeéehte

process starting from sample procuren

ure 14

has been deci

ded to complete this proc

Suitability (physical appearance and f
Af fordability (cost)

Avail ability

Functionality (reports of textile test
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On the basis of Suitability

On the basis of Affordability

On the basis on Availability

5 Organisations

contacted for
sourcing of Fabrig
Samples

Supplierl

Sample
found
suitable

Sample
found
suitable

Supplier 2

Sample
found
suitable

Sample
found
suitable

I
Supplier 3

Sample
found
suitable

Sample
Rejected

FiglbdeSel ection of

116

Supplier4

Sample
Rejected

Fabric

Supplier 5

Sample
Rejected




Samples fradmas8dpRRluigavieerbeen found suitat

suitability for construction of a one p

affordability and have been found avail ab

3 sluipgopr s have been rejected.

The next step iIis to get the samples teste

samples have been procured quantity as pe

Laboratories.

Supplletrall 3 varieties procured

T Cotton Poplin

T Cotton Chambray

T Cotton Cambric

SupplOree WVariant procured

T Ayurvedic dyed, cotton (plain woven)

Total 4 samples were then sent to NITRA T

On the basis fodr resmudttisomdiCiati neadf Poamp he sv

sel efcweerBtew(eh7) meters of Cotton Poplin fal

Madder was purchased for development of ¢

4 . Besigning of garments in accordance wit
anel®ctigamr neefnt5 designs for construction

After selection of suitable fabric for tfF

of garment designing was started with the
T The gar ment should provide easy acces:
t hat taking insulin in outdoor condi t
designed in such a way that taking i n:
and aesthetmnts of the gar me
The garhmairctd mipawii tbh et he fabric selected
The garment must not compromi se on aes
gar ment and remain functional at the s
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T While taking -mamtei wried hpoiarbtosv,e it shou

i mportance that an electronic Thirguit

circuit will keep a |l og of time of inj
selected for injecting each insulin do
comes to avoiding accident al doubl e dc
patht arnd data thus obtained wil!|l be he

preparing peragenaglliamed healthec

T At |l ast, the garment must be suitable

el aborate care and maintenance.

With these tcwefsti @W25)atoinoensp,i ece bifurcate
known as O0Jumpsuitsd were desi gmiEad hand
of them was assignel , a0k @RS asrndrds-o ngn fr
25 for identification purpose.

For selection of five (5) garments whicl

was used as a tool for study. 't was <ci
selected through purposive sampling and
bel ow.

The respondents were asked to select 5
ot heir opinion on ease of access to com
gar ment , overall |l ook and their persona
choice had tolpeSassngneldoRaek-Badntdosbe
on tnkl ®Bance ranks assigned cannot be
obtained was then convetralblilg ctoor esc oorfe se al
gar ment hatvieo rbeede ni fMmetnh e col umnwihifc h hies r

represented as a code.
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Conver

TabSlle Frequency of Ranks and
Frequency of Ranks
Garment

Code Rankl | Rank2 | Rank3 | Rank 4 | Rank 5 Score
JS 01 0 0 0 0 0

JS 02 0 0 0 0 0

JS 03 3 5 6 3 1 60
JS 04 0 0 0 0 0 0
JS 05 0 0 0 0 0 0
JS 06 3 2 2 3 1 36
JS 07 0 2 0 0 0 8
JS 08 0 0 0 0 0 0
JS 09 0 0 0 1 1 3
JS 10 0 0 0 2 2 6
JS 11 0 0 0 1 1 3
JS 12 0 0 0 1 3 5
JS 13 1 0 1 0 2 10
JS 14 0 0 0 0 0 0
JS 15 4 6 6 1 2 66
JS 16 0 0 0 0 2 2
JS 17 0 0 0 0 2 2
JS 18 1 0 2 2 0 15
JS 19 0 0 1 2 0 7
JS 20 0 0 0 2 0 4
JS 21 0 0 0 0 0 0
JS 22 0 0 1 1 2 7
JS 23 0 0 0 0 2 2
JS 24 1 0 0 0 1 6
JS 25 7 6 1 2 1 67
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Tabbl2e Sel ected 5 garment designs as

Position in
Gar ment C Tot al S

preferenc

JS25 67 First

JSl5 6 6 Second

J S0 3 60 Third

J S0 6 36 Fourth

J S8 15 Fi fth

The above table summarizes 5 garments al o
as afbasithreir final selection. déesi gmage

along with their codes have been presente

Pl 4t eC-adde 2 Pl &t eC-adde 1 Pl &8tCo dXkS O
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= 5
Pl adiCeo deS 06 Pl &1Co deS 18
4 Bescription of selected 5 garments. Des

patterns for selected 5 garments and f i
Selected 5 garment designs have been pre
el aborate presentation of the selected 5
sketches which ided,iugirehiedget al |,drl dfptagpad@at i o
pat t(eornnsl: 10 diewveh opeal ¢d)or gar ment constru
gar nteonntst Beéd be@. proceeding to the next se
bl oaclkong with dr afhtiicrhg hiarss thretleant iaddrnagpftteed f ¢
pattesaelsedooed five designs.

Measur efnoberntDsr afti ng Basic Bodice and Pant

Chest Circumfchhresnce: 32

Wai st Cir cumfcehresnce: 29

Bodi ce 1l6e nigntchh:. or 16.5 inch (as per desi gl
Shoul denrc:h els4

Sl ekergt h: 15 / 16 [/ 17 inch (iansdipve rd udaddli
with draft)

Tot al Gar meiflc Lesaigt h

Hip Circdifemenes:
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Wai st to Hiipndlregt h:
CrotchlbDbephbhes

Wai st to Xde® ilrange $:
Wai st to Ah&liendreggt h:

Drafting I nstcuBbdboese ¢(DaBabess)

Note: Seam All owances not included.
0-1= Bodice Length

0-2= Ar mhol e depth

0-3= Front Neckline Depth

0-36= Back Neckline Depth

0-4= Neck Width

0-5= Across Shoul der/ 2

2210 = Ghrecsumf erence/ 4 + 1 inch (ease)

Sqgquare down fr olmO.poMartk 5i ntidrlsddtnieor® as p

56 = Shoulder Slope = 1 inch
8 i s -tple nvi.df 6
9 is half inch inwards from point 8.

Draw c&IrOvef dr back armmbhlRolferanrdonar ae mhhol e
210 -¥11

1-12 = Waist Circumf.erence/ 4 + 1 inch (eas
Join points 10 and 12 with a straight 1| in
Cut al on-g-1-p2 Bw-6-4 Bdr back bodice bl ock.
Cut al ongllpo®d-&3F4s f3or front bodice bl ock.

This basic bodice will be adapted for dev

0 4
o

3 p~4 6
3 =

2 ~.

Scalel0 inch
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Front Back
Scalwell@ch

Basic Sleeve Draft

Front

Scalel0 inch

Drafting I nstPanp(tB®aorntsl eosfs )Bas

0-1=
0-2=
0-3=
0-4=
0-5=
0-6=
0-2

Required Pant Length

i of Hip Circumference + 2 c¢cm
Wai st to Hip Length

Crotch Depth

Wai st to Knee Length

I -DMealsur emen't

JaHd4a -5a52al
Square down from point 6. Maar. kK Ma4dr ka tl 3t haet

interse4dai on of 4

4-7

of hip circumference [/ 8

4a8 4/ + 3 Ccm
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Posi timinnitaf90p 5cm i nwdarand rlonm micewrmwar ds
for front.i3iJ70.in points 9

Pei tioinntofstQ#o cm i nwards and 2.5 cm upwar
poi nt3ada.o

9-11= Waist Circumference /4 + 1.5 c¢cm
1012= Waist Circumference/ 4 + 0.5 cm
JoinM3llaAdB w2 th a slight curve.
Creas®arLkneaeg:

For Front: MankB mndpoeigmuntar@f dd wn

For B&Ilcek :=137. Square down from point 16.
7-13 =1415657~-143 Si nli3llaét 4 148 &8

Leg shaping has not beendgddjse |lier tt Isitg ab g
be adapted and shaped as per the varied r

10

0 6.-"‘""_'—-—-_-‘,_‘1

m ullp2 B

s

A3 3a

P4 l

J— 3 rd
7 4 13 167 |42 8

Front Back

()

| R . S e

) R ——— R

14

Pants Draft (Front and Back)
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Front Back
Scalel0 inch

The bodicdrahtde ¢ alpawer i mauest yused to devel o
jumpsuit as shown in the following diagra
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90

CF

3om 3om

Front & Back
Scalel0 inch

Af ter bl ending both blocks, herues eids atshe

foundation for all 5 selected designs.
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Front

Scalel0 inch
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4. 5Détails of Garment Code JS 25
Gar ment Opening: Front

A /\ | ) Fr——>spdlrly stitec
/.\/ \ | \

Cent er b Wtrtqatn
ensure wear a
Bel t

) F alPsoec k e t on
| —» seam. Detail
f ! pocket on ne

Frills all/l

seam. [ - (1

4

—————
e

Pl &t eWor ki ng25ketch JS

Pl ate 7thedpasaitteison of zippers which

f aci

injection sites provided in this design

128

W



Zip stitche
i _ » spirally st

OpeningVerti

Downwar ds

Zip stitchei
—” covered by t

From <center
horizontally

Zip stitche

pocket pl ac
—» outside |l eg
| ower part.

Vertically D

Pl a7t epiopi ti on supelX®mposed on bod)

Below is the detailed diagram of the stru

»Outside | eg

Buttons

—P®False Pocket

Box pleat at

Zip stitched
of box pleat
Opening: Ver
Downwar ds

Pl 88theet ai |l ed St Poct
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Pl &t eDi gi t al .23 ustration of JS
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Pattern

Bodi

Ma Kk i

ce

ng:

Dr afti

ng

131

GATHERS

Cut 2 pec.




Fi nal Out come

Pl atle Arm Zi p De

Pl at 2 Gar ment L
Pocket for zip

Pl datbe Jump8&it JS

Pl alt8e Abdomen Zi
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4. 5D2t aiGlag mefn t Code JS 15

Gar ment Opening: Back

Thodesign involves the use of box eidat |
| essgeam of the garment. The pleat i s provi
it can the apeesesd the | ower | ayetrhadfin thlee p

opened and cleseyl. adbesscreaarm and abdom

conceals the zip and adds to the aestheti

Same struct.

side seam a: J Cent ermuodfte t
center of ; embel |l ishedf
+— J with buttons
Same butto ; facilitate
arrangement . )| clooizng hidd
accrisdgden . seam

Pl alt4@&/or ki ng -Bk ¢
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Zip sti tseeal
—»Opening:
Downwar ds

Zip stitchei
_______ _ ycovered by
Froementer of
horizontally

—

—__  _» Zip st ntstehaem
out si del iloefg

| ower part .
Vertically D

ey
st e =

Pl altS2i p pesperomposelds on body JS

5

Sl eeve Cel

v

g / > Hidden Zi
> Button
Embel |l i shi
Pl altbe St ruct ur ¢
Simil ar structure has been used
outer side seam of garment | ower
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Pl alt7e Di gi t al
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Pattern Making: Drafting

Front

Lower
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Fi nal Out come

Pl alt9e S| eeve a
Lower Zip D

Pl &2t0e Abdomen

Pl at8e Jumpkauit J
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Gar ment Code JS 03

/
/
S

{ 2

4. 5D8tails of

X
kit
oY)

P

((
&

,\‘

%

S

)

\) ‘z /'
Yy
/,f "‘?;

‘\h
L

p l ¢
| \
,(;* | )
¢ (x
¢ g
‘/
(.
/i )
q {\
¢ )
) / )
o (
(AT o e )
Pl &tle Wor ki ng -0S3ketch of JS
Zi p possuipteironsp o aaed an rlkeaadryeo rssa neef -ASi. g Hiap i
is placed at the seams where circular <cas
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Pl &t2e Di gi t al
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Pattern Making: Drafting

PopICE FRONT Bonice Back

Cut 2
pC.
Circular
Cascades
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Out come

Pl &2t4de S| eeve Zi

Pl &2t5e Gar ment Low

Pl &2t3@¢ umps0i3t J

Pl &2tbe Abdomen Zi
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4. 5Dét ail s of Gar ment Code JS 06

Pl &t7e Wor ki ng -0ketch of JS

Zip Superimpositi-bh ®Oxagptamt samei msc tJiSon

which opens in reverse direction in this

»

/4\ » S|l eeve Cen

A

» Hi ddemn ZL @

Pl &2t8e St ructure o
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Pl &2t9¢e Thi gh Pocket in closed st a

This is thepoakmeanancea sofcl osed state. |t
as closures.

Qutside I ¢
seam

Button

Button to

her e.
Pocket f
opens to
back. Wh
it turns
front par :
arment . 3
9 4 This part
$ part of gt

.
*
3
»

Pl &8tbe Thi glhePacketd structure
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Pl &tle Di gi t al
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Pattern Making: Drafting

Sl eeve Upper

Bodi ce Froht

Cut 2
pe.
Coll ar

Sl eeve Lower

Cut2

pc. 3
Sl eeve Band

Back

Gar ment Lowe
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Fi nal Out come

Pl &83t2e JumpGa@ait JS

Pl 88t3e Gar mektal sew
andli p Details

Pl &8t4de Abdomen Zip
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18

of Gar ment Code JS

5DBtail s

4 .

JS

of

Pl &3tSe Wor ki ng-1S& et ch
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MM'A):
B————

Pl &8t7e Zi p/ Button Position superi mp

/\ p Buttons for e

arm as inject

Overl appi Overl apped La

Pl &8tbe St ructure o

Tulip sleeve has been used Iin this desigr

Buttons have been provided that can be us
gar ment sl eeve.
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Pl &3t8e Di gi t al
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Pattern Making: Drafting

Front

Sl eeve

Back

Gar ment Lowe
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Fi nal Out come

Pl o4tbe S| ee \De t Bu tl tso

Pl atle Gar ment Lowe

Pl &3t9%¢ Jumpk&ait JS

Pl a4t2e Abdomen Zip
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4 . bechnol ogy (Micfocodevel ogmentised circu

To ful fil the specific requirements of t
Adal ogger and Adafruit Feather MO Bluefru
have been f ouddas csriunbteadh | eT heesdadt iboonar ds hav
connected to zip which have been opoemv enrgt e

and cldas iatnadpabse | ogged and stored/ transmi

Adafruit Feather MO Adal ogger

This board is designed specwhical fullfgr at
with the objed¢tisvea eacahnt bwbi shbedyti cal evi:

studye as foll ows:

1.ProceSTsS AMD21G18 ARM Cortex MO processor
l nstructions provided to t hwhibcoha rwdo rakrse
at a rate of 48 nanldl ioopne rcaytcelse satp ear eslee
3.3 .volThes processor is fast, efficien
compl ex d@ziappeggs wigt ch sttahreowdmangend
(zipper switctrsedtined ht @ tcasebhoard.

2.Fl ash N\ebnbo rkyb
FIl ash Memory is the built in storage <c
storing the/ uplogdkahsfcfofdoir e dtat a f or c

applications.

3.SRAM2 kb
This is intended to assist the board i
data whiclveify ergevghnitiieydt he board .perfor
This al laoovas lcpbiidk ty of data hence i nci

4 . Oper Ptoiwiey. 3 V, 500mA peak valwue of <curre
The board has a regul ator to ensure a
supply a maxi mum of 500 milli Ampere o

5S.Power 1SWb3uB coer Battery
The board can be powered using two met
the board with USB cable to thbanport

manadge power supply as per the board

152



conn8cfTtvVvda hium Pol-yomer PoLYymérirumattery t

sl ot provided on the board. The board
6.5t orMigeer o SD Card Sl ot provided

A slot is provided for inserting Micr

capacity for | ogged data to be stored.

7.Ti me Keeping
This board does not contain a separate
clock (RTC). However, it a d9nfttRTC cooare
skewkhbhch uses intefromraltipmeocfessotlri dnsnern
present study

8.USB Connectivity
A USB port has been provided to conne
with a USB cable. A USB bootloader sof

ease in | oading amrdo gprreoms sti @ nt loed deedrudy
has also been made available for troub
9.20 Gener al Purpose pins for I nput/ Outopu

for the pur poseomtfrotldmdnrregectointpg neemd s wi t h
10P.in Number 13 is connectvdad utaddliayc a tead L HEDt
board is working.

11Di me n §51omm s*3cn2 G8cm

12Wei gt 3 gr ams

Adafruit Feat her MO Bl uefruit L E

1.Processor, FI ash Memory, SRAM, Operati ng
mi crocontroll e”Adafeusamé&éeas.hehaMOoAdal o

2.Wireless Connectivity
Connectivity isag@aptveéedeBdeubeyti onostiho L cawn E |
moduBleuet oot h bbwe EnERUE,gqasres very | o
supply in compari s$sechnohoglyubapaBt ueub
adapted vemamaosh|l wdf BEEet mgydw!|l e. i Asuped
t he manufacturer, adaptat i onasn dh aevnes ubreee
compatibility with the companyo6s 1| ine
systems. Thi siBdh awaerfd ui hcltlked ens® d al en RWB il
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chipset f.roln Nosr ddapabl e of connecting
both Android and ie®S aobp ersaht ian g wsoy smagyms
3.Di menssi.adnsm * 2.3 cm * 0.8 cm
4 Wei g5h.t7 gr ams
5.Data Storage
This device does not provide the faci
senssoor si,t essentially relies on externse
has to be transmitted via Bluefruit
(smartphodcaeansiweeeé
6 . USB Connectivity Adsafarlusiot sFaeneet.haesr tMOa tA doa
7.20 Gememrmdse pins for I nput/ Output have
for the purpose of connecting and contr.
8.Pin Number 13 is connected to a red LED

board is working.

4 . Devel opment of electronic circuit proto
4. 7U8ing Adafruit Feather MO Adal ogger

4. 7 MatEri al Used

Pl oAtde Adafr u

MO Adal og
(Mi crocontr

Pl a4t3e Condu )
wWire Pl atse Zi ppe

met al rur
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4. 7Cirzuit Schematic diagram

= e

FiguseCircuit Schematic Diagram

4. 7CilrZuit

Zi pper having a met ai ntsowiatecrh hiatsi tdhede any iecrdben
apl 8t3BEhi s has been deaeamhy ofdo lalso Miterssge mti hbee
(20l8)her tdhdZoppel ©6wtted ( Clornidgugcetri)voe Thr

Pl oAtbe Ci rcui t Setup
4. 7Sétd4p of ARDUI NO | DE

After connecting the micamdonhbhseitiengwatl
card in its sl ot pr oas dperbomked thigplnairdc r o ¢
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Ar dui softwar e

t he mi

DE

crocontroll

no |

er

5
HARDWARE @ Arduina IDE Setup

Installing
Plesse wait whie Arduing IDE i beng nstaled,

Yq

ARDUINO*

NEWSLETTER
Whistieblawing

Distributars

Pl a4t7e Ar dui n

nstall ati of
t he
th Ardui

packalgeafdrsupport

Af ter i

manadger

on
of

compati bl e wi

Help
Select Board v

BOARDS MANAGER sketch_may31a.ino

Arduino SAMD 1 setup() {

Type All ¥

Arduino SAMD Boards
(32-bits ARM Cortex-
Boards included in this package:
Arduino MKR WiFi 1010, Arduino
Zero, Arduino MKR 1000, Arduin

1814 v

Output
arduino:CMSIS-Atmel@l.2.0
arduino:openocd@®.10.0-arduino?
arduino:samd@l.8.14
Installing arduino:arduinoOTA@1.2.1
Confi
ardui

Pl a4t8e | ngArad Uiimo
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has

— SUBSCRIBE

no |

been

es, tutorials,
ime

FOLLOW US

o | DE |

| DE

softwar e. | t i s
Af ter

DE.

Processing Arduino SAMD Boards (32-bits ARM Cortex-M0+):1.8.14: Installing

- arduino:arm-none-eabi-gec@7-2017q4
nste

Ln1,Col1 X Noboard selected (21 B

SAMD Board

downl

nstall

ati

softwar e, a

addi

Support

on

b c

necessary

ng

oaded,

F



Af t e

avai

Edit S Tools Help
Select Board
BOA S MAN,

Adafruit SAMD

Type: [All
Arduino SAMD Boards
(32-bits ARM Cortex

uded in this package
(Programming
Port), Arduino NANC

1814 v REMOVE

Adafruit SAMD

Boards

Boards included in this package:

Adafruit Feather MO, Adafruit
her MO Express, Adafruit

17.16 v

Pl a4t9%e nst adbfSSAgMD Boar d

r i nst al

| abl e

8 sketch_jun26a | Arduino IDE2.3.2

File Edit Sketch Tools

sketch_ju
1

Help
Auto Format

Arcl Sketch
Manage Libraries...
Serial Monitor

Serial Plotter

Firmware Updater
Upload SSL Root Certificates

opt.i

sketch_may31a.ino

1

Output

Tool arduino:bossac@l.7.8-arduino3 already installed
Tool arduino:arduinoOTA@1.2.1 already installed

Downloading packages
adafruit:arm-none-eabi-gcc@9-2019q4

Processing Adafruit SAMD Boards:1.7.16: adafruit:arm-none-eabi-gcc@9-2019qg4

at

Board Boards Manager...

Adafruit SAMD Boards
Get Board Info Arduino AVR Boards

Bum Bootloader Arduino SAMD Boards (;

Pl &tog e |

ect

o

ons

o

n of

n
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of

Ln1,Col1 X Noboardselected (32 B
Support

board support

Adafruit Feather MO (SAMD2
Adatruit Feather MO Expres

Adafruit Metro MO Express (SAMD21)
Adafruit Circuit Playground Express (SAMD21)
Adafruit Gemma MO (SAMD21)

Adafruit Trinket MO (SAMD21)

Adafruit QT Py MO (SAMD21)

Adafruit NeoPixel Trinkey MO (SAMD21)
Adafruit Rotary Trinkey MO (SAMD21)
Adafruit NeoKey Trinkey MO (SAMD21)
Adafruit Slide Trinkey MO (SAM
Adafruit Proxight Trinkey M

Adafruit SHT4x Trinkey MO (SAM|
Adafruit Pixel Trinkey MO (SAMD21)
Adafruit TRRS Trinkey MO (SAMDZ21)
Adafruit Thumbstick Trinkey MO (SAMD21)
Adafruit ltsyBitsy MO Express (SAMD21)
Adafruit plRKey (SAMD21)

Adafruit Hallowing MO (SAM

Adafruit Crickit MO (SAMD21)

Adafruit BLM Badge (SAMD21)

Adafruit Metro M4 (SAMDST)

Adafruit Grand Central M4 (SAMD51)
Adafruit lisyBitsy M4 (SAMDS1)

Adafruit Feather M4 Express (SAMDS1)
Adafruit Feather M4 CAN (SAMEST)
Adafruit Trellis M4 (SAMDS1)

Adafruit PyPortal M4 (SAMDS51)

Adafruit PyPortal M4 Titano (SAMDS1)
Adafruit pyBadge M Express (SAMDS51)
Adafruit Metro M4 AirLift Lite (SAMDS1)
Adafruit PyGamer M4 Express (SAMDS1)

ions and updates won't be available_

iownloads arduino. cc/librariesflibrary.

Ln1,Col1 X Noboard selected (32

mi crocontroll

e

Packa

packa

r

b o a



Show Sketch Folder
Include Library Manage Libraries... Ctrl+Shift+|
Add File.

DMA Library

[NUM_SWITCHES Eitmzi

NUM_SWITCHES Firmata
P! HID
12s
BTC NS231 mres -
LiquidCrystal

Output
B sketch j jing IDE2.3.2

File Edit Help

¢ Adafruit Feather MO ...

LIBRARY MANAGER skelch_jul20a.i
RTCIib

Type: [All

Topic:  [All

| SWITCHES] = {AB, A1, A2, A3, A4, AS};
UM_SWITCHES] = {

[NUM_SWITCHES] ;

[NUM_SWITCHES];

PTC nEa”AT rr
Output

Downloading Adafruit BusI0@1.16.1
Adafruit BusIO@1.16.1
Installing Adafruit BusIO@1.16.1
Installed Adafruit BusIO@1.16.1
Downloading RTC1ib@2.1.4
RTC1ib@2.1.4

DS3231 by Andre Installing RTClib@2.1.4

ckert Installed RTClib@2.1.4
Arduino library for the DS223

2O Type here to search

Pl &tle Il nstal l i ng tRiIT@e 4dti dmpmirryg ffounattiso
Witk imstall ation of RTC library (for ti
handl e ,SDtltearddft ware beactoiaoend uvpldgdifrog

progranm os kiehtechcontr ol l er board.

4. 7Cbds5.ng angd Compil in

The aim of developing the code sketch th
state of zi pper switches (opened and cl o
(Adafruit Feat)herl tMOs Adwall ® glpeerabl e t o prov

x Zip (switch) opening and closing | og.
x Ti me of opening and closing (Timestamp
x Duration of time when the zip remained

x Name of the zip opened (Nomencl ature s
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x Log the entire data in a text file in

For the above requirements, Arduino code

as foll ows.

I ncluding Relevant Libraries and Defining

L)
m
P!
(@}
>
To

. 30)1t E.
. 3%t E,
. 24#1 EAY E,

LS ]
m m
> >
o O
> >
o 3>

ATT60 ETO .5-m37)4#( %3 " kK
AT 100 ET O OxEOAEOETONIl . 5-m37) 4#( %3+ * DZ dzt
AT T 00 AEAOI OxEOAE. Ai AOIl . 5-m37)4#( %3+ " LT
y2)' (4 !2-vt
y2)' (4 3)$% ! "$/ - %. vt
Y2)' (4 4()" (vt

Y, %&4 4() ' (vt
Y, %&4 3)3$% ! "%/ - %. vi
Y, &4 ! 2 - Y

dzK

This part opfr oveadess kef clal | rel evant [ i br
included for required functioning. Setup
ahead in this chapteHer&aP¢ , b&Pednadn RTKKebseb
been i nstructTehde tSD blei birnacrlyu diesd .r equi red f
RTC library is required for keeping a tr
ti mestamping and calculation of duration.

Zi pper switches have been attached to pir
number of switches, pin number with 1ts

nomencl ature are the constants which have

Def i M\la migabl es

ATT1T OxEOAE3O0OAOQAIN.5-m37)4#( %3+K
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ATT1 OxEOAE/ PATI.5-m37)4#( %3 +K

O1T OECT AA 1117 ¢Cc OxEOAE/ PATA4EI Al .5-m37) 4#( %3

24#m- EI T EO OOAK

&ET A 11T C&EI AK

Af ter defining constants, this part me nt
variables | i ke switch states, time, | og f
Next in sequanheemeate whech specify the se
the |l ongest part of the code sketch.
Gener alf dlolronvagd f or writing setup and | ooy

Ol EA OAOODPs s Dz
YY OAOOD Al AA OOAOBGAI A1 6O AOA xOEOOAT E

Pl &t2e Gener al Code Structure

160



Setup Functions

Ol EA OAOODPs s Dz
YY OAOOD Al AA OOAOBGAI A1 6O AOA xOEOOAT E
dz

Statements written for setup run only onc

x Initi asteeealt heommuni cat.i on, RTC, and SI
x Open a file for | ogging switch state ¢
x Set muprocontroll er pins for zi-pper S W

resi stor s.

x Reading and |l ogging initial switch st a

Loop Functions

Ol EA 111 Dsts Dz
Yy 1 AET AT AA OOAOQGAI AT 6O AOA xOEOOAI
AT 1 OET O1T 601 U ET OADPAOEOETT K
dz
St atement s written for | oop functi on ru

Statements wer e written t o:

x Monitor switch state and | og data when
x Provide data with timestamp.

x Provide data for which switch was open

Format foll owed -ME¥Y¥YlW¥mastdampmessaDpPi ng i

For instaRCcCe@HTIi §1l DBeABPOMEAtS pleh.ed®dasedd
14: 11 h8&2)] og emndtirsy bwiyleladw.be as

Date and time are separated by capital oT

Af tceormpl et i on of devel opment of code sket.

mi crocontroller using the Arduino | DE sof
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¥ Adafruit Feather MO ... ~

sketch_jul20a ino

99% (655/661 pages)
= ] 99% (656/661 pages)
99% (657/661 pages)
99% (658/661 pages)
99% (659/661 pages)
= ] 99% (660/661 pages)
106% (661/661 pages)

Done in 8.485 seconds Done uploading

O Type here to search

Pl &t3e Upl oading of code sketch onto
4. TE2eb6ution of the code

The exeacuwtdieon hofough the <circuit devel ope
presented below. AII activity and |l ogged
Arduino | DE.

To check the execution of the developed
switches, zips were opened and cl osed, a
seri al monitor was cross checked with ext
ti nfe oopening and closing of zip along wit|

it remained open.
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B sketch

File Edit

¥ Adafruit Feather MO

sketch_jul20a ino

O Serial Monitor x
!
Switch RIGHT SIDE ABDOMEN

Switch RIGHT SIDE ABDOMEN c 2 Duration: 0 minutes and 4 seconds.
Switch LEFT ARM opened at

Switch LEFT ARM closed at :58:40. Dur; 0 minutes and 14 seconds.

Switch RIGHT SIDE ABDOMEN

Switch RIGHT SIDE ABDOMEN clos 2 Duration: 1 minutes and 4 seconds.

11 Adafruit Feather MO (SAMD2

£ Type here to = C A By

Pl &tde Wor ki ng of Adafruit Feather MO Ada
4. 7U8ing Adafruit Fda&t her MO Bluefruit

4. 7 Materi al Used

0000000000
FAUSB13 o~ -« ,® /0 w 1 SCLSDA

2 et |

- © Tadafryic Tl new o §

feather M@

Bluefruit 3

Pl &tbe Adafr ui t
Bluefruit LE ( Mi

Pl &t7e Zi
wi t h met
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4. 7C2r2uit Schematic diagram

B
B

el

FiguéeCircuit Schematic Diagram

4. 7 C2rZuit

Pl &t8e Circuit Setup

Thi s circui-t connections have been di st

connections. The | ayer below white paper
the ground pin of microcontroller. The wup
contain wires that connect to the input/o
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4. 7S2t4ap of ARDUIbNG rlikRBE i nsAdafeditf oFe ats
MO Bluehadiets pl By eRlehtemaesd | shwsoviddi h. 4.

22

File Edit Sketch Tools Help

¢ Ada
LIBRARY MAN sketch_jul22a i
Adafruit Bluefruitl E nRF51 1
Type: [All v]
Topic:  [All ~]

Adafruit BluefruitLE Loop0) {

nRF51 by

Arduino library for nRF51822-
ba Adafruit Bluefruit LE
modules Arduino library for...

[1100 v]  Rremove

Output
Downloading Adafruit BluefruitlE nRF51§1.16.@
Adafruit BluefruitLE nRF51§1.16.0
Installing Adafruit BluefruitlE nRF51@1.18.0
Installed Adafruit BluefruitlE nRF51@1.10.8

O indexing: 7/35 Ln1,Col 1 Adafruit Feather MO (SAMD21) on COMS3 [notconnected] (31 5

- ‘ -
L O Type here to search * % o = ?

Pl &t9e | nstall ed Adafruit Bl uefruit

ino IDE2.2
File Edit Sketch Took Help

¢ Adafit Feal

LIBRARY MANAGER sketch_jul22a i
RTCZero

Type: [All
Topic:  [All

1o0p() {

c lities. For Arduino
MKRZero and MKR1000 onl

REMOVE

Output
Downloading RTCZero@l.6.@
RTCZero@l.6.8
Installing RTCZero@l.6.@
Installed RTCZero@l.6.8

In1,Col 1 Adafruit Feather MO (SAMD21).on COMS [not connected] (12 B

B indexing: 3/35

~ ¥ .
- £ Type here to search * Q A

Pl &6tbe I nstall ed RTCZero Library

After installing |ibraries, board and por
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4. 7Cdd35.ng and Compiling

The aim of devel @mptdhneg etnhtei rceo deel escktertocnhi ¢ ¢
data transfer functionaldi.t7ywilarbe asma mel da g i t
the data collected must be transmitted ¢t}

device (smartphone). Storage of data has

Fotrheasegqui rements, Ardui no d¢ @&da fsrkueittc hF ehaat:
MO Bl uefwhuicth LE descri bed as foll ows.

l ncluding Rel evant Li braries

CET Al OAA | AAEOGEOM" , %t E,

CET Al OAA ' AAEOOCGEOm" 1 OAEOOEO, %m30) t E,
CET AI OAA _24#: AOTt E.

These | ibrariestboavhanttleencommbouideadti on o
internal <c¢clock of Adafruit Feather MO Bl u

Defining Pins for the Bluefruit LE SPI

CAAEET A ", 5%&25) 4m30) m#3 A
CAAEET, B %&25) 4m30) m) 21 W
CAAEET A ", 5%&25) 4m30) m234

HerCeSnea(m&Ghi p ,ISRI me@inrst err uRSMRaf(pBes e} )
The defined pi nsSearPerlif plné i &ceoanpmeurnpi ocsaet ioofn
the Bluefrwit LE modul e

Decl aration of Constants and Vari abl es

ATTO00 ETO .5-m37)4#( %3 " kK

ATT 00 ET O OxEOAEOET Ol . 5-m37) 4#( %3+ " D2 dzt

AT T 00 AEAOI OxEOAE. ATl AOIl . 5-m37)4#( %3+ " T
y2)' (4 '2-vyt+t vy2)' (4 3)$% !"S$/-%. vyt v2)"'(
Y, %&4 4() " (Yt Y, %&4 3)3$% ! "$/-%. Y+ Y, %&4

dzK
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~

AT 1006 O61 OECTAA 111 ¢c AAAT O1T AASAl AU 7 tsdzdzK

ATTT OxEOAE3O0OAQAI.5-m37)4#( %3+K
ATTT OxEOQOAE/ PATI.5-m37)4#( %3 +K
OT OECT AA 1117 Cc OxEOAE/ PAT4EI Al . 5-m37) 4#( %3
Tot al Number of switches along with their

t o whiarhe tchodnyae chh eealnd edbeocu nacree dDel B g pBement

false readings due to switch bounce.
Switch states and time have been defined

Setup Functions

Ol EA OAOODPss Dz
YY OAOOD AT AA OOAOAI AT OO AOA xOEOOAT E
dz

St atements written for setup run only onc

x Start Serial Communication for debuggi
x Start Bluetooth module and prepare it
x Start the internal clock.

x Set all microcontroller pinsipageisnputor

enabl ed.

x Read initial switch states.

Loop Functions

OTEA 111 Dbsts Dz
Yy |1 AEI AT AA  OOAOATI AT OO AOA xOEOOAIT
AT 1 OET 01 661U ET OAPAOGEOGEIT k
dz
Statement s written for | oop function ru

Statements were written to:
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X

Check for data avail eafmleBletodhy filbdata Bl uet o
is found.

Continuously reazdompeareclvi shatemstandtd s
register | og for opening or closing wi

of time when the switch remined open i

Commands t o handlfe daocmmuwniitchatBilounet oot h

Si

z A

EA EAT A1 A1 OAOT 1 OEs s Dz

s oA o~

OOAOEA OEIT 0amO EAQ " @K

p>]

A s Al At AOAEI AAT As sy Dz

m\

EAO A 7 Al At OAAAs & K

EALZ sA Al K& A Dz

ET DOOI EANR K* A
DAOOA#T 11 AT AsET DPOOS K

EAQG " &K

dz Al OA Dz

ET POOIEA@I 1+ » AK

EA sEAQG | OEUAT A5 ET bDOOs s Dz
EAG " &K

dz
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OT EA PAOOGA#T 11 AT AsAT 100 AEAOIl Al As Dz

EAZ 5 0001 Ail Ps Al At Yv4)-%kyt I8 7" dzt Dz
ET O UAAO+ 111 OE+t AAU+ EIT OOt 1 ET OOAt OA7
OOAAT As Al A 1 WisckfUAozf Az Adzf Ak 4 dztf Ak 4 dzff Av ¢

Yi11TOEt YAAU+ YEI OO+ YIET OOAt YOAATT ALK
OOAt OAOG4EI AsET OOt 1T ET OOAt OAATT ALK
OOAt OAOSAOCAs AAUY Wi tztz@EK UAAO
BAOEAT t POET O11sv4EIi A OPAAOAA OEA "1 OAOI
dz

dz

Two commands have been hmeemdli eoBile@e@tdbo ot ht(
parseCommahed¢¢ read incoming data towards
i s the initial time command whi ch has
handl eBlawemmaond (Jet ects and reads i ncomin
passeparge Comwmamrd ( wi | | break down that da
This command will update the internal o
smartphone only if the data rTdd®E ved (con

The sketch t huscopnmpepl arde danhda supbleocanded t o |
Bluefruit LE using the Arduino | DE.
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File Edit Sk

e ¥ Adafruit Feather MO

sketch_jul22a ino

{

", &year, &nonth, &day, hour, &minute, &second);

month, year)
("Time updatec Bluetooth™);

Compiling sketch...

Ln 142, Col 1 Adafruit Feather MO (SAMD21}on COM5 23 B

O Type here to search

Pl &tle Compi |l ing Code Sketch

¥ Adafruit Feather MO

sketch_jul22a ino

", &year, &month, &day, &hour, &minute, &second);

(642/649 pages)
99% (643/649 pages)
99% (644/649 pages)
99% (645/649 pages)
99% (646/649 pages)
99% (647/649 pages)
99% (648/649 pages)
108% (649/649 pages)

Done uploading

© index 3 Ln 142, Col 1 Adafruit Feather MO (SAMD21) on COM7 (24 B

. .
@ O Type here to search * Q Iy =i ?

Pl &t2e Upl oad Code Sketch to Microc
4. 7 EXe@ution of the code

For checking the exeseatevaasyyredcennemnnan
a smarfFehomnfki Bl paf pobst ,pCowvbhgdeldAappuit | nd

was downl oaded i n smartphone
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The circuit developed with Adafruit Feath

was already connected, progra®ONedtanaeg.rea

Select Device

I

¥ No filter selected

Name:  Filter by name

@ -100 dBm

Show unnamed devices

) st v GART S Bl uetooth was turned ON in thi

> Mtipe UART mode 1 Connect App was opened. Withi

. Adafruit Bluefruit LE DFBE

el PERI PHERALSO option was s el
mi crocontroll er board was s el

communication by tapping onto

Wiht t hi s, the connection has b

Pl &t3e Bl uefruit
Establishing C

€ Modules

Adafruit Bluefruit LE DFBE
all -70dBm

Info

UART

m

A/ Plotter

i pinio

. I n the smartUAROInewappompehed t

Q  Neopixels send and recelve data
[ Thermal camera

[&] image Transter

[+] updates

Pl attde Bl uefr
Ap-cecti on Se
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(5311 TX  TIME:2024-07-22T12:53:00

Firstly, a cfoonmmatd: | *™MMEheYYVYY
DDTHH: MMW:aSS typed and sent to 1
set date and time of i ts i nte

di splayed with time foll owed b

SEND

Pl a6t5%e Bl uefr
Ap-sent Ti me

As the command gets r-&cleimeed, diatt edli sp laa yBs

the seri al monitor of Arduino | DE on the

" Adafruit Feather M0 ... ~

sketch_jui22a ino

ut[idxs+] = c;
(idx >= sizeof(input)) {

", &year, &month, &day, &hour, &minute, &second);
ime(hour, minute, second);
(day, m

1 Serial Monitor x

Bluetooth initialized.
AT+FACTORYRESET

Time updated via Bluetooth

Ln 142, Col 1 Adafruit

- - =
" | O Type here to search *#* % o =

Pl ®tbe Ser i al Monitor of Arduino | DE di spl

No w, the actual execution wazsi pghercskewi tbot
Log dat aotARTVisedtlieon on the Bluefruit Co
orSeri al Monitor of the Arduino I DE on con
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B sketch jul22a | Arduino IDE

File Edit Sketch Tools Help

¥ Adafruit Feather MO

sketch_jul22a ino

(
p(cmd, "TIME
year, month, day, hour, minute,
d- 2dTX 2d:%02d", &year, &month, &day, &hour, &minute, &second);
, minute,
(day, month, year - 2¢
rintln("Time updated vi

Serial Monitor X

DiusLOULD LoiLidiized.
AT+FACTORYRESET

< 0K
Time updated via Bluetooth

Switch LEFT THIGH opened at 2024

Switch LEFT THIGH closed at 2 1. Duration: 0 minutes and 11 seconds.
Switch RIGHT THIGH opened at

Switch RIGHT THIGH closed at - i minutes and 16 seconds.

Ln 142, Col 1 Adafruit Feather MO (SAMD21)on COM7 (24 B

~ 1254
O Type here to search of Ho. - Wme 2 B

Pl &6t7e Logged Data on Seri al Mo n i

? @ .4 @80%
marr
x ©

TIME:2024-07-22T12:53:00

Switch LEFT THIGH op
ened at 2024-07-22T1
2:53:30

Switch LEFT THIGH cl
osed at 2024-07-22T1
2:53:41. Duration: 0
minutes and 11 seco
nds.

Switch RIGHT THIGH o
pened at 2024-07-22T
12:54:04

Switch RIGHT THIGH ¢
losed at 2024-07-22T
12:54:20. Duration:

0 minutes and 16 sec

onds.

SEND

Sent: 25 bytes  Received: 272 bytes

4 e

Pl ®6t8e Logged data on UART secti on
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4. 18ncorporation of developed electronic ¢

The garment has been designed and constru

insulin sites. It has also been designed
zips sewed on it as switches. The circui
devel oped to monitor insulin timing, site
tested for its functioning. The functi on
simultaneous with physical handling of sw
happening of events and their | ogging. St

kept separate because there was a need of
for ensuring washability. Except t his, i

devel oped circuit.

4 Bv.aluation of developed garments and pr.
The electronic circuit and constructed g:
(5) end users i .e. people using insulin f
proviTdneersse. end wusers were femalPaug pofsi age

sampling technique has been used t o s e
Questionnaire has been used as a tool for
have been prepared, one for end wusers ar

questi caomaiirsea ed of cl ospdiendedtgngssicahs
mul ti ple choice type questions) with one
suggestions. Al respondents were demonst
workingpwasned to them. After <circuit der
which provide easy access to common i ns:.
respondents were then requeBhedr ¢ Dulrtes pof

eval uati omr dhsaerret ok einn t hi s section.

4. 9Résults of Evalwuation by End Users
PARTEWMal uation of gar ment

The respondents were first asked to rate
and appearance (aesthetics) of t he gar me
provi dedp wminnta rfatvievgr-fso@hle dtBraaler y Bad.
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Tabsl3 Frequency Distribution of Rat
Rating Obtaine
Very Very
5 amet GoodGOO Neut |Ba B ad
Overall 4 1
Fabric 3 2
Appear &g 3 2 0 0 0
The rating frequency diNumermbiud dlasv plase bek
54have been assighed tal egldhrtcorm@sipod sebt ai
on each .parameter
Tabblde DescrAspstiigotne d fNumer i cal Val ue
Numerical Values Assigned to obtairScore
SA-5 A-4 N-3 D-2 SD-1
The meamalscwlraet ed (calcul atddrasamdéintpiac ma
was compar ed dteos ctrhieb erdanignest asbsl e 55 for t hi
Tabil5 Range for Mean Score
Range for mean score
Very Bad 1to 1.80
Bad 1.81 to 2.60
Neutral 2.61t0 3.40
Good 3.41t04.20
Very Good 4.21t05.0
TabSl6e Par ameteam WWicoeg es
Parameter Mean Score | Interpretation
Overall Design 4.8 Very Good
Fabric Texture 4.6 Very Good
Appearance 4.6 Very Good
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An

appearance

dat a

Speci alweenfefdoer twhi | e eg&@smegmti ngot keep

over al

of i

I opinion

of

t he

ndi vi dual

of

dr es s

opinion

has

b e e nP & rocuenndt

on

respondent s

t he

regar

same

t o

gqu

f unct

hi ddenimaki by same asTheyr eaospomadengtias magt
attempt has been successful
The gar ment i's designed with features po
and trims I|ike zips, buttons which have
common iinjection sites in this gar ment .
appriopt eness of these for the intended u:
asked to rate the idea of wusing them for
TabbSl7e Responses to appropriateness
Pockets| Frills Cireular Layers | Belt | Zips | Buttons
Cascades
Yes 100% | 80% 100% 80% 1007 100 100%
% %
No 0% 20% 0% 20% | 0% | 0% 0%
Tabil8 Frequency Distribution of Rating ob
Feature very Good | Neutral Bad very
Good Bad
Pockets 5 0 0 0 0
Frills 3 1 1 0 0
Circular Cascades 2 2 1 0 0
Layers 1 2 2 0 0
Belt 4 1 0 0 0
Zips 5 0 0 0 0
Buttons 5 0 0 0 0
To obtain an overall vi-dewstor bedemerdieaale$
val e has baeensimswbgared 4r ange for mean sc
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foll owed tasb Idsdbvogmetahni ss,core for i dea of wu

been calculated and the interpretation ha
Tabil9% eature Wi se Mean Scores and I n
Feature Mean Score Interpretation
Pockets 5 Very Good
Frills 4.4 Very Good
Circular Cascades 4.2 Good
Layers 3.8 Good
Belt 4.8 Very Good
Zips 5 Very Good
Buttons 5 Very Good
Proper placement of these features is cru
use. Al respondent sfeaver agraed apptophi

conveniently placed on the gar ment .

Next, the respondent g ewearn e dp rt eawidcheads g5 danea
respond in YES or NO to express their opi
Tab6lbe Responses to Statements (I n

Statement Yes No

Comfortable to wear 100% 0%

Well Fitted? 100% 0%

Causing irritation while wearing? 20% 80%

Suitable for daily wear? 100% 0%

Suitable for different weather conditions in India? 80% 20%
Al respondgat mefivuadmt et abl e to wear, ‘
daily wear. 80% of respondents did not f
suitability for use in different weather
As per the data collected, the aspects of
is the use of | ayers and fril Layers h
using insulin and frills are subject to f
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PART-EXaluation of use of technol ogy for

frequency and site selection

Af i-peirmatt i ng scal@o ode witBraa¥eGooBad was pr ov
rate the usei(oanohetbnbphggiyns$ohinfdr eqmencygi
and (b) the use of zip as switches for | c

(b) as O6Very Goodbod.

On being asked wlhaentfloen atoh ey wwithlgliae breeatt rso n
(assuming that they have beemBOtVeotf ed eadmpa n
opted OYES6 and 20% opted ONOO6 but al |l r
working of electronic circuit and operat.

and the circuit i s accurate in performing

Al | respondent sf bhratvlee ir ead ® vaenledoeghmoehost tr roafiti ettdh
for use amdgatmémedst hat they woul.d @uwtcomn
of the two variants of <circuit demonstra
preferred Bluetooth variant over SD card

were convenvenitamwi$h both

Towards the conclusion of evaluation be e
what additional features do they amaht t o

were@equest ed hteoe cpornonveinddeat i o/n sf/ e esdubgagceks.t i ons

What additional features do you wiastha t o

received is as foll ows:

x 't may provide suggestions for site se
x Al arm system on suspect of accident al
x | ntegration of collected data with glu

tootice dynamics of insulin activity a
Suggestions/ Recommendati ons/ Feedback re

x Garments other than Jumpsuit should be
x Manual data entry feature in case if s

x Use of technology has been appreciated
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4. OR2sul ts of

Five Healthcare
the purpose of t he
respondents have

done with end

el ectromnd dirresisiets

Al |l respondent s

suitable for t he

Eval

user

uati on

been

S,

devel oped

ent i

by
Provideewalhaatti bre.enT ey rw

r e

wor k do

presented a

Heal t hcare Pr

ne and

quest i

healttrhad aerde tphreo vfiudnecrt:

stated

responded

wer e

OYESO® on

purpose.

Six (6) stptewmmameld,t her @ espondent s

agreement/ dif s-@geireaét menrigto sccra & a h

TabollResponses t

o

statements

di spl ay

being

wer e a

statement

provi de

St atement

Stro
Agr e

Agr

Neut

Di s a

Stro

Di s a

The data collected is clear ang

well understood.

5

0

Data collectedhrough the

circuit developed would helg
the subjects in self

management of their

condition.

Site rotation data would hely
the subjects to follow
prescribed patterns

effectively.

The data collected would
better supporealthcare

providers in making treatmer

related decisions rather tha

relying on reported facts.

The data collected would b€

helpful in detection of errors

179



in adhering to the prescribe

insulin regime.

Data collected would be
helpful in preparation of

personalized treatment plan

_ 1 4 0 0 0
that would potentially
improve the health of the
subject.
Numerical val aemsl ranlgpe sad ®ir game dosbbds®o r e s i

respectively.

Tab6l2e St atement Wi se Analysis based

Me a
Statement Il nt erpr e
Sco
The data coll ecteddi.s| 5 Strongl y

Data collected through
hel p thesemdnpaegdadmentn| 4. 6] Strongl y

condition.

Site rotation data wol(
. 4. 6/ Strongl y
prescribed patternr

The data coll ected wol
providers in making t| 4.2 Agr ee

rather than relying

The data coll ected wol
: _ 5 Strongl y
errors in adhering to
Data collected woul d
personalized treatment| 4. Z Agr ee
i mprove the health
Al'l respondent s h avees eraercconmnaenndd edde vieu rotphmeern t

systems for heal th management and monitc
di abentdced the data collected through su

consideration whilefmakengybBeamt hsdesiedi p
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The current concept iIis developed to ease
and communication technology. 't is not i
di agnosed disease which could result in s
this study. After having eval oaptéeNdOOt Heo er

extedhdsamadept use for other medically di a
Towards the end of evaluati on, the resp
comment s/ DBagaeseédceo®insed i s as foll ows.

x This is beneficial for the user when wu
x For heal t hcare providers, a consol i de

irregularities highlighted for effici
devel opment consindemhtasodamhgegwbebt suga
Xx This system dmangogelhe e&to.ri nsteelrff ace shou
friendly so that everyone can use it w
x Compl ete data is HCPasfel nbor coewereynedb
detsapecially when everything i.sA going
suggestta omr aswimem ap hi ¢ for insulin sit:
devel opment which coubdanids gltllsipgerste fiircr e
patskirgqhl i ght s &CPOoismpotrt aint te® really

devel oped properly .and integrated on g

4. 1Bypothesis
The statement of hyipeshgai sgwasdstcansdtr a
Clothing for insulin dependent diabetics

time, site selection and frequency. 0
The hypothaspectsvers 3

a)ymonitoring of insulin injection ti me,
b)site selection

c)frequency

The data coll ected t hr oallgthe rervaatl iuvaet i hoynp chtahs
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cl ear

dat a c
anc

under sto

Sc

Respon

Me an

AStrongl

by
respond

al |

Supporte
Al l
hypot hesi s

three

supporte

182



regi me.

respond

The data co
better su Su orte
_ PP Me an -Slc ( PP
_ providers Al'l three
[ Respon _
treat ment . hypot hesi s
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CHAPTER CONCLUSI ON

The study AfDevel opment o f Sustainabl e S
di abeitaiscshoeen conduct esdnafrdr cd ew ehli mgme notr o
heal t h mohnriotuogrhi nggar ment wd & shi gsnp eicn tad r Vvf eonctuis
using insulin for diabetes management . Al
alsakes swgtaihmadlithayednahi asdaptati on to

l' i festyle.of AmMhetwempdteohas ibeemr cl ot hi n
possithbhiels and benefits Theataiim asn ddrert
problems and daily challenges faced by th

as a result, enhance the experience and q

Objectives of the study were:

| . To study the problems of insulin depen
| 1 .To select various fabrics which can be
peopl

e
11 To creat garments wusing different des
s
e

e
acces to common injection sites.

Il V.To wus the concept of smart <clothing
injection sites on selected gar ments
injection time, frequency, and site se

V. To evaluate the smart garment system b
in performance, wearability and mainte

Secondary s oéoxtcedsy hamgadiad s ipnr odbd ptms , r ev i €
avail ablienliherfdoumeof published research
publ i dateiponmd s arodr gvaenh wi@tt & soonge i n this fie
utilized. To gain further insight, pri mai
survey method usi ng Pa owdleimka toefd tghuee stta rogne
have shhewuedn ed under i3Hemdjtdr Paatbd geanrsi, e sEc on c
and SoPrablUsms of primary data becomes ev.
those problems or situations for which |

reason hasd udege dptewapgfriecval ence of probl ems
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could not be foumkdnidmngesf foifcit et samoenyt co

of firsthand i nformation are as foll ows.

Il n approxi mately equal proportion (count
participants who reported to be taking i1
the questionnaire which enquired about t
econofmyt hoe respondent. This questionnaire
guestTihoensse. questi ons were necessary for (
objectives.

Maxi mum partici pangtrsoudp8iRobygad st ¢ 3t1ke & oé |
125 yearasnd lailkout equal di stribution of ¢
these two alajgroupsohbl sbe respondents r
insulin for moaglel avwed blys Y% ref responder

durati-bd6 pyéabs. |t has been found that mo
taking insulin 4 tinMmes haveayngemsaggarlan u lc
health, it was askeeawket ber wmit mon it hjeuek
without gedandnmaj oifietcy eldave expressed the
on t Mmet preferred insulin injecting sit
foll owed by thighs. This preference i s i

garments and providing easy access to co
reuse hasshabdbhi whleld t hrough many studies
negative i mpact on skini clan etshes imgme §é rctang
32% of respondents reportetOtoi mesrtabl oy
29% of then reusesg Rot ambregthasullOdOnti mje
i mportance as reducing needlllen roefu sree sfproengdi
have also reported notwhtid ef o/l%d odw amoy sf pod ¢

rot aMaroen.t han half of respondents (57%) h

the skin after 1 nsuwltibf afnsaks mamseft| eemsk
hardness (35%), insulin | eakage from skin
appearance or feeling of a smal/l hard bece
after injecting (29%), painiahdi bsul Bhngs

symptoms of poor skin health and highligh
For the present study, it indicates a nee
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pattern and preparation of effective pl a

providing sufficient healing time. The sn
this requirement which is a part of objec
Significant issues associated with insul
Sti gma, mi sjudgment o f i nsulin as drugs
finding a private space to inject finsul
insulin in such sitwuation which have a ne

heal th. Along with this forgetting [/ miss:s
been reported by 70% of respondent s. Thi
a tention for further action and solutio
uncertainty | eadindgetimgphbacyutatonarey smhesl
confusion have been identified as reason
whil e major disruption in daily routine

unexpected work as oauswvahteitvheeragerrstud i oif ha

not , skipping because of unavailability
meetioddgici al wor k., being uncomfortable i
when surrounded with family/ friends hav
insulin missing/skipping. Accident al dou
respondentfsg.guffrhe i s significant enough as
range up to death. It has been an attempt
with smart clothing. Forgettiaffy casubeni t
andeffuency. I't also helps in resolving dc
dosing can be avoided by resolving confus
accidental double dose i f it has akesady
and reducing the time spent in severe hyp
The cost involved in diabetes management

to moderately burdensome and a significa

di abetes management. An equal number of 1
t he ocfosdi abetes management i's moderately
expenditures on other aspects of I|ife. A
this case. This has been enquired to have

the papgkation.
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Some data directly related to devel opmer

enquired about allergy to any kind of fab
i mpact of mealtimes, particularlyoihbhsulin
worn for outings and influence of I nsul i
preference, and overall comfort when it c

responses wahesd eloencstiidreg efdabr i de sfiogitnh tahge g ¢

garment for the present study 1 .e. jumpsu

After study of probl ems of the target po
construction was selected. For this purj

expectation from clothing to provide hea

pomuli on were taken into account and medi c
suitable for use in clothing construction
on the basis of its suitability fadr Itiheg ¢
in required quantity and functionality (t

Moving on towards the third objective of
properties of sel encitredd agnaginBebhd o bweefrer keetpe d
designs were prepared and presente3d to tF
years) for selectibheolhade galolimeapg p alaersd mnes

use The selectakemediogmarwerdr®r constructi

Objective 4 was concerned witb appl uyussepons

mechani sm at common injection sites on s:¢
monitoring injection tinkehisfrhekagsuemegn dao
solution to identified problems as discus

selected and zip has been converted to b
regi ster an event. The pwisreduitto lhgpsermdaen id
that it registers every insulin injection
was the switch turned OONO (opening of

(calcul ation of durati on) and when was t
Nomeaatcdr e for each zipper switch has beer
injection site. This nomenclature has al s
it registers the name of zip opeagfatsidt ead o

geregi stered in the | og along with timing
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tation pattern can be obtained. This is

real |l ife and for HCPO6s in identifying
ta can also provide useful Iispandfbut tHC
urse of action if the user faces compl
is, 2 circuits were created. The differ

datea.one using Adafruidcdretart dilelre rM0Os tAaraé
card mounted on it while the other on
crocontroller to transmidt the coll ected

uetooth Low Energy communication techno

was decided to conduct an evalwuation
asibility, aesthetics, accur aacfy systpemf
nceatr ment and circuit wer weareahbidleidt yt o:
i nt ewvmearecenot.Feanal bmtesd Weti cs of the gar
rfor(mhaumcce odnalhiet ) rcuit devel oped was
nstructed garment and both circuits to
utli mminteat i on and asked for t heir opi ni

e | oA nseenpgaureasttei onnaire was presented to

erall design, fabric texture and,appear
iwas the highest available rating on t
spondents opined that the garment compl
equal proportimmost(l4y0 % | isgmmed ke dwitthratt h &
wever a demand for <creating other styl
pressed by them. Al respondents agreed
natli dreatures while keeping them hidden

ich were used to create easy access t(

aluated for appropriateness and the id
c keltlss, flbbral t zip, button received high
d | ayer s. Through this evaluati on, t he
tted,rinocating, suitable for daily wear
garng i mprovement in garment functional
d frills as |l ess suitable.

188



Use
and
el e
and
t he
fur

sug

of technology for monitorsngei sglUlkchi

the use of zip as switch received hig
ctronic circuit and use of zippers as

a majority of them expr ddgshe deltelcatr otnh e
ir garments i f wuser safety is proven
t her devel opment of the circued whnhdhit

gestions for additional features that

prefemanpoged ® %) respondents preferred to

i ns

tead of SD card as a mode of data tran

HCP6s responded positively when asked fo

intended purpose. They have expressed st
t hrough ciurncdueirts taamd aibti ¢ i t yma n & ge nuesnetf ud yn e
useamd detection of errors in adhering t
respondents have agreed that data woul d h
preparation of personal i zRdc qprmmmerstl aftdronb «
further devel opment has been received f
suggestions. According to them, it the wus
woul d be consi der ed trheldieachIsa ofnosr. maki ng h
This study aimed to address daily |ife r ¢
for di abetes management by | everaging th
evolution in the field of we a@ln alelce i oac H
innovation and devel opment of health focu
which does not stop at functionality but
and ae3hlketpiodwi keinlhiathci ng quality of [|ife
interdisciplinary approach has been ado |
traditional hol i stitcexthielaéd g bdrymeaamtg, dseyss tgen
mi croelectronic engineering and communi C
attempt has been made to address the br
outcomes through innovation and sustainahb
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has been observed as

future studies.
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common insulin injectio
be op
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SUMMARY



SUMMARY

The tthesliesd " Devel opment of Sustainable S
Di abetsesa med at developing smart <clothin:
management which aids themel opmealtt ofmana

this study is based on four aspects
a.Current state of Textile and Apparel |
b.Environment and Health | mpacts of Text
c.Shift in Consumer Expectations
d.Emergence of Smart Clothing

These four aspects |l ed to the devel opmemt
of smarwhckbot aemgiescrement al amd heéaltt H odd

the |ifestyle of the wearer. This has be
solutions that are not just | imited to b
environmentally conscious atf urhteh esra nmea rtriol
down towards peopl e usi ng insulin for d

ment iacsneadrget population for this study.
to respbeidr tlboi festyle requirements and e
sustainable in terms of environment al i mj
with the requiremeéscsowmdanyhel moeranumwerha
identifying the nature and prevalence of
addressed through devel opment of smart «cl
idenfti dyytthing went wundiscovered, pri mary
necessary. This is even more i mportant wh

Il ndi an p®quulidtiizam.g validated questionnai

col l.echRieddi ngs of the survey resonated wi
| it er atduerpet.h Asnt uchy of social, economic anc
data through the same survey provided fur
insulin use and factors to be Tchoen sriedssuletds
hi ghlighted that the target popul ation
mi stiming an insulin dose,harcmitdleent laé aldto
|l ongevity .ofl ntshud fpernoan rotation of insul
associated with insulin use are also amon
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After study of the results obtained, fabr

accordance with the requi-daeyneax ge wtfattihoen:

clothing. To ensure sustainability and p
nat al fabric wasDadteac i rdeclda tteod bteo uhseerdb. a | d
effects on human body has been <coll ected

literature @&sd pmbh@icathemnedrasi s of suital
funmcal oty and availability, cotton (pop
Pomegranate was selectede apdecedrbasfdas &t
(Jumpwuifea)Yures that provide easy access
were designed for female gender ensuring

on them. These jumpsuits were then preser

21 to 300 yheaadr st owhshortl i st 5 jumpsuits f
compl eted onofbaad¢sesosf temseommon insulin
per sonal preference. The selected jumpsui

exploration for appropriate technology op
Suitable teohsei walecempeneted, and the cir
woul d be capable of monitoring insawldin in

l ogging this data for future reference.

Circuit has been developed in 2 wvariants
gar ment were presented to end users i.e.
and Healthcare Providers for evaluation.
design, appearanceamdo tthhee giadame na f usi ng
monitoring insulin tinkeo,sistiitvee srealteicntgi ohna sa
for the wuse of functional featuresoho pr
sites. Heal t hcare providers have positi Ve

stated purpose and t he da tnaa ncaoglelnmeecntte db ya nu
providing inputs for healthcare provider:

have been received from end users and hea
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Wearable Evolution: Mapping the Strengths, Weaknesses,
Opportunities, and Threats of Smart Clothing

BINDU CHATURVEDI' AND NIKITA SACHWANI*
'H.O.D. and *Reasearch Scholar
Department of Garment Production and Export Management, Government Arts Girls College Kota
University of Kota, Kota (Rajasthan) India

ABSTRACT

Smart Clothing is a part of rapidly evolving wearable technology sector. It is an outcome of the idea of merging
electronics and technology with clothing to impart a fanctional aspect to clothing in addition to the traditional
ones. The journey from a concept to the present-day innovative products presents a transformation in design philosophy
with the integration ofelectronics and clothing, beginning a new age of user centric design. Global market rends also
indicate a strong growth in wearable technology sector with applications like bealth monitoring, elderly care, daily life
aid, fitness tracking, sports, fashion, entertzinment, self-defense etc. Considering different aspects of wearable
technologies, the present study is an attempl to analyze the strengths, scrutinize weaknesses, explore opportunities,

and address threats associated with smart clothing.

Key Words : Wearable technology, Smart clothing, Strength, Challenges, Oppartunities, threats

INTRODUCTION

Smart Clothing is a rapidly evolving branch of
wearable technology sector. By integrating electronics
with clothing, it brings together the fields of technology
and fashion to impart functionality beyond negular clothing
and revolutionize the way in which a wearer interacts
with their clothing and the environment. It marks a shift
by which garments are not merely fabrics but a participant
ina person's life, assisting and easing out daily functions.
Itis aimed at increasing wtility while maintaining comfort.

Smart clothing is embedded with sensors, actuators,
control system, communication modules and power
supply source (Fermandez-Carames & Fraga-Lamas,
2018). Display unitsare also included depending upon case
and reguirement. Sensors gather real time data from the
environment {eg. Temperature, UV, light intensity, air
pollution, motion, pressure applied) or the wearers body
{eg heart rate, body temperature). This collected data
acts like a stimulus for the entire sman clothing system.

‘Brain of the clothing™- the control system processes the
data received from sensors as per their pre-defined
algorithm and sends command to actuators {eg. - vibration
motors, light, sound) for performing phy sical action. The
communication modube is responsible for exchange of
data between the clothing item and external device (like
a smartphone), cloud storage, or a network like loT.
Bluetooth, Wi-Fi, Mear Field Communication {NFC) and
other communication protocols are used to establish
connectivity and interactivity of clothing. By virtue of its
capability of continuous data transfer and synchrontzation,
smart clothes offer connectivity and customization which
makes them useful for diverse applications like health
monitoring and diagnostics, hazard detection, fitness
tracking, sports performance enhancement, posture
cormection, self-defense, military use, fashion and
entertainment, skepwear, elderly wear, daily life aid for
specially abled and many more to come. Garments
embedded with emergency alert systems possess the
capabhility of notifying selecied contacts in case of distress
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