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Modeling and Visualization of Knitwear

Eduard Groller, Member, IEEE Computer Society, René T. Rau, and Wolfgang Strafer

Abstract—Visualization and modeling of textile materials has
already been investigated in detail in the computer graphics lit-
erature. Most of the work, however, concentrates on woven fab-
rics. In this paper we present a novel approach to the modeling
and rendering of knitwear. After the topological specification of a
knitting pattern a subdivision into basic elements is done. The
yarn microstructure within basic elements is approximated by
volume data sets. The repetitive structure of knitted fabrics al-
lows an efficient rendering technique. Resulting images are given
that demonstrate the feasibility of our approach.

Index Terms—Knitwear, volume visualization, textile modeling.

I. INTRODUCTION

i

REALISTIC representation and rendering of textiles is im-

portant for various fields of industry and research, e.g.,
fashion design, interior design and human animation. Textiles
are made up of yarns which in turn consist of elementary fi-
bers. There is a wide variety of possibilities to combine yarns,
each defining a different type of textile structure. Some typical
textile structures are woven materials, knitwear and lace fab-
rics. Despite these various textile types most research literature
in computer graphics deals only with woven materials. Some
work has been done on modeling and rendering the macro-
structure of woven materials, e.g., [4], [12]. In [4] a physi-
cally-based technique for predicting the drape of woven fab-
rics is investigated. Interacting particles define small-scale
interactions. The correct macroscopic behavior is produced by
computationally aggregating these interactions. Other work
deals with the interaction of light with textile surfaces. A
lighting model for rendering the peculiar gloss of cloth objects
is presented in [14]. Considering microscopic fabric features
such as fiber cross-section or weave (warp, weft) the authors
come up with an anisotropic lighting model consisting of
specular reflection, internal reflection, and diffuse reflection. It
is, however, assumed that cloth is viewed from a distance, so
that single yarns are not distinguishable.

For the virtual design there is a need in textile industry to
visualize not only woven materials but knitwear as well. We
realized this in collaboration with an industrial partner. This
paper presents an approach for realistic representation of knit-
ted fabrics and thread structure. Our technique models the yarn
microstructure as 3D data to allow a close-up inspection of the
model. Previous methods for textile design are based on 2D
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texture mapping to express cloth texture. Typically the texture
is gained by scanning real textile materials which is then
mapped onto surfaces. Close-up inspection is limited by tex-
ture resolution and no insight into the real 3D microstructure
of the material can be achieved. This is especially disadvanta-
geous when considering knitted fabrics which often are charac-
terized by rather pronounced 3D microshapes. Visualizing the
3D structure of knitwear explicitly allows a fast virtual design
of knitted fabrics with the possibility to easily change various
parameters, e.g., loop width, color, yarn type, yarn thickness,
and arrangement of knitted stitch types. Rendering the 3D
structure of knitwear enables low-cost rapid prototyping with-
out the need to produce real samples of novel knitted fabrics.

Rendering of human hair ([3], [5], [13]) is somewhat related
to our task in that it also involves the modeling of fibrelike ob-
jects. Most approaches for hair modeling represent the geometry
of single hairs or strands of hairs explicitely. Our method, on the
other hand, is more in the spirit of the method described in [7].
There a technique for the rendering of furry surfaces is intro-
duced. Rendering primitives are volume densities with ani-
sotropic lighting behavior. Instead of an explicit representation
of individual hairs the authors use so-called fexels which are
three-dimensional arrays of parameters approximating visual
properties of collections of microsurfaces. The parameters stored
at each location of a fexel are: density, representative orientation
of microsurfaces, and reflectance function. Rendering furry ob-
jects includes creation of texels, mapping of texels into world
space, the intersection of rays with texels, and the computation
of the lighting model. Knitting yarn has a fine microstructure
where single fibers are not perceivable by themselves but pro-
vide an important contribution to the overall visual impression of
the yarn structure. Similar to the idea of introducing texels [7],
we do not model the geometry of the yarn microstructure explic-
itely but use volume data sets to represent collections of fibers
simultaneously. Therefore rendering time is independent from
the geometric complexity of the yarn structure. Modeling of
phenomena intermediate between shape and texture has also
been done in [9].

Section II describes the topological construction of knitted
fabrics. In Section III modeling of the yarn microstructure as
volume data is explained. Section IV investigates efficient
rendering approaches of knitted fabrics by exploiting various
periodicity propetties of knitwear. Section V discusses result-
ing images and Section VI outlines future work.

II. A SIMPLE KNITWEAR MODEL

Simple knitwear patterns are made up of only two types of
loops (R-loop or plain stitch and L-loop or reverse stitch) and
therefore have a highly repetitive structure. A knitwear pattern
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is constructed row by row where each row consists of a series
of consecutive loops. For each loop of the previous row a new
loop on the current row is built by pulling the knitting yarn
through the loop of the previous row either from front-to-back
(L-loop for left loop) or back-to-front (R-loop for right loop).
R-loops and L-loops are shown in Fig. 1. Notice the view-
dependent definition of the type of a loop, i.e., the front view
of an R-loop is the back view of an L-loop and vice versa.

Fig. 1. R-loop (plain stitch) and L-loop (reverse stitch).

Figs. 2 and 3 illustrate simple knitted fabrics by giving the
topology of the thread structure and an abstract representation.
The abstract representation specifies the types of loops the
knitwear pattern is made of. Fig. 2 shows the RL-knitted fabric
which consists of only one type of loop (for the: notations see,
e.g., [6]). The front and back view of this pattern differ from
each other. Fig. 3 illustrates the RR-knitted fabric and LL-
knitted fabric with their corresponding abstract representa-
tions. Both of these patterns produce the same front and back
view. More general knitted fabrics are specified by an arbitrary
arrangement of R- and L-loops. There are in fact more com-
plex knitted fabrics which consist of more than two types of
loops. For simplicity we will however concentrate our investi-
gation on knitting patterns as described above. Due to the re-
petitive structure of a knitting pattern, a subdivision into basic
elements can be done. There are two basic elements, one cor-
responding to an L-loop and one corresponding to an R-loop
(Fig. 4).

Thus modeling of a knitwear pattern is reduced to modeling
the structure of a knitting yarn within basic elements. In a sub-
sequent step the knitwear pattern is then synthesized from
these basic elements by taking various boundary conditions
into account, that must be fulfilled. The location of the knitting
yarn within a basic element is defined by four pieces C;, G,
Cs, C4 of a parametrized 3D skeleton curve C(t). The four
pieces together can be considered to define a single knitting
loop and are parametrized as shown in Fig. 5. A curve-length
parameterization is done so that the following conditions hold:
c@) = Pi» Io= 0,1=t=0256=0.5,1t=1t=0.75 and #=1.0.
The parameterization of the skeleton curve affects properties
of the yarn structure, e.g., twisting behavior, and must be cho-
sen to ensure continuous transitions of the yarn and its micro-
structure between adjacent basic elements.

Fig. 2. RL-knitted fabric, front view and back view.
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Fig. 3. RR-knitted fabric, LL-knitted fabric.

Fig. 4. Knitted fabric and basic elements.
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