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Abstract The object for the investigation 15 chemical protective clothing (CPC), which totally coves dressed human body together
with gear: breathing apparatus, breathing mask and helmet. The end users of such clothing are the members of rescue team —
firefighters. The results of 3D scanming with stationary Vitus Smart X XL scanner and portable Artec Eva scanner are presented.
The possibilifies to export scanned bodies mto spectalized CAD systems for st design development are analysed. The necessity
to understand and to implement corvesponding clothing matenal properties durmng 3D visualization of garment on CAD systems
are presented. Obtamed results showed, that virtual fittmg supplemented by scanning procedure significantly contribute for the
implementation of mass customization concept not cnly for tradifional garments, but for specialized work wear, as well.

Eeywords— Safe work wear, 3D scanning, CAD syvztem, Maszs customization.

I INTRODUCTION

Fashion industry is an exceptionally viable area of activity
that employs oullions of people by creating extremely igh
profits, and which touches each of us wherever we are and
whatever we do. In the second half of the 20th century the
concept of clothing as non-processed item started to
donunate. Technological progress and nsing middle class all
over the world have led to the appearance of "fast fashion”,
which 15 accompamied by uncontrolled environmental
pollution, the excessive use of resources, the phenomenon
called "modern slavery”™. Still land resources are limited, and
rapid global warmung forces mevitably lead to new added
value chains that mmst ensure long-term sustainability - the
circular economy and the waist-less society.

The approach of 4th indusirial revolution accelerates the
efficiency growth of fashion value chains due to the
integration of data analysis, robotics, sensors 3D scanming
and printing, internet of things, votual and augmented
reality. Intensive digth=zation of the majority of design and
manufactuning processes leads to mass customuzation, which
still 15 not widely available option for companies producing
fashion and specialized clothung, e.g. personal protective

garments. The widespread use of CAD systems m garment
mdustry to design patterns along with database resulting
from 3D scanming technology of the human body, are
perquisites for virtnal modelling of the dimensional
correspondence between 2D patterns and concrete human
body [1]. All these innevations concemn not only radifional
garment mdustry, but specialized protective clothing, as
well Due to the huge number of vanables mmwvolved,
numerous levels and types of chemical protective clothing
systems has been technologically developed [2]. It must be
noted that such clothing 15 worn on fully dressed human body
and often equipped with specialized gear, what makes
comfort fittmg of them more complicated. Thus, the aim of
this research was to develop the dimtized method of
chemical protective clothing (CPC) prototype generation,
which would comprise 3D scanming with hand-held scanner
technology together with virtual fiting, 2D pattern creation
and material consumption calculation software by providing
maximal comfort of developed clothing. Additional task was
to Integrate smart commmumcztion system into CPC for more
efficient and safe work of firefighters” team.
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I OMmcT oF THE NVESTIGATION

The object of the mvestization was chemical protective
clothing (CPC) for frefighters Trellchem®WVES of
encapsulating design (type VP1), mze XL. Techmeal
charactenistics of the selected type of CPC show that it 15
resistant to a wide range of chemucals for more than 8 hours.
It 15 also resistant to abrasion and flame due fo matenals and
seams multilaver stucture. A visor and standard zipper
applied m this CPC are both chemucally resistant.
Trellchem®VES CPC suit follows the requirements of
standards: EN 943-2/ET; EN 943-1; EN 1073-2; EN 14126
[31

I Full BobyY 3D SCARNMNG METHODOLOGY

In circular economy digitization of value chams takes a
special place, especially where earher only physical objects
- buman medels, paper patterns, real textile pre-samples, ete.,
were used. Virualization and dipitzlisanion of design and
manufacturing processes allow to create products 1n respect
to personalized needs of any customer, who becomes not a
passive user, but an active participant in the value chain
Such processes are based on mmovatve IT techrologes: 3D
scanning and 3D pnnang, product wirtualisation and
ammation, new digital e-commerce formats, and co-design
development platforms. These techmologies provide
sustainabality by digihzing physical objects, e.g. paramemic
dummies, scamned human bodies, ete., which may be
accessed any time. anywhere.

In global production time 15 2 guarantes of suceess, which
to a large extent depends upon the product development
process, which 15 an intermedizry between desizn and
manufactunng and mainly deteroumnes brands appeal and
customer lovalty in terms of product zppearance, comfort
and price. Nowadays plenty of software exsts for 2D design
and 3D try-on of clothmg. Such names of CAD compames
as Gerber, Lectra, Optitex, Audaces, etc., have already
become an integral part of the everyday hife of a larger or
smaller clothing company, producing tradiional, as well as
speciahized and protective garments.

The aim of this invesngation was the adjustment of CPC
patterns 1n respect to the opfimal comfort between the
dreszed firefighter’'s body with full gear (breathing
apparatus. helmet and breathing mask) and the surface of
CPC, whick nowadays 15 performed with contemporary
pattern making and virtual fiting CAD systems (Fig 1}. For
this reason, firefighters” full bodies were scanned with hand-
beld scanmer Artec Eva apd stattonary full body scanner.
Modans 3D Fit (Lectra) CAD system was chosen for CPC
smit virual ftting and 1tz comfort assessment, because this
software provides control early on in the product hifecycle,
Le. shortens garment development cvele by reducing the
need for time-conswming physical samples, mamal gradng
and phy=ical fit sezs1ons. After the peneration of firefighter's
virtual body, 1t was imported into this softerare for CPC suats
visuahzation and simmlation on scanned model Scanned data
was processed with Artec Smudio 11, which 15 mdustry-

acclaimed szoftware for advanced 3D scanning and data
processing (Fig. 2 and 3).
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Fig. 1. Cross-sections of firefighter with foll pear and CPC suit dunng
fiting imvestization at straipht sanding position.

Fie 3. Cross-sections of firefizhrer with full gear and CPC suit duning
fitting imvestization at bent body posidon.
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Virtual fittings of CPC on parameterized mannequin from
Lectra database and on scanned firefighter with full gear
justfies the poszbility to assess the comfort level of
specialized clothing, but 1t depends on the constuction of the
garment. In Modans 3D Fit software three types of shp-on
points neck, hands and legs are used for garment draping
simulation. It means that draping of hood, front visor and the
bag for breathing gear on the back must be draped manuzlly
using pull fabrie by point or hine funchon, because no shp-
on point 15 provided for such parts of clothing. It 15 also
important that scanming of workers with different types of
equipment allows to customize clothing taking into account
not only workers body shape and measurements, but the size
of worn equipment. Even more that the gear, which 15 wom
for different jobs differs in size and shape.

IV, INTERMAL AMND EXTERMAL COMMUNICATION S¥YSTEM OF CPC

The second tazk of this mvestigation was to develop close-
fithng holsters that would integrate radic transmitters,
headsets, remote speaker mucrophones and other devices,
which are necessary for firefighters and rescue team
members to enswe better intermal and  external
communication between them dunng different type of
accidents. Such vests will be univerzal. 1e. could be worn
under the CPC, which covers the whole body of firefighter
together with gear (breathing apparatus, breathing mask and
helmet). Also it would be adjustable for highter types of
clothing, e.z. when gear 15 wom on the top of protective
clothing. Sewing and embroidermg technelogies will be
apphied to incorporate electronic components into garment.

V. CONCLUSION

Customer needs and behavior in the fotuwe will become
more complex, more focused on new technologies and more
difficult to predict. The market will be less favourable to
those brands that tradibionally rehied on loyal customers, as
they will have plenty of information about different brands
and will possess wide choice for options even for specialized
and protective clothing. Mew onhine technologies such as
virtual fashion shows, mobile payment infiastroctures, efe.
will help to personalize customer commmunication adding the
value of sustainability, which 15 mseparable from waste and
pollution reduction and product life-cycle extension.
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