
A process-oriented data structure for evaluating the
manufacturability of weft-knitted textiles

Levi Kapllani1, Chelsea Knittel1, Genevieve Dion1, Vadim Shapiro2, David Breen1
1Drexel University 2UC Berkeley
Philadelphia, PA Berkeley, CA
Corresponding author email: lk489@drexel.edu

KEYWORDS
weft-knitted textiles, data structure, contact neighborhoods, manu-
facturability, topology

1 INTRODUCTION
The variety of mechanical properties exhibited by machine-knitted
textiles has made these materials increasingly important to a num-
ber of industries, including consumer products, architecture, com-
posites, medicine, and defense. Computational modeling, simu-
lation, and design of industrial fabrics require efficient represen-
tations of the spatial, material, and physical properties of such
structures. We have developed a process-oriented representation
that models the topology of weft-knitted textiles at the yarn scale.
A process space is a modeling domain defined between fabric and
machine space, thus allowing for machine-independent representa-
tions that capture the local structure of knitted fabrics. The infor-
mation stored in the associated data structure allows for evaluation
of the manufacturability of a stitch pattern, a property derived from
the local topological features of the resulting textile.

2 METHODS
2.1 Primitives and mappings
A knitted textile consists of a series of rows of yarn loops inter-
twined with each other. Since the interaction of yarns at a crossing
and the connections between yarn crossings may be complex, we
encapsulate this complexity in a primitive we call a Contact Neigh-
borhood (CN). This allows us to describe fabrics in terms of CNs
and the yarns that connect them, which are the primitives of our
knitted fabric data structure. The two main CNs are the potential
CN (PCN) and the actualized CN (ACN). PCNs are created when the
needle hooks the yarn as it passes over the needle, thus creating a
loop. The two PCNs created when forming this loop are converted
into ACNs when the yarn is brought back across, pulled through
the loop, and twisted at the contact neighborhoods. See Figure 1.
Each stitch creates four CNs, whose type depends on the stitch
being processed. Each CN pair is shared with the previous and
next stitch instruction. These CNs have different mappings which
describe how the CNs are manipulated by each stitch after the loop
creation phase.

2.2 Data structure
The data structure we have developed holds information about CNs
and their associated mappings. A set ofM × N stitches generates a
2M ×(N +1) array of CNs as shown in Figure 3. The (i, j) index into
the data structure array provides a unique ID and location for the
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Figure 1: (a) A single stitch is represented by the potential
CNs (white disks) of its upper loop and the actualized CNs
(red disks) where its legs cross with the previous loop. (b)
Topological representation of the stitch showing the CNs
and the edges (yarns) that connect them.

associated CN, where each stitch (m,n) updates CNs (2 ∗m,n) and
(2 ∗m + 1,n) and creates CNs (2 ∗m,n + 1) and (2 ∗m + 1,n + 1). At
each (i, j) element in the data structure matrix, three parameters are
stored, which fully specify the CN that is created by the associated
stitch instruction.

The three parameters fall into two categories, location-based
and CN-based. Location-based parameters detail information that is
specific to that (i, j) location in the fabric and CN-based parameters
provide details about the CN that is created at location (i, j), but
which may be shifted to another location. The three parameters
are: stitch type ST (the one location-based parameter) which takes
values K, P or UA, the actualization value AV which specifies if the
CN has been actualized and takes values -1, 0 or 1, and the move-
ment vector MV that stores the CN’s relative movement [∆i,∆j] in
the CN grid.

The stitch type values K, P and UA correspond to knit, purl
and unanchored. A Knit stitch is created when the yarn is drawn
through the loop(s) held on the needle from back to front and the
Purl stitch is formed when the yarn is drawn through the held
loop(s) from front to back. The Unanchored type is formed when
one or both leg CNs of the loop are not anchored, i.e. have not been
held fast by a yarn twisting. The initial state of the actualization
value of the CNs in the data structure is -1, signifying that no CN
is defined at this location. When a PCN is created at location (i, j),
its actualization value is updated to 0, signifying an unactualized
CN. When the PCN is actualized this value is updated to 1. The
movement vector has value [0,0] for ACNs, it takes negative and
positive values of ∆i for horizontal movements to the left and
right respectively and mostly positive values of ∆j for vertical
movements.
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Figure 2: Manufacturability of the knitted material: (left) Stitch pattern: T - tuck stitch, TX(3L) - transfer stitch three units to
the left, K - knit stitch. (right) CN representation of the stitch pattern highlighting the CNs causing the pattern to be invalid.

Figure 3: Corresponding data structure. Each element stores [ST, AV, MV] values.

3 MANUFACTURABILITY
From the CNs and their mappings we are able to produce a topology
graph of knitted textiles. This capability allows us to identify stitch
patterns that will produce an invalid textile. An invalid textile is
one that contains at least one topological loop that does not consist
of four actualized CNs, or a yarn that is stretched to a breaking
point. These faults produce incomplete topological structures that
lead to the fabric unravelling.

There are three validity checks performed on the data structure.
The first goes through the populated data structure and looks for
CNs with an actualization value equal to 0. If the CN has been
transferred somewhere else, we determine the destination location
of the CN and check whether the CN has been actualized there. If
the stitch type of the destination location is a K|P, then the CN has
been actualized, otherwise the CN is unactualized and represents
a loop not held fast by another yarn, a situation that causes the
material to unravel. Second, when CNs are transferred, the yarn
stretches. To make sure this stretch does not break the yarn or
the needle we compute the Manhattan distance between each CN
and its final destination. If this distance is greater than three, then
the stitch creates an invalid configuration. Lastly, for loops to be
properly formed both of their leg CNs should be anchored. In some
cases, e.g. tuck stitches along the fabric edge, the leg CNs are not
properly formed, causing the fabric to locally unravel.
This research was supported by National Science Foundation grants CMMI
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4 RESULTS
Our algorithm was tested on different stitch patterns that included
knit, purl, tuck, transfer, miss and empty stitches. In all cases we
were able to determine the fabric’s validity status and identify rea-
sons for its invalidity. Figure 2 presents one of the stitch patterns
that results in an unmanufacturable textile, as determined by anal-
ysis of the associated data structure in Figure 3. The 10 × 5 array of
CNs presented on the right side of Figure 2 corresponds to the CNs
created by the stitch pattern on the left side of the figure. The red
circles correspond to actualized CNs of type knit, the blue circles
correspond to the fabric’s bind-off stitches and the Xs within the
squares correspond to CNs responsible for the unmanufacturability
of this textile. The green CNs (0, 3) and (1, 3) are CNs created by
the tuck stitch. The legs of the loop that go through these two CNs
are not anchored. Stretched yarns may break themselves or the
machine’s needles. This depends on the yarn material, but most
yarns break if transferred more than three units away from their
original location. The yellow CNs (6, 2) and (7, 2) are transferred
three needle units (or six CNs) to the left and then tucked one level
up, which yields a Manhattan distance greater than 3. Therefore
these two CNs will probably cause the yarn to break, and are there-
fore flagged as invalid. Finally, the pink CNs (0, 2),(1, 2),(8, 3) and
(9, 3) are PCNs that are never actualized. CNs (0, 2) and (1, 2) are
not actualized due to the unanchored CNs (0, 3) and (1, 3) and CNs
(8, 3) and (9, 3) are not actualized due to the empty stitch above
them in the stitch pattern.
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