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Abstract

The aim of the research was to improve the process of knitted products design. The use of modern software
helps us predict the physical and mechanical behaviour of materials, using their three-dimensional models. A
macro-model of rib-knitted tubular parts was developed in the study. This model allows its implementation into
algorithms, describing the peculiarities of the stretching process. Recent findings in the field of 3D modelling
and simulation of knitwear behaviour aim at working with models of different scales of structural hierarchy.
The use of macro-models provides the opportunity to simplify the geometry and significantly reduce the time
required for simulation. Rib stitch structures are among the most popular weft-knitted ones. When using threads
of usual stretchability (with breaking elongation that does not exceed 10-12%), the stretchability of some rib
stitch structures in the course-wise direction can reach up to 350% and even more. When stretched in the
course direction, rib-knitted stitches undergo a number of stages. The stretching process includes: decreasing
the width-wise curling; mutual shifting of knit and purl stitches; reducing the curvature of the loop feet and
loop heads; pulling the yarn from the loop legs to the loop feet; stretching of the yarn. The assumption was
made that such parts of knitted garments as cuffs and borders on sweaters, cuffs on socks, where rib stitch
patterns are used, can be described as thin-walled elastic shells. A part of a human body surface, covered
with a rib-knitted garment part, can be approximated by a truncated cone. The mid-surface of the shell can
be represented as a ruled surface created upon a set of Bezier curves, located along the circumference of the
upper and lower bases of the truncated cone. The mathematical description, elaborated in the course of the
research, was used for the computer program LastikTube, which was developed to create 3D macro-models
of ribbed tubular garments.
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Izvlecek

Cilj raziskave je bil izboljsati proces oblikovanja pletenih izdelkov. Sodobna programska oprema nam z uporabo tridi-
menzionalnih modelov materialov pomaga predvideti njinovo fizikalno in mehansko obnasanje. V studiji je bil razvit
makromodel rebrasto pletenih cevastih sestavnih delov. Model omogoca izpeljavo v algoritme, ki opisujejo posebnosti
raztezanja. Najnovejsa spoznanja na podrocju 3-D modeliranja in simulacije obnasanja pletenin so namenjena delu
z modeli na razlicnih ravneh strukturne hierarhije. Uporaba makromodelov omogoca poenostavitev geometrije in
znatno skrajSanje casa, potrebnega za simulacijo. Rebraste strukture so med najbolj priljublienimi votkovnimi pletivi. Pri
uporabi niti obicajne raztegljivosti (s pretrznim raztezkom pod 10—-12 %) lahko raztegljivost nekaterih rebrastih struktur
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v smeri zancnih vrst seZe do 350 % in celo vec. Pri raztezanju v smeri zancnih vrst gredo rebrasta pletiva skozi vec faz.
Raztezanje zajema: zmanjsanje vihanja po Sirini; vzajemno premikanje levih in desnih zank; zmanjsanje ukrivljenosti
igelnih in platinskih glav zank; odvzemanje preje od krakov zanke k platinski glavi zanke in raztezanje preje. Domnevali
smo, da lahko dele pletenih oblacil, kot so rokavne in pasne obrobe na puloverjih in robovi nogavic, kjer so uporabljene
rebraste pletene strukture, opisemo kot tankostenske elasticne lupine. Del povrsine ¢loveskega telesa, ki je prekrit z reb-
rasto pletenim delom oblacila, lahko poenostavljeno prikazemo kot prisekani stozec. Sredinsko povrsino lupine lahko
predstavimo kot ravno povrsino, ustvarjeno s pomocjo niza Bezierovih krivulj, ki se nahajajo vzdolz oboda zgornje in
spodnje osnovne linije prisekanega stoZca. Matematicni opis, izdelan med raziskavo, je bil uporabljen za racunalniski
program LastikTube, ki je bil razvit za izdelavo 3-D makromodelov rebrastih cevastih oblacil.

Kliucne besede: rebrasta pletena struktura, makromodeli, rob nogavice, 3-D modeliranje

1 Introduction

The challenge of designing knitwear with predicted
properties is widely discussed in the scientific com-
munity. Evidently, the demands for the quality and
comfort of clothing are constantly rising. Some of
the most important properties of apparel that affect
the level of human comfort in the process of wear-
ing clothes are air permeability, hygroscopicity and
tactile comfort. This idea has been confirmed in
various studies [1-4]. Other papers [5-7] focus on
the pressure clothes exert on a human body and the
conditions of maintaining their comfort when us-
ing them. Research [8-10] addresses the issue of de-
signing various knitted structures by means of yarn
level modelling. It provides high accuracy of yarn
geometry, but significantly increases the time re-
quired for calculus [11, 12]. Depending on the algo-
rithms and the purpose of physical process model-
ling, knitwear can be represented as an orthotropic
shell of certain thickness, with specified parame-
ters of elasticity, hygroscopicity, heat conductivity,
stiffness etc. In a ready-made product, the level of
indicators that affect the comfort of clothes in the
process of wearing is predominantly determined
by the properties of raw materials they are made of
and their knitted structure. Furthermore, the latter
is predetermined by the design of the product and
the compliance of its size with body measurements.
Circumference measurements depend on the posi-
tion of a human body and the dynamics of its move-
ments [13]. When used, the knitted garment is in
a deformed state (especially if the clothing is tight
fitted). Thus, the indicators of the above-mentioned
properties differ significantly from the ones that re-
fer to not deformed ones. The issues of knitted fab-
ric deformation mechanism and fabric deformation
modelling by means of computer tools were studied
[14-19].

One of the most popular weft-knitted structures is a
rib structure which provides high elasticity without
creating any excessive compression. The surface of
rib stitch structures possesses certain peculiarities
and requires using special algorithms for the crea-
tion of macro-models of some parts of knitted prod-
ucts comprising rib structures.

2 Methodology

Within the apparel modelling system, the scale of
modelling and corresponding fabric structure ide-
alisation depends on the purpose of its design and
input data availability as well as software and hard-
ware tools. It is important to choose appropriate
assumptions and idealisations, as well as numerical
homogenisation methods. Within the systems of
three-dimensional modelling and simulation, knit-
wear can be represented as an orthotropic textile
shell with given thickness. In this case, the product,
e.g. a sock, can be presented in the shape of a 3D
model as shown in Figure 1.

Figure 1: 3D model of sock represented as shell with
homogenised properties within system of three-
dimensional modelling



The basic knitted structure element is a loop inter-
meshed with the loops of the previous and subse-
quent courses. Furthermore, in the case of 2 x 2,
3 x 3, 4 x 4 and other rib stitch patterns, adjacent
knit and purl stitches of the same course can change
their mutual position; plain columns width-wise
curling can exist as well. As for mechanical char-
acteristics, it is necessary to mention that, depend-
ing on the rib stitch pattern and yarn properties, rib
stitch structures can have variable levels of stretch-
ability. To represent the physical and mechanical
properties of rib stitch structures in macro-models
more precisely and to design the mid-surface of tu-
bular rib-knitted shells, the mathematical tool of
Bezier curves and ruled surfaces can be used.

2.1 Rib stitch course-wise cross-section

The study of geometric transformations that occur
in the process of course-wise stretching of rib-knit-
ted structures [20-22] proved that the change in
the configuration and position of separate elements
within such a structure is irregular. In the course
of stretching, some different processes occur: de-
creasing of width-wise curling, mutual shifting of
adjacent knit and purl stitches, reduction of the cur-
vature of the loop feet and loop heads, pulling the
yarn from the loop legs to the loop feet, stretching
of the yarn. To study the nature of a thread redis-
tribution within the structure of knitwear, the au-
thors of papers [20-22] used the following notions:
the ribbing pattern unit width in mm (Wru), the
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width of the projection of a convex part of a rib
stitch pattern on the fabric plane (C) and the width
of the projection of a visible segment of its concave
part on the fabric plane (§), as shown in Figure 2. If
we divide the process of stretching of knitwear in
the course-wise direction into n discrete states T ,
where m is the number of a given state, we can say
that 0 < m < f, where 0 is the index of a free state
particular to a knitted fabric before applying tensile
forces and f is the index of the state of maximum
tension that is reached by a sample before its de-
struction. Therefore, the above-mentioned geomet-
ric characteristics defined for T state can be noted
as Wru ,C and S, (cf. Figure 2).

The cross-section of a 2 x 2 rib-knitted structure
during the stretching process can be schematically
represented as shown in Figure 3. The relative posi-
tion of the loops before the process of stretching is
shown in Figure 3a, while the change in the relative
position of loops during the process of stretching
(cf. Figures 3a and 3b) until they gain the state of T,
(m =f) is shown in Figure 3d.

Owing to their intrinsic elastic properties, rib stitch
structures can often be used to design sock cuffs,
necklines, waistlines, borders on sweaters etc.

2.2 Geometric approximation

In recent researches, different approaches are used
for textile clothes simulation [23]. The most com-
monly used are mesoscale modelling [10-12] and
macro-level garment simulation [24, 25]. However,

Figure 2: Parts of ribbed patterns within rib stitch structures
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Figure 3: Transformation of knitted fabric elements of 2 x 2 rib structure in process of uniaxial course-wise
stretching
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according to the authors” knowledge, there is no
published work dedicated to macro-modelling of
rib-knitted garment parts. The body parts covered
with a tubular rib-knitted garment or its segments
can be approximated by a set of conical surfaces,
e.g. to provide a mathematical analysis of a ribbed
sock cuff, it is possible to approximate the leg sur-
face with a frustum (cf. Figure 4b) with the radii
of bases R and R, the perimeters of which corre-
spond to the leg girths in sections 1 and 2, respec-
tively (cf. Figure 4a).

~

a b

Figure 4: Simplification of shin surface shape with
[frustum with equivalent base circumferences

3 Results and discussion

In general, if a tubular shell made of an even rib
stitch pattern knit is put onto a conical surface, the
knitted structure may undergo various levels of
stretching in the course-wise direction. In case the
tubular rib-knitted garment was produced without
changing the number of working needles and stitch
density, the number of loops in one course and the
loop length do not change.

3.1 Stretching geometry

When the number of rib stitch patterns in one cir-
cular course is denoted as N and the perimeter of
a ribbed tube in a free state as Q, (mm), then the
pattern width in a free state Wru, (mm) can be de-
termined with equation 1:

Qo
N, r™u

VVT"MO =

If putting a tube with Q, perimeter onto a conical
surface as shown in Figure 5, three cross-sections
with R, R, and R, radii, and Q,, Q, and Q, perim-
eters, respectively, can be schematically represent-
ed by three discrete tensile states T), T, and T, as
shown in Figure 6. The number of stitches remains
unchanged. In the case of transition from T, to
T,, the relative elongation increases and the fabric
thickness M decreases. The pattern widthin T, T,
and T, can be determined by using equations 2-4.

0

VVrul - Nru (2)
_ @

WI‘U2 - Nru (3)
Q

Wy =2 4

Figure 5: Conical surface with radii of cross-sections

P e

Figure 6: Transformation of knitted fabric elements
in case of conical surface wrapped with tube

The correlation of Wru , C and S values for each
state of tension depends on many factors and is cur-
rently determined experimentally [20-22]. Figure 7
presents macro-models of three stretching states of
a sample of 2 x 2 rib structure made of PAN yarn
of linear density 32 x 2 tex reproduced according to
experimental data as described in [21].
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Figure 7: Three states of tension of rib stitch structure sample represented in macro-models

If a ribbed tube is put onto a cylindrical or conical
surface, the following algorithm can be used to de-
scribe the mid-surface.

3.2 Set of Bezier curves for one repeated unit
mid-surface segment

If we assume that 2 x 2 rib stitch structure is

wrapped around a cylinder with the perimeter Q ,

where Q > Q,, then the relative elongation Al (%),

can be calculated according to equation 5:

Al,, = 100 x @n = Q) )

Qo

Figure 8 represents a course-wise cross-section of a
repeated pattern unit of a rib-knitted fabric wrap-
ping a cylinder of radius R . The control points P,
P, P, and P, belong to the circle line with the ra-
dius R _1=R +D,/2, where D, is ayarn diam-
eter. Then, the control points P,, P, P, P, P ,, P,,
are located on the circle line with the radius R, =
R + M, /2, where M is the thickness of the fab-
ric, which corresponds to a given state of stretching.
Points P, P, and P, are located on the circle line
with the radius R _2=R_1+M -D_/2.

Figure 8: Location of control points of set of quadratic
splines for description of 2 x 2 rib-knitted structures
mid-surface

_ Wru,, - 180
Y = TrRL (6)
_ (Cp — Dc) - 180
Y, = T r R, (7)
Sm + Dc) - 180
, = Em+ D) 180 ®)

T Ry,

3.3 Mid-surface geometry description

The ruled surface with guide curves described as
quadratic Bezier curves can be used to describe the
mid-surface of rib-knitted shells (marked as Ms in
Figure 8) pulled over the cone base. The radius vec-
tor of the ruled surface r (i, v) (cf. Figure 9) can be
described as equation 9:

rwv) =nWI -v) +rnWv ©)

where 0 < v < 1isa point on the generating line, and
r,(u), r,(u) are quadratic Bezier curves.

)

r)

Figure 9: Building of ruled surface fragment upon
Bezier curves

Curve lines () and r,(u) are represented as a com-
bination of Bezier curves (equation 10):
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r;(u) = {rip(w), 1, (W), ... 1 (W)}, (10)

where ”,-,-(“) is a quadratic Bezier curve.

In order to provide the geometric description of
a rib stitch pattern (cf. Figure 6), eight quadratic
Bezier curves are used. In such a case, a parametric
equation of the elementary curve can be presented
as follows (equation 11).

(W) = Pye(1 —w)? + 2+ Pyjer (1 — u) - u + Py u? (11)

wherek =0 ... 14 corresponds to the aggregate num-
ber of control vertices that determine the directions
of tangents for all elementary curves. The combina-
tion of elementary curves represents the central line
of a rib stitch pattern Ms (cf. Figure 8). To increase
smoothness between adjoining quadratic Bezier
curves, it is necessary that the last point of the first
segment and the first point of the second segment
coincide as shown in Figure 10. Therefore, the equa-
tion can be written as (equation 12):

r®() = r@(0) (12)

()

,-(1)(u)
Figure 10: Ensuring smooth connection between
adjoining Bezier curves

In addition, the joint segment must have a continu-
ous inclination at the connection point (equation 13):
rW@1) = a,T;7@(0) = a,T, (13)
where T is a unit vector of a common tangent, and
«, a, are scalar constants that influence the com-

pleteness of a segment. It can be proved by the ex-
ample (cf. Figure 8):

r@O@W) =Py(1 —u)? +2P;(1—u) -u+Pu? (14)
r@ ) = P(1 —u)?+2P;(1 —u) - u+ Pu? (15)
rW(1) = P;;r@(0) = Py (16)

The first condition is considered. For the continuity
of a tangent tilt,

r'D (1) =2(P, = P);r@0) =2(P; - P);  (17)

the unit vector of a common tangent can be calcu-

lated as follows:

T:2(P2_P1):2(P3—Pz)
a; a;

(18)

where a, anda, are tangent vector lengths.

Therefore, the equation for the segment of a cone
surface can be represented with the following for-
mula (equation 19):

T(w,v) = [Pyje(2 = u)? + 2Py ey (1 — wWu + Py pu?] -
P, (1—u)? + 2P, 1—u)u , (19
d-v)+ 21 ( ) 2,k2+1( ) v (19)

+P; 42U

where 0 <u,v<1.

3.4 Software development

The above proposed mathematical calculations
aimed at the geometric description of the mid-sur-
face of rib-knitted shells were installed into the
LastikTube program. The latter helps improving the
process of designing rib-knitted structure tubular
garment parts (cf. Figure 11).

Figure 11: Macro-model of sock, designed as elastic
shell, put upon surface approximated by shape of
truncated cone

The program contains a database, created during
experimental studies, which allows determining
the relationship between the geometric characteris-
tics of the surface, e.g. width of Wru pattern, and
the widths of its structural parts, i.e. C convex and
a visible part of a concave area S of the pattern unit,
created on the base of the analysis of rib knits of
various raw materials and pattern numbers.



4 Conclusion

Modelling the physical and mechanical knitwear
behaviour in the program environment is one of the
most promising ways to increase the usability and
functionality of knitwear. During the study, the as-
sumption was made that certain parts of knitwear
made by even rib stitch patterns, e.g. 2 x 2,3 x 3
etc., can be described as thin-walled elastic shells,
the middle surface of which is a linear surface cre-
ated upon a set of Bezier curves located along the
contours of truncated cone bases. The software, de-
veloped in the course of the research, was used to
broaden the capability of computer aided design of
knitwear, including the macro-modelling of ribbed
tubular garments. 3D models, generated by means
of the program, can be used for the assessment of
thermophysiological comfort.

References

1. NIIMI, Yoshitaka, HAVELKA, Antonin, KANAI,
Hiroyuki. A proposal for designing knitted fab-
ric for the “wear promotes exercise effect” with
the purpose of improving comfort. Fibres and
Textiles, 2018, 25(4), 71-77, http://vat.ft.tul.
cz/2018/4/VaT_2018_4_13.pdf.

2. HERCIKOVA, Eva, KOMARKOVA, Petra,
GLOMBIKOVA, Viera, HAVELKA, Antonin,
KUS, Zdenek. Evaluation of thermal properties
of textile structures under fast flowing air con-
ditions. Fibres and Textiles, 2018, 25(4), 31-34,
http://vat.ft.tul.cz/2018/4/VaT_2018_4_7.pdf.

3. ANGELOVA, Radostina, REINERS, Priscilla,
GEORGIEVA, Elena, KONOVA, Hristina
Plamenova, PRUSS, Bianca, KYOSEV, Yordan.
Heat and mass transfer through outer-
wear clothing for protection from cold: in-
fluence of geometrical, structural and mass
characteristics of the textile layers. Textile
Research Journal, 2017, 87(9), 1060-1070, doi:
10.1177/0040517516648507.

4. GUNEY, Sestag, AKGUNOGLU, Betiil,
KAPLAN, Sibel. Parameters affecting sport socks
pressure and pressure prediction from tensile
characteristics. Fibres and Textiles, 2017, 24(1),
68-72, http://vat.ft.tul.cz/Archive/VaT _2017_1.
pdf.

5. MENGNA, Guo, KUZMICHEYV, Viktor. Pressure
and comfort perception in the system “female

10.

11.

12.

13.

Macro-Modelling of Rib-Knitted Tubular Parts 323

body-dress”. AUTEX Research Journal, 13(3),
71-78, doi: 10.2478/v10304-012-0032-6.
NAKHAICHUK, Oleg, ZAKHAROVA, Elina,
MIZRAKH, Arkadij, HOROBCHYSHYNA,
Valentina. Pressure forecasting of tex-
tile materials in the “figure-dress” system.
Bulletin of Khmelnytskyi National University.
Technical Sciences, 2020, 283(2), 135-140, doi:
10.31891/2307-5732-2020-283-2-135-140, http://
journals.khnu.km.ua/vestnik/?p=1239.
BARDOS DE VASCONCELOS, Fernando,
CASACA, Fabiano, GOMES DE VASCONCELOS,
Fernanda, MARCICANO, Joao Paulo Pereira,
SANCHES, Regina Aparecida. Design of elas-
tic garments for sports in circular knitting.
International Journal of Textile and Fashion
Technology (IJTFT), 2013, 3(1), 39-48, http://
www.tjprc.org/publishpapers/--1357879773-4.
Design%20full.pdf.

KYOSEYV, Yordan, Geometrical and mechanical
modelling of textile structures at fiber and yarn
level - software and data structures. Viakna a
Textil, 2017, 24(1), 3-9, http://vat.ft.tul.cz/
Archive/VaT_2017_1.pdf.

KURBAK, Arif, EKMEN, Ozgur. Basic studies
for modeling complex weft knitted fabric struc-
tures. Part I: a geometrical model for width-
wise curlings of plain knitted fabrics. Textile
Research Journal, 2008, 78(3), 198-208, doi:
10.1177/0040517507082352.

KALDOR, Jonathan, JAMES, Doug,
MARSCHNER, Steve. Simulating knitted cloth
at the yarn level. In SIGGRAPH 08: Special
Interest Group on Computer Graphics and
Interactive Techniques Conference, Los Angeles,
California, August 11 - 15, 2008. New York :
Association for Computing Machinery, 2008,
doi: 10.1145/1399504.1360664.

LOGINOV, Alexey, GRISHANOV, Sergei.
and HARWOOD, R. (2002a), Modelling the
load-extension behaviour of plain-knitted fab-
ric. Part I: a unit-cell approach towards knit-
ted-fabric mechanics. The Journal of The Textile
Institute, 93(3, Parts 1 and 3), 218-238, doi:
10.1080/00405000208630566.

Modelling and predicting textile behaviour. Edited
by X. Chen, X. (Woodhead Publishing Series in
Textiles: No 94.) Woodhead Publishing, CRC
Press, 2010, 536 p.

PETRAK, Slavenka., MAHNIC NAGLIC,
Maja. Dynamic anthropometry - defining



324

14.

15.

16.

17.

18.

19.

20.

Tekstilec, 2021, Vol. 64(4), 317-324

protocols for automatic body measurement.
Tekstilec, 2017, 60(4), 254-262, doi: 10.14502/
Tekstilec2017.60.254-262.

ABGHARY, Mohammad Javad, NEDOUSHAN,
Reza Jafari, HASANI, Hossein. Simulation of the
spherical deformation of biaxial weft-knitted fab-
rics using meso and macro models. Fibres and
Polymers, 2016, 17(10), 1702-1708, doi: 10.1007/
§12221-016-6511-y.

ABGHARY, Mohammad Javad, HASANI,
Hossein, NEDOUSHAN, Reza Jafari. Geometrical
modeling for bi-axial weft-knitted fabrics based
on rib structure. Indian Journal of Fibre ¢ Textile
Research, 2017, 42(4), 431-438, http://nopr.niscair.
res.in/handle/123456789/43245.

LIU, Dani, CHRISTE, Daniel, SHAKIBAJAHRO-
MI, Bahareh, KNITTEL, Chelsea, CASTANE-
DA, Nestor, BREEN, David, DION, Genevieve,
KONTSOS, Antonios. On the role of material
architecture in the mechanical behavior of knit-
ted textiles. International Journal of Solids and
Structures, 2017, 109, 101-111, doi: 10.1016/j.
ijsolstr.2017.01.011.

WEEGER, Oliver, SAKHAEI, Amir Hosein,
TAN, Ying Yi et al. Nonlinear multi-scale mod-
elling, simulation and validation of 3D knitted
textiles. Applied Composite Materials, 2018,
25(4),797-810, doi: 10.1007/s10443-018-9702-4.
QI, Yexiong, JIANG, Yaming, XIANG, He,
QASEEM, Saood, LI, Xuezhen & WANG,
Menghua. Macro-geometric method based
modeling of the uniaxial tensile properties
of tri-axial knitted fabrics. The Journal of The
Textile Institute, 2020, 111(10), 1502-1510, doi:
10.1080/00405000.2019.1706224.

POINCLOUX, Samuel, MOKHTAR, Adda-Bedia,
LECHENAULT, Frederic. Geometry and elastic-
ity of a knitted fabric. Physical Review X, 2018,
8(2), 021075, doi: 10.1103/PhysRevX.8.021075.
ZUBRYTSKAYA, Halyna, YELINA, Tetiana,
HALAVS’KA, Liudmyla. Study of the process

21.

22.

23.

24.

25.

of uniaxial deformation of 2+2 rib fabrics un-
der the action of tensioning force. Bulletin of
Khmelnytskyi National University, 2020, 285(3),
222-226 [in Ukrainian], doi: 10.31891/2307-5732-
2020-285-3-35, http://journals.khnu.km.ua/
vestnik/?p=1343.

YELINA, Tetiana, HALAVSKA, Liudmyla,
MANOILENKO, Oleksandr, Development of
a parametric surface model of rib 2x2 knits.
Bulletin of the Kyiv National University of
Technologies and Design, 2020, 144(2), 80-89
[in Ukrainian], doi: 10.30857/1813-6796.2020.2.8.
YELINA, Tetiana, PUKHOVA, Angelina,
ROMANIUK, Veronika, HALAVSKA, Liudmyla.
Study of the process of stretching in the course-
wise direction of different knitting rib struc-
ture. Bulletin of the Kyiv National University of
Technologies and Design, 2020, 148(4), 98-106
[in Ukrainian], doi: 10.30857/1813-6796.2020.4.9.
LONG, James, BURNS, Katherine, and YANG,
Jingzhou (James). Cloth Modeling and simula-
tion: a literature survey. In Proceedings. Third
International Conference, ICDHM 2011, Orlando,
Florida, USA, July 9-14, 2011. Edited by Vincent
G. Dufty. Berlin, Heidelberg : Springer, 2011, 312-
320, doi: 10.1007/978-3-642-21799-9_35.
SPAHIU Tatjana, SHEHI E, PIPERI Erald.
Personalized avatars for virtual garment de-
sign and simulation. UNIVERSI - International
Journal of Education, Science Technology,
Innovation, Health and Environment, 2015, 1(3),
56-63.

KLEIN, Hartmut, JENEROWICZ, Marcin,
TRUBE, Niclas, BOLJEN, Matthias. How to
combine 3D textile modeling with latest FE hu-
man body models. In 6th International Digital
Human Modeling Symposium (DHM2020),
Skovde, Sweden, 31 August - 2 September 2020.
IOS Press, doi: 10.3233/ATDE200022.



