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Figure 1: Our practical ply-based model for knitted fabrics can simulate both the reflection and the transmission of light (as shown in
the top and the bottom rows, respectively). Additionally, we proposed an efficient technique to model the geometry of a knitted fabric with
user-specified patterns.

Abstract
Modeling the geometry and the appearance of knitted fabrics has been challenging due to their complex geometries and inter-
actions with light. Previous surface-based models have difficulties capturing fine-grained knit geometries; Micro-appearance
models, on the other hands, typically store individual cloth fibers explicitly and are expensive to be generated and rendered.
Further, neither of the models offers the flexibility to accurately capture both the reflection and the transmission of light simul-
taneously.
In this paper, we introduce an efficient technique to generate knit models with user-specified knitting patterns. Our model stores
individual knit plies with fiber-level detailed depicted using normal and tangent mapping. We evaluate our generated models
using a wide array of knitting patterns. Further, we compare qualitatively renderings to our models to photos of real samples.

1. Introduction

Fabrics are essential in our daily lives. Therefore, modeling and
reproducing their appearances virtually is an active research topic
in computer graphics.

Traditionally, fabrics have been modeled using surface-based
models that treat a fabric as an infinitely thin 2D sheet and express
fabric appearance using (potentially spatially varying) reflectance
models. The surface-based models are light-weight, easy to edit,
and have produced plausible results for a wide range of fabrics. On

the other hand, these models are known to have difficulties captur-
ing a fabric’s fine-grained micro-geometry that is crucial for pro-
ducing realistic close-up renderings.

Alternatively, micro-appearance models depict a fabric’s
micron-diameter fibers individually (by utilizing high-resolution
3D volumes or fiber meshes) and offer the highest level of de-
tails to date. Unfortunately, since these models are normally data-
intensive, they are difficult to edit and expensive to render.

Recently, Montazeri et al. [MGZJ20] introduced a ply-based
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model that bridges the gap between the surface-based and the
micro-appearance models. This model describes the geometry of
a fabric as a collection of plies (where a ply is a substrand of a
yarn). The fiber details are then added to the ply surfaces using
normal and tangent mapping. Lastly, the ply-level geometry is cou-
pled with a specialized BSDF capable of controlling the reflectance
and transmittance of light simultaneously.

Despite its practicality and flexibility, Montazeri et al.’s ply-level
model [MGZJ20] has been designed for woven fabrics only. Knit-
ted fabrics—which are arguably more common than the woven
ones since knitting has been the most popular method for man-
ufacturing cloth—have been largely neglected by this model and
many previous ones. Compared with woven fabrics, knitted ones
typically exhibit more three-dimensional patterns that lead to more
complex scatterings of light. Efficiently describing large pieces of
knitted fabrics with fiber-level details has largely remained a chal-
lenge.

In this paper, we extends Montazeri et al.’s model [MGZJ20] to
handle knitted fabrics. Concretely, our contributions include:

� A new pipeline that efficiently models the geometry of a knitted
fabric at the ply level (Sections 3.1 and 3.2).
� An improved appearance model build upon ply-based model

[MGZJ20] that better match the reference photos (Section 3.3).

We qualitatively evaluate the accuracy of our models by comparing
their renderings to photographs of physical samples with identical
knitting patterns (Figure 6).

2. Related Work

In Computer Graphics, there is a large body of works in cloth
rendering and simulation. In this section, we summarize previous
works related to modeling the geometry as well as the appearance
of the knit fabrics.

Cloth modeling. Most of the work involving cloth and textile has
been aimed towards woven fabrics due to their simpler structure.
While woven fabrics consist of two perpendicular yarns called
warps and wefts, knits have usually made by one long yarn for
the entire piece of the fabric. The modeling approaches for woven
cloth are mostly sheet-based representation [UKIG11; GRH*12],
however, recently 3D modeling approaches have also been used in
cloth prototyping. These model represent the fabric down to the
fiber level detail and introduced a new level of details ideal for
close-up views. They are modeled either using volumetric repre-
sentation with high density which is essentially for dense fabrica-
tions [ZJMB11; ZJMB12], or fiber mesh [KSZ*16] utilizing volu-
metric [ZJMB11] or fiber-based [SZK15]. For knitted fabrics, sev-
eral previous works explored knit geometry with a wide range of
patterns and textures [KJM08; YKJM12; NWYM19; WSY19]. Al-
though they offer adequate quality at distant views, they lack the
fine-grained (e.g., fiber-level) details that are crucial for close-up
renderings.

Cloth rendering. In addition to the geometry modeling of the
fabrics, their appearance has been another challenge and an ac-
tive research. A number of surface-based models have been devel-
oped and offer visually plausible appearance specially for far fields

[IM12; SBDJ13; AMF03]. While these models render the results
efficiently, due to their light weight base geometry, they lack the
fine details specially when they are rendered from close-up views.

Data-driven approaches such as Bidirectional Texture Functions
(BTF) [DvGNK99] and specialized Bidirectional Reflectance Dis-
tribution Function (BRDF) combined with texture mapping are
more commonly used to produce realistic results for fabrics.

Recently, a wide range of micro-appearance cloth models
were introduced to the field [KSZ*16; ZJMB11; ZLB16; LN18;
MXF*21]. These models describe the model down to the fiber level
and hence they offer a more accurate appearance thanks to their un-
derlying geometry. However, given their complexity of their mod-
els, efficiently rendering them has been challenging hence there
are several precomputation-based methods to address this prob-
lem such as Zhao et al. [ZHRB13]. Khungurn et al. [KWN*17]
extended precomputed radiance transfer first proposed by Sloan et
al. [SKS02] to caputre light transports for fabrics. These models
still lack performance for an interactive setup. Also, Wu and Yuk-
sel [WY17] proposed a GPU-based method by utilizing precom-
puted ‘core fibers’ to further optimize the performance. However,
this model lacks the physical accuracy for editing and predictive
rendering. Montazeri et al. [MGZJ20] proposed an efficient appear-
ance modeling for ply-based cloth representation that accurately
captures reflection as well as the transmission of light. We slightly
extended this model by improving the fitting step to match the ref-
erence photo better and used for the rendered results in this paper.

3. Our Method

We now describe our main pipeline for generating and rendering
knitted fabrics in ply-level. Our ply-level representation is based on
the work by Montazeri et al [MGZJ20] that offers a good balance
between efficiency and fidelity. Also, our approach simulates only
the macro-scale base mesh then map the ply-level representation
afterward. Our method for generating the knit geometry consists of
two main stages: first generating the knit curves in a flat pieces in
3D texture space, then warp them to the 3D object by extruding the
yarns out of the base geometry.

Overview. Our method takes as input a mesh with per-vertex UV
along with a tilable relaxed yarn curves for a single knitted pattern
released by Leaf et al. [LWS*18]. We first generate the knit geome-
try in a flat piece, throughout the paper we refer to the space where
the cloth is represented as 3D texture space and then we extrude the
yarns out from the base mesh to form the yarns in actual 3D object.
Ply curves are generated twisting around the yarn curves given the
parameters (e.g. number of plies, ply twist). Lastly, fiber geometry
is added using normal/tangent and shadow mapping on the surface
of ply-curve geometries same as Montazeri et al. [MGZJ20].

3.1. Generating the Flat Knits

To generate the knit geometry, we first create the yarn curves in a
flat piece. Given the density of the curves, number of plies and the
ply twisting amount we can create the knit geometry in the 3D tex-
ture space. This method involves two stages: first tiling the knitted
pattern given the number of repeating parameter as an input. Then,
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