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Abstract

The purpose of clothing is to express an individual's style, and to meet the wearer’s protection, functionali-
ty and comfort needs. Each of these requirements must be met in order to satisfy human needs and achieve
a garment’s functionality. Another function of clothing is to hide physical disabilities, if possible. The sitting
position is very common in daily life. All clothing should therefore be comfortable in this position, as well.
This is particularly important for disabled people who are restricted to the sitting position for their entire life
due to their disabilities. These are people who suffer from paraplegia, multiple sclerosis or some injuries, and
who have limited mobility using wheelchairs. This paper presents research on improving clothing design,
adjusted to the special needs and demands of an individual, through the application of new technologies.
In that respect, taking measurements is very important, as is the virtual simulation of garment fitting as the
result of cuts adapted to the sitting position.
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Izvlecek

Oblacila so namenjena izrazanju ¢lovekovega osebnega stila, zasciti pred zunanjimi vplivi, funkcionalnosti in za-
gotavljanju udobja. \/se nastete zahteve je treba izpolniti, Ce Zelimo zadovoljiti ¢lovekove potrebe in doseci uporab-
nost oblacil. Poleg omenjenih funkcij poskusamo z oblacili skriti tudi fizicne okvare. Sedeci poloZaj je v vsakdanjem
Zivljenju zelo pogost, zato bi morala biti vsa oblacila v tem poloZaju enako udobna, kar je Se zlasti pomembno za
invalide, ki so vse Zivijenje omejeni na sedeci polozaj. To so osebe s paraplegijo, multiplo sklerozo ali drugimi po-
Skodbami, ki imajo zaradi uporabe invalidskih vozickov omejeno mobilnost. V ¢lanku so predstavijene raziskave o
uporabi naprednih tehnologij in izboljSav pri oblikovanju oblacil s prilagoditvami posebnim potrebam in zahte-
vam posameznika. Pri tem je zelo pomembna faza jemanje mer, kot tudi virtualna simulacija oblacila s krojnimi
deli, prilagojenimi sedecemu polozaju.

Klju¢ne besede: funkcionalna oblacila, invalidi, 3-D skeniranje, virtualna simulacija oblacil

1 Introduction clothing must meet the needs of a disabled person,

while achieving the pure aesthetics of garments, as

In addition to protection, functionality and com-
fort, clothing has an aesthetic function, the purpose
of which is to express the wearer’s personal style and
hide physical disabilities. However, clothing cannot
always hide the physical disabilities of people who
suffer from more severe disabilities. In such cases,
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design has a significant effect on the human social
dimension [1, 2].

Disability is an umbrella term for the impairments,
limited activities and participation restrictions of
an individual while performing the activities of dai-
ly living. Wheelchair users (people suffering from
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paraplegia, multiple sclerosis, muscular dystrophy

and other disorders of the locomotor system) are

most affected [1].

The most frequently used disability classification,

drawn up by the World Health Organisation

(ICIDH), classifies disabilities as: behaviour dis-

abilities, communication disabilities, personal care

disabilities, locomotor disabilities, particular skill
disabilities and situational disabilities. A disability

(congenital or acquired) can be physical, cognitive,

mental, sensory, emotional, developmental and

even combinations of these [3-5].

The body characteristics of disabled people (shape,

size and limb mobility) indicate the following [6, 7]:

— loss of balance due to spine injuries and changes
in a body shape, which results in asymmetry and
an irregular body shape;

- poor blood circulation, low body temperature,
the physical inactivity of damaged body parts,
impaired muscle functions and muscular atrophy;
and

- the clear extension of the relevant muscle group
of the upper extremities with wheelchair users.

2 Functional clothing requirements
for disabled people

The functional requirements affecting garment de-
sign are the wearer’s limited mobility and the need
for a comfortable garment that does not cause addi-
tional health problems, such as skin irritation, blood
flow obstruction, etc. [8, 9]. Clothing for disabled
people must provide ergonomic comfort in the sit-
ting position and improve the overall quality of life.
It is designed for people from a physical and cogni-
tive point of view, cultural and social aspects, and
other aspects related to body dynamics [1, 10].

Computational Design of Functional Clothing for Disabled People

The problems faced by wheelchair users while dress-

ing have been researched by Pruthi et al,, and the

following have been identified [11]:

- pain in the upper limbs while dressing and un-

dressing;

the removal of clothing from dormant legs;

incontinence;

- bedsores caused by a lack of movement; and

injuries caused by traction belts, etc. [12]

In order for the functionality of clothing for dis-

abled people to be achieved, the following require-

ments must be met [1, 10, 13, 14]:

- moisture absorbency;

— the use of elastic fibres for comfort;

- the use of easy closure systems (zippers, hook-
and-loop fasteners, buttons, etc.);

- easy to maintain clothing with a low level of elec-
trostatic charging; and

- a minimum level of body odour retention (natu-
ral fibres with antibacterial finishing).

Clothing designed for disabled people must meet

the following needs: sleeves should be adapted to

the back and shoulders, facilitating more freedom

of movement while pushing a wheelchair, comfort

should be ensured, without fabric creases caused

by sitting for long periods, trousers should not be

too tight (blood flow obstruction due to strong

pressure) or too loose (skin irritation on the back

and hips due to fabric creases), and should be

high-wasted on the back compared with standard

clothing and should not tighten around the knees

and create needless creases, and the pockets

should not be sewed on the back of trousers and

should be longer than standard cuts [13, 16].

Sleeves in the elbow area should also be shaped

according to the principles of comfort, where it is

possible to find constructional solutions, as shown

in Figure 1.

Figure 1: Elbow part of an adaptive garment for wheelchair users [15]
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Figure 2: Adaptive designs for sitting [20-22]

Research has shown that the comfort of trousers is
affected by four main areas in which pressure oc-
curs: waist (39.17%), knees (16.4%), crotch (13.96%)
and the back of the thighs-calves (6.95%), while
pressure on parts below the knees and the back of
the thighs has no significant effect on wearing com-
fort. Wearing comfort is acceptable if pressure is be-
low 20 kPa on the hips, waist and crotch, and below
10 kPa on the back of the thighs and knees [17, 18].
Research conducted in 2013 among 10 young wom-
en aged 18 to 38 with different types of disabilities
suggested that design, form, function, self-expression
and social identity were the essential factors that in-
fluence their clothing selection [19]. Standing pos-
ture measurements are not applicable to sitting pos-
ture measurements due to anatomical variations and
different types of disabilities. For this reason, cloth-
ing designers and manufacturers should design this
type of clothing according to the principles of uni-
versal design, i.e. inclusive design (Figure 2) [23-25].

3 3D virtual body scanning as a
basis for designing personalised
clothing for disabled people

Body measurement standards differ significantly be-
tween people with physical disabilities and non-dis-
abled people. Thus, specific design requirements should
be met when measuring disabled people [26-28].

When a person in the sitting position is being mea-
sured, it is important that seat surfaces be flat and
horizontal, that the upper legs are positioned hori-
zontally and the shins vertically, and that the feet
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Figure 3: Definition of measurements on a 3D point
cloud of the human body in the standing and sitting
positions [29]

are positioned flat on a horizontal surface. The per-
son must be barefoot and not wear any clothing ex-
cept underwear [28, 30].

Body measurements can be taken manually or on a
digitised human body. Depending on the applied
measurement technique, differences in the volume
of a body ranging from 0.72 cm to 1.71 cm and dif-
ferences in body measurements in relation to the
height and length of a body can arise [31, 32].

In order to take body measurements using a non-
contact technique, digitisation with 3D body scan-
ners is used, resulting in a point cloud of human
body spatial coordinates. Scanning technologies can
be classified into different categories: laser scanning,
white light scanning, passive scanning, photogram-
metry, visual body shape, silhouettes and the use of
other active sensors [33—35].
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The main advantage of a non-contact technique used
for body measuring is the short scanning time required,
which reduces the fatigue that occurs while maintain-
ing specific and necessary postures during anthropo-
metric measurements. It is possible to collect all rele-
vant data from an anthropometric, biomechanical and
ergonomic point of view, which is necessary for the de-
velopment and design of clothing adapted to the differ-
ent needs of specific segments of wearers. Given that
anthropometry provides two body measurement sys-
tems static or structural referring to an individual’s body
variations, and dynamic or functional referring to bio-
mechanical aspects related to different movements and
daily tasks all of the afore-mentioned aspects can be
comprised on the basis of 3D body scanning [10, 36].
Optoelectronic devices and scanners, which are
based on recognising a silhouette from one or more
images and can create a model with thousands of
points using laser beams or structured light, are used
to create a parametric model of the human body.
However, a large number of points is redundant,
noise is present and the surface for creating 3D mod-
els should be removed and filtered [37-39].

Figure 4: Intellifit radio scanner [39]
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3D radio-wave scanners (Intellifit system) are based
on radio-wave technology and use millimetre radio
waves that pass through a subject’s clothing and re-
flect off the body’s surface. The reflected signal is
subsequently detected by the receiver net, resulting
in a 3D image of the subject (Figure 4) [37, 40—42].
The advancement of 3D scanning technology has
enabled the creation of high-density point clouds.
The process requires the use of certain algorithms
that analyse the data of body topology in order to
obtain the corresponding surface of the scanned ob-
ject. At an early stage of data procession, disconti-
nuities are discovered by the algorithms, so that the
information can be kept during the complete pro-
cess of surface interpolation.

The virtual prototyping of garments and simulation
depend on numerous factors. The central focus of
virtual image research is the development of the ef-
ficiency of mechanical and simulation models that
can be reproduced. The second research aspect is
aimed at 3D human body scanning and modelling
in order to obtain a 3D human body model for the
virtual prototyping of garments. Most research is
based on the human body in the standing position
with no or minor physical deformities. It is there-
fore aimed at the similar creation of virtual proto-
types for wheelchair users [36, 40, 42-43].

Systems used for virtual garment fitting provide a
standing parametric human body model of average
height, with adapted shapes and dimensions. The
aim of research is to design a generally acceptable
3D human body model adaptable to different poses
and non-standard body shapes to enable the virtual
prototyping of garments for people with limited
body abilities; see Figure 5 [44—51].

Figure 5: Parametric human body model in the sitting position [6]
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The 3D point cloud has outliers in parallel with a
lack of points on the digitised object. The point
cloud is therefore reconstructed by removing outli-
ers and closing the point cloud [39, 45]. The net
must be completed by closing the point cloud in
places where points are lacking. Taking into account
the natural contours of the body, the points are add-
ed and the net is completed. The Poisson recon-
struction algorithm is used for the surface recon-
struction of a 3D body cloud.

Different methods for human body modelling have
been developed. Their use has simplified the ways
in which human body shapes and height are adapt-
ed. Linear regression is used for taking measure-
ments [52-54].

4 Virtual garment design for people
with disabilities

Adaptive clothing can be designed on the basis of a
digitised human body. Characteristic body parts,
such as the chest, shoulders, scapula, neck, back,
hips and lateral parts, can be positioned depending
on the actual body image, which is a prerequisite for
virtual garment design. The research conducted and
approaches applied have shown that the problem of
adaptive design for people with disabilities, such as
people with scoliosis, can be solved in this manner.
The results of the research can thus be applied to
mass production, facilitating rapid interaction be-
tween wearers and designers. In that regard, the
parametric influence of textiles is crucial for adap-
tive clothing for wheelchair users [55-57].

An individual approach must be taken when design-
ing garments for people with disabilities due to an
individual’s different physical deformities, which can
be multiple with wheelchair users. For this purpose,
a group of Slovenian researchers has developed the
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CASP method (C-curvature, A-acceleration, S-sym-
metry and P-proportionality) used to design cloth-
ing adapted to 3D virtual mannequins with physical
deformities that have occurred as the result of dis-
ease. Curvature goes from minus (concavity) to plus
(convexity), which can be calculated using the ma-
trix expressions [58]:

an-1,0 >an-1,n-1
. . (1).

a0,0 >a0;n—1

The matrix enables the same points in the 3D space
in the n X n matrix to be marked. Acceleration is a
property referring to the basic surfaces in a longitu-
dinal direction. Clothing symmetry is always pref-
erable, and a value of zero means perfect symmetry.
Proportionality indicates the size or width of the
surface, and is calculated as a ratio of the length and
width of the observed surface. The whole process is
based on the use of the Grasshopper” (GH) graphi-
cal algorithm, which is an add-in used with the RH
application through which the analysis of digitised
surface geometries is based on the rules of the M.
Miiller & Son and the Optitex CAD/PDS construc-
tion system. The latter enables the XY clothing
tightness on particular body parts to be recorded in
order to design comfortable adaptive clothing for
people with disabilities [58, 59].

With the use of a 3D-to-2D garment design meth-
od, clothing can be designed directly on a 3D virtu-
al body model, resulting in 2D patterns obtained by
flattening the existing parts. Adaptive clothing is de-
signed using a CAD system for designing the virtu-
al prototyping of garments. This enables garment fit
testing and the adjustment of virtual body models
to standard models [2, 6, 45, 49, 59].

Making a virtual body model using the 3ds MAX
software is based on integrating female body scan
data with a kinematic template. The template position

Figure 6: Adaptive clothing image created using a 3D-to-2D garment design method [49]
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is adjusted to the scan data. The dimensions of bones
and muscles are then adjusted to specific scan data.

In order for the animation to be realised, the inter-
polation weights must be transferred and calculated,
enabling every joint to be marked and proportional-
ly transferred between the skeleton and the network
in order to obtain a uniform human body deforma-
tion. The process requires the use of different scripts
developed for 3D kinematic model animation, the
purpose of which is to create several lower body po-
sitions with different bending angles [60].

In research on the 3D construction and simulation of
trousers designed using the Lectra DesignConcept,
three distinctive positions with different degrees of

e
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bending at the knees and trunk have been described
in detail. The contour of trousers has been defined
and used for designing a mesh model from which 2D
tailored pieces have been extracted. Research has
shown that suitable tailored pieces cannot be extract-
ed if a body has a high-degree bend. When the bend
at the knees is 90° and 110° in the sitting position, it is
automatically possible to design tailored pieces for
well-fitting trousers. By changing the design and re-
sizing the projected seam, a model that facilitates a
bend of more than 130° at the knees and trunk is cre-
ated, with no change in trouser fitting and the func-
tionality of a garment for wheelchair users. The use of
tailored pieces and the simulation generated positive

Figure 7: 3D human body animations in different positions [60]

e il

Figure 8: Developing trouser patterns for people in the sitting position [65]
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results, which is evident in prototyping. However, this
method of design cannot be applied to all wheelchair
users, as garment design depends on a persons indi-
vidual needs and body morphology [61-63].
Research on improving the functionality of gar-
ments for wheelchair users has also been conduct-
ed. A robotic mannequin has been developed for
the purpose of assessing clothing comfort based on
the replication of body movements and data gath-
ered through the senses while wearing clothing. A
special application was developed for the purpose
of this research. The application enables virtual gar-
ment fitting in the sitting position (wheelchair seat-
ing), provides a simulation of clothing adjustments
according to changes to the standard model, per-
forms 3D measurements on the basis of which a da-
tabase is created, and verifies suitable results based
on 3D visualisation. The purpose of the application
was to provide a virtual service through adaptation,
to enable wheelchair users to create a prototype
wherever they wish and to gather data relating to
apparel appearance [63-66].

5 Conclusion

After reviewing the relevant literature, it can be con-
cluded that techniques for clothing simulation repre-
sent an important tool for textile and clothing de-
signers. These techniques offer numerous advantages,
such as fast and simple changes in clothing develop-
ment. The primary advantage of virtual prototyping
is the possibility of designing clothing and directly
observing the adjustment of a silhouette to a person
who is not physically present. Computer prototyping
has great potential for producing clothing in a con-
temporary manner, as it facilitates a 3D prototype of
a garment to be produced rapidly [67].

3D body scanning plays a key role in producing
adaptive clothing for wheelchair users, as it allows
body measurements to be taken while determining
the posture and position of a body in the sitting po-
sition. Point clouds produced through the process
of 3D scanning are used to create a virtual body,
which is standard practice in the virtual prototyp-
ing of garments.

The standard software packages used for the virtual
prototyping of garments can also be used for the vir-
tual prototyping of garments for people with physi-
cal deformities. A systematic approach is necessary
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when designing clothing for people in wheelchairs.
3D scanning must be adapted to a person in the sit-
ting position, particularly if the person is unable to
sit without a seat back. When creating virtual bod-
ies, an individual approach is required, as the point
clouds of a body scan must be processed with the
use of 3D image processing algorithms. The algo-
rithms used for the standard standing position are
not reliable enough for an automatic reconstruction
of a 3D human body in the sitting position due to
the differing body shapes of people with disabilities.
Software packages for apparel design are used to de-
sign a garment directly on a digitised 3D human
body model. It is possible to either design and ad-
just a cut to a 3D body scan based on a simulation,
or to create a garment directly on a 3D body by ex-
tracting the tailored pieces after 3D modelling.
Regardless of the selected method for garment de-
sign, obtaining satisfactory results is limited by a per-
sons different body shape and physical limitations. It
can thus be concluded that research on the computa-
tional design of clothing for people with disabilities
has great potential. People with disabilities wish
to emphasise their individuality, as aesthetically
pleasing clothing decorates their physical appearance
and enables them to enjoy a psychologically healthy
environment [62].

Clothing for wheelchair users must be above all
functional, must enable quick and independent
dressing, must provide a psychical and psychologi-
cal sense of comfort and stability, and be easy to
maintain and trendy. The use of computer technolo-
gies is thus very important, as disadvantages to de-
sign can be foreseen and eliminated when develop-
ing and designing garments. The use of new
technologies facilitates the design of functional gar-
ments for wheelchair users.

References

1. CURTEZA, Antonela, CRETU, Viorica, MA-
COVEI], Laura, POBORONIUC, Marian. De-
signing functional clothes for persons with loco-
motor disabilities. AUTEX Research Journal, 2014,
14(4), 281-289, doi: 10.2478/aut-2014-0028.

2. HONG, Yan, ZENG, Xianyi, BRUNIAUX, Pas-
cal, LIU, Kaixuan, CHEN, Yan, ZHANG, Xu-
jing. Collaborative 3D-to-2D tight-fitting gar-
ment pattern design process for scoliotic people.

Tekstilec, 2019, 62(1), 23-33



30

10.

11.

Fibres and Textiles in Eastern Europe, 2017, 25,
113-117, doi: 10.5604/01.3001.0010.4637.

. World Health Organization. International classi-

fication of impairment. Activity and Participation
(ICIDH-2), Geneva, Switzerland, WHO, 1980.

. ROSENBAUM, Peter, STEWAR, Debra. The

world health organization international classifi-
cation of functioning, disability, and health: a
model to guide clinical thinking, practice and
research in the field of cerebral palsy. Seminars
in Pediatric Neurology, 2004, 11(1), 5-10, doi:
10.1016/j.spen.2004.01.002.

. BICKENBACH, Jerome E., CHATTER]JI, Som-

nath, BADLEY, E. M., USTUN, T. B. Models of dis-
ablement, universalism and the international clas-
sification of impairments, disabilities and
handicaps, Social Science and Medicine, 1999, 48(9),
1173-1187, doi: 10.1016/S0277-9536(98)00441-9.

. RUDOLE, Andreja, CUPAR, Andrej, KOZAR,

Tatjana, STJEPANOVIC, Zoran. Study regarding
the virtual prototyping of garments for paraple-
gics. Fibers and Polymers, 2015, 16(5), 1177-1192,
doi: 10.1007/s12221-015-1177-4.

. CHANG, Wei-Min, ZHAO, Yu-Xiao, GUO,

Rui-Ping, WANG, Qi, GU, Xiao-Dan. Design
and study of clothing structure for people with
limb disabilities. Journal of Fiber Bioengineering
and Informatics, 2009, 2(1), 62—67, doi: 10.3993/
jfbi06200910.

. FORBES, Angus, WHILE, Alison, MATHES,

Lucia, GRIFFITHS, Peter. Health problems and
health-related quality of life in people with mul-
tiple sclerosis. Clinical Rehabilitation, 2006,
20(1), 67-78, doi: 10.1191/0269215506cr8800a.

. Das NEVES, Frica P, BRIGATTO, Aline C.,

PASCHOARELLI, Luis C. Fashion and ergo-
nomic design: Aspects that influence the percep-
tion of clothing usability. Procedia Manufactur-
ing, 2015, 3, 6133-6139, doi: 10.1016/j.promfg.
2015.07.769.

WANG, Yunyi, WU, Daiwei, ZHAO, Meng-
meng, LI, Jun. Evaluation on an ergonomic de-
sign of functional clothing for wheelchair users.
Applied Ergonomics, 2014, 45(3), 550-555, doi:
10.1016/j.apergo.2013.07.010.

PRUTHI, Neelam, SEETHARAMAN, Chan-
chal, SEETHARAMAN, P. Protective clothing
for paraplegic women. Journal of Human Ecolo-
£,2006,19(4),267-271, doi: 10.1080/09709274.
2006.11905889.

Computational Design of Functional Clothing for Disabled People

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

BLOOMAQUIST, Lorraine E. Injuries to athletes
with physical disabilities: prevention implications.
The Physician and Sportsmedicine, 2016, 14(9),
96—105, doi: 10.1080/00913847.1986.11709170.
MEINANDER, Harriet, VARHEENMAA, Min-
na. Clothing and textiles for disabled and elder-
ly people. Espoo 2002. VTT Tiedotteita — Re-
search Notes 2143, 57 p. + app. 4 p.

BROGIN, Bruna, CAMPIGOTTO WEISS, Dal-
ila, MARCHI, Sandra, RIBEIRO OKIMOTO,
Maria Lucia, de OLIVEIRA, Sabrina Talita.
Clothing custom design: Qualitative and an-
thropometric data collection of a person with
multiple sclerosis. Advances in Intelligent Sys-
tems and Computing, 2016, 485, 359-369, doi:
10.1007/978-3-319-41983-1_32.

Adaptive garment for wheelchair users [ac-
cessed 11. 6. 2018]. Available on World Wide
Web: <https://i-d.vice.com/de/article/qv8wad/
diese-junge-modedesignerin-entwirft-innova-
tive-mode-fuer-rollstuhlfahrer-269>.
KUNSTEK, Ana, BOGOVIC, Slavica. Customi-
zation of garment for invalid persons. Book of
proceedings of the 3 International textile, cloth-
ing and design conference; Magic World of Tex-
tiles. Edited by Zvonko Dragcevi¢. Zagreb :
Faculty of Textile Technology, 2006, p. 448—-452.
LIU, Kaixuan, WANG, Jianping, HONG, Yan.
Wearing comfort analysis from aspect of nu-
merical garment pressure using 3D virtual-real-
ity and data mining technology. International
Journal of Clothing Science and Technology,
2017, 29(2), 166-179, doi: 10.1108/IJCST-03-
2016-0017.

THORNTON, Nellie. Fashion for disable people.
London : Batsford, 1990, 128 p.

CHANG, Hyo Jung (Julie), HODGES, Nancy,
YURCHISIN, Jennifer. Consumers with disabili-
ties: Qualitative exploration of clothing selec-
tion and use among female college students.
Clothing and Textiles Research Journal, 2014,
32(1), 34-48, doi: 10.1177/0887302X13513325.
Adaptive designs for sitting [accessed 10. 11.
2018]. Available on World Wide Web: <https://
kottke.org/16/02/clothes-designed-especially-
for-wheelchair-users>.

Adaptive designs for sitting [accessed 10. 11.
2018]. Available on World Wide Web:
<https://i.pinimg.com/originals/f9/15/ac/
915ac67a779e5f216f98b666cb4d9aa.jpg>.

Tekstilec, 2019, 62(1), 23-33



22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

Adaptive designs for sitting [accessed 10. 11.
2018]. Available on World Wide Web:
<https://i.pinimg.com/originals/5a/32/31/
5a3231562088842d99456fad93929746.jpg>.
IMRAN, Agsa, DREAN, Emilie, SCHACHER,
Laurence, ADOLPHE, Dominique. Adaptive
bra designs for the individuals with special
needs. IOP Conference Series: Materials Science
and Engineering, 2017, 254, 072012, doi: 10.
1088/1757-899X/254/7/072012.

SYBILSKA, Wiolleta, NAPIERALSKA, Lidia,
MIELICKA, Elizbieta. Analysis of body meas-
urements using a 3D contactless scanning meth-
od. Autex Research Journal, 2010, 10(3), 77-79.
Inclusive design [accessed 24. 6. 2018]. Available
on World Wide Web: https://shinyideas.word-
press.com/2015/07/25/wheelchair-users-benefit-
from-this-revolutionary-fashion-design/.
PAQUET, Victor, FEATHERS, David. An an-
thropometric study of manual and powered
wheelchair users. International Journal of Indus-
trial Ergonomics, 2004, 33(3), 191-204, doi: 10.
1016/j.ergon.2003.10.003.

TALAB, Amir Hossein Davoudian, NEZHAD,
Ahmad Badee, DARVISH, Nasrin Asadi, MO-
LAEIFAR, Hossein. Comparison of anthropo-
metric dimensions in healthy and disabled indi-
viduals. Jundishapur Journal of Health Sciences,
2017, 9(3), €59009, doi: 10.5812/jjhs.59009.
HAN, Hyunsook, NAM, Yunja, CHOI, Kyung-
mi. Comparative analysis of 3D body scan
measurements and manual measurements of
size Korea adult females. International Journal
of Industrial Ergonomics, 2010, 40(5), 530-540,
doi: 10.1016/j.ergon.2010.06.002.

BOGOVIC, Slavica, STJEPANOVIC, Zoran,
CUPAR, Andrej, JEVSNIK, Simona, ROGINA-
CAR, Beti, RUDOLE Andreja. The use of new
technologies for the development of protective
clothing: Comparative analysis of body dimen-
sions of static and dynamic postures and its ap-
plication AUTEX Research Journal, 2018, doi:
10.1515/aut-2018-0059.

UJEVIC, Darko, SZIROVICZA, Lajos, KARA-
BEGOVIC, Isak. Anthropometry and the com-
parison of garment size systems in some Euro-
pean countries. Collegium antropologicum, 2005,
29(1), 71-78.

KOZAR, Tatjana, RUDOLE, Andreja, JEVS-
NIK, Simona, CUPAR, Andrej, PRINIOTAKIS,

Computational Design of Functional Clothing for Disabled People 31

32.

33.

34,

35.

36.

37.

38.

39.

Georgios, STJEPANOVIC, Zoran. Accuracy
evaluation of a sitting 3d body model for adap-
tive garment prototyping. 14" AUTEX World
Textile Conference, Bursa, Turkey, 2014. Availa-
ble on World Wide Web:
<https://www.researchgate.net/publication/
270477468 _ACCURACY_EVALUATION_
OF_A_SITTING_3D_BODY_MODEL_FOR_
ADAPTIVE_GARMENT_PROTOTYPING>.
SIMMONS, Karla P, ISTOOK, Cynthia L. Body
measurement techniques: Comparing 3D body-
scanning and anthropometric methods for ap-
parel applications Journal of Fashion Marketing
and Management: An International Journal, 2003,
7(3),306-332, doi: 10.1108/13612020310484852.
Fotogrametrija [accessed 24. 9. 2018]. Available
on World Wide Web: <https://hr.wikipedia.org/
wiki/Fotogrametrija>.

D’APUZZO, Nicola. Recent advances in 3d full
body scanning with applications to fashion and
apparel. In: Optical 3-D measurement techniques
IX. Edited by A. Gruen and H. Kahmen. Vien-
na, 2009, 10 p.

PETKOVIC, Tomislav, PRIBANIC, Tomislav,
DONLIC, Matea, DAPUZZO, Nicola. Software
synchronization of projector and camera for
structured light 3D body scanning. In: Proceeding
of 7t International Conference on 3D Body Scan-
ning Technologies. Lugano, 2016, pp. 286-295,
doi: 10.15221/16.286.

BARROS, Helda Oliveira, SOARES, Marcelo
Marcio. Using digital photogrammetry to con-
duct an anthropometric analysis of wheelchair
users. Work, 2012, 41, 4053—4060.

SIMS, Ruth E., MARSHALL, Russell, GYI, Di-
ane E., SUMMERSKILL, Steve, CASE, Keith.
Collection of anthropometry from older and
physically impaired persons: Traditional meth-
ods versus TC2 3-D body scanner. International
Journal of Industrial Ergonomics, 2012, 42(1),
65-72, doi: 10.1016/j.ergon.2011.10.002.
REMONDINO, Fabio. 3D reconstruction of static
human body with a digital camera. Videometrics
VII, 2003, 5013, 38-45, doi: 10.1117/12.473090.
BUTTGEN, Bernhad, OGGIER, Thierry, LEH-
MANN, Michael, KAUFMANN, Rolf, NEUKOM,
Simon, RICHTER, Michael, SCHWEIZER, Mat-
thias, BEYELER, David, COOK, Roger, GIMKIE-
WICZ, Christiane, URBAN, Claus, METZLER,
Peter, SEITZ, Peter, LUSTENBERGER. Felix.

Tekstilec, 2019, 62(1), 23-33



32

40.

41.

42.

43.

44.

45.

46.

47.

48.

High-speed and high-sensitive demodulation pix-
el for 3D imaging. In: Proceedings of the SPIE:
Three-Dimensional Image Capture and Applica-
tions VII. Edited by Brian D. Corner, Peng Li and
Matthew Tocheri. 2006, 6056, 22-33. doi.
org/10.1117/12.642305.

BRAGANCA, Sara, AREZES, Pedro, CARVALHO,
Miguel, ASHDOWN, Susan P. Current state of the
art and enduring issues in anthropometric data col-
lection. DYNA, 2016, 83(197), 22-30, doi: 10.15446/
dyna.v83n197.57586.

TSOLI, Aggeliki, LOPER, Matthew, BLACK,
Michael ]. Model-based anthropometry: Pre-
dicting measurements from 3D human scans in
multiple poses. IEEE Winter Conference on Ap-
plications of Computer Vision, 2014, pp. 83-90,
doi: 10.1109/WACV.2014.6836115.

DAANEN, H. A. M., TER HAAR, E B. 3D whole
body scanners revisited. Displays, 2013, 34(4),
270-275, doi: 10.1016/j.displa.2013. 8.011.
ALLEN, Brett, CURLESS, Brian, POPOVIC,
Zoran. The space of human body shapes: Re-
construction and parameterization from range
scans. ACM Transactions on Graphics, 2003,
22(3), 587-594, doi:10.1145/882262.882311.
MAGNENAT-THALMANN, Nadia, THAL-
MANN, Daniel. Handbook of virtual humans.
Ist ed. Edited by N. Magnenat-Thalmann and
D. Thalmann. Chichester et al. : John Wiley and
Sons, 2004, pp.75-98.

LIU, Yong-Jin., ZHANG, Dong-Liang, YUEN,
Matthew Ming-Fai. A survey on CAD methods
in 3D garment design. Computers in Industry,
2010, 61(6), 576-593, doi: 10.1016/j.compind.
2010.03.007.

MAGNENAT-THALMANN, Nadia. Modelling
and simulating bodies and garments. 1st ed. Lon-
don : Springer-Verlag, 2010, pp. 1-29, doi: 10.
1007/978-1-84996-263-6.

BOGOVIC, Slavica, ROGALE, Dubravko,
TOMSIC, Maja. 3D scanning and measuring of
human body of disabled person. Proceedings of
the 7! International scientific conference on pro-
duction engineering RIM 2009, Development and
modernization of production. Edited by: Isak
Karabegovi¢, Milan Jurkovi¢ and Vlatko
Dolecek, Biha¢ : Tehnicki fakultet Univerziteta
u Bihacu, 2009, pp. 163-168.

KOZAR, Tatjana, RUDOLFE, Andreja, CUPAR,
Andrej, JEVSNIK, Simona, STJEPANOVIC,

Computational Design of Functional Clothing for Disabled People

49.

50.

51.

52.

53.

54.

55.

56.

Zoran. Designing an adaptive 3D body model
suitable for people with limited body abilities.
Textile Science and Engineering, 2014, 4(5), 13
p., doi: 10.4172/2165-8064.1000165.

HONG, Yan, BRUNIAUX, Pascal, ZHANG,
Junjie, LIU, Kaixuan, DONG, Min, CHEN, Yan.
Application of 3D-TO-2D garment design for
atypical morphology: A design case for physi-
cally disabled people with scoliosis. Industria
textild, 2018, 69(1), 59—64.

BRUNIAUX, Pascal, CICHOCKA, Agnieszka,
FRYDRYCH, Iwona. 3D digital methods of
clothing creation for disabled people. Fibres and
Textiles in Eastern Europe, 2016, 5(119), 125-131,
doi: 10.5604/12303666.1215537.

ALLEN, Brett, CURLESS, Brian, POPOVIC, Zo-
ran. The space of human body shapes: Recon-
struction and parameterization from range scans.
ACM Transactions on Graphics (TOG), 2003,
22(3), 587-594, doi: 10.1145/882262.882311.
HAMAD, Balkiss, HAMAD, Moez, THOMAS-
SEY, Sébastien, BRUNIAUX, Pascal. 3D adap-
tive morphotype mannequin for target popula-
tion. Journal of Ergonomics, 2018, 8(2), 9 p., doi:
10.4172/2165-7556.1000229.

SAVONNET, Léo, WANG, Xuguang, DUPREY,
Sonia. A parametric model of the thigh-buttock
complex for developing FE model to estimate
seat pressure. In: 5th International Digital Hu-
man Modeling Symposium, Jun 2017, Bonn, Ger-
many. 2017, <hal-01769922>.

MOCCOZET, Laurent, DELLAS, Fabien, MAG-
NENAT-THALMANN, Nadia, BIASOTTI, Sil-
via, MORTARA, Michela, FALCIDIENO, Bianca,
MIN, Patrick, VELTKAMP, Remco. Animatable
human body model reconstruction from 3D scan
data using templates. In: Proceedings of workshop
on motion capture techniques for virtual environ-
ments, 2004, 7 p.

DAPUZZO, Nicola. Intellifit revolutionary full
body scanner. Millimeter waves based technology
allows 3D scanning without undressing. Human
Body Measurement Newsletter, 2005, 1(1), 1-2.
DOUROS, Iloannis, DEKKER, Laura, BUX-
TON, Bernard F. An improved algorithm for re-
construction of the surface of the human body
from 3D scanner data using local B-spline
patches. In: Proceedings IEEE international
workshop on modelling people. MPeople’99, 1999,
doi: 10.1109/PEOPLE.1999.798343.

Tekstilec, 2019, 62(1), 23-33



57.

58.

59.

60.

61.

62.

WEISS, Alexander, HIRSHBERG, David,
BLACK, Michael J. Home 3D body scans from
noisy image and range data. In: International
Conference on Computer Vision. Barcelona :
IEEE, 2011, doi: 10.1109/ICCV.2011.6126465.
STIEPANOVIC, Zoran, CUPAR, Andrej, JEVS-
NIK, Simona, KOCJAN STJEPANOVIC, Tanja,
RUDOLE Andreja. Construction of adapted
garments for people with scoliosis using virtual
prototyping and CASP method. Industria
textild. 2016, 67(2), 141-148.

RUDOLE Andreja, CUPAR, Andrej, KOZAR,
Tatjana, STJEPANOVIC, Zoran. Study regard-
ing the virtual prototyping of garments for par-
aplegics. Fibres and Polymers, 2015, 16(5),
1177-1192, doi: 10.1007/s12221-015-1177-4.
ALUCULESE]I, Bianca; KRZYWINSKI, Sybille,
CURTEZA, Antonela. Three-dimensional con-
struction and simulation of trousers for wheel-
chair users. 9" international textile, clothing and
design conference - Magic World of Textiles. Za-
greb : University of Zagreb, Faculty of Textile
Technology, 2018.

ICHIKARI, Ryosuke, ONISHI, Masaki, KURATA,
Takeshi. Fitting simulation based on mobile body
scanning for wheelchair users. The Journal on Tech-
nology and Persons with Disabilities, 2018, 15 p.
CALDAS, Artemisia, CARVALHO, Miguel, PI-
AUILINO, Thayna, MEDEIROS, Maria, CAL-
DAS, Monique. Basic pattern design for care de-
pendent elderly. In: The 90" Textile Institute
World Conference. Textiles: Inseparable from the
human environment. Poznan, Poland, 2016, 7 p.

Computational Design of Functional Clothing for Disabled People

63.

64.

65.

66.

67.

33

HONG, Yan, BRUNIAUX, Pascal, ZENG, Xi-
anyi, LIU, Kaixuan, CURTEZA, Antonela,
CHEN, Yan. Visual-simulation-based personal-
ized garment block design method for physical-
ly disabled people with scoliosis (PDPS). AU-
TEX Research Journal, 2018, 18(1), 35-45, doi:
10.1515/aut-2017-0001.

RUDOLE, Andreja, BOGOVIC, Slavica, ROGI-
NA CAR, Beti, CUPAR, Andrej, STIEPANOVIC,
Zoran, JEVSNIK, Simona. Textile forms com-
puter simulation techniques. In: Computer sim-
ulation, (Computer and Information Science,
Computer Science and Engineering). Edited by
Dragan CVETKOVIC. Rijeka : InTech. 2017, pp.
67-93, doi: 10.5772/67738.

BROOKS, Anthony L., PETERSSON BROOK,
Eva. Towards an inclusive virtual dressing
room for wheelchair-bound customers. In:
Proceedings of the 2014 International Confer-
ence on Collaboration Technologies and Sys-
tems. Edited by W. W. Smari, G. C. Fox, and
M. Nygérd. 2014, pp. 582-589, doi: 10.1109/
CTS.2014.6867629.

JEVSNIK, Simona, STJEPANOVIC, Zoran,
RUDOLEF, Andreja. 3D virtual prototyping of
garments: Approaches, developments and
challenges. Journal of Fibre Bioengineering and
Informatics, 2017, 10(1), 51-63, doi: 10.3993/
jtbim00253.

PILAR, Tanja, STJEPANOVIC, Zoran, JEVSNIK,
Simona. Evaluation of fitting virtual 3D skirt
prototypes to body. Tekstilec, 2013, 56(1), 47-62,
doi: 10.14502/Tekstilec2013.56.47-62.

Tekstilec, 2019, 62(1), 23-33



