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Stitch Meshing



Stitch Meshing

Convert arbitrary 3D shapes into knit models fully 
automatically



Knitting has a long history

Madonna Knitting

by Bertram of Minden 

1400 - 1410

Life magazine’s cover story 

November 24, 1941

Sock in Ancient Egypt

200 - 400

From: the British Museum



Common Products



Fashion Element

Paris Fashion Week, Fall/Winter 2016/17



New Manufacture Materials

Nike Flyknit Car Seat Cover



More Applications in Future

• Knitted carbon fiber electrodes

[Jost et al. 2013]

• Wearable thermal energy harvesting

[Myers et al. 2017]



[Kaldor et al. 2008]

Knitted structure allows some stretches



Knit Structure 

[Abel et al. 2013]
Yarn Loop



Knit Structure 

Yarn Loop
[Yuksel et al. 2012]



But not too much



But not too much



• Replicating the process of knitting machines

[Duhovic and Bhattacharyya 2006]

Prior Work



Stitch Meshes

Stitch Meshing

[Yuksel et al. 2012]



Yarn Loops & Stitches

Yarn Loop course

w
a

le

[Yuksel et al. 2012]



Yarn Loops & Stitches

Yarn Loop

[Yuksel et al. 2012]



Yarn Loops & Stitches

Yarn Loop

Stitch

[Yuksel et al. 2012]



Stitch Mesh Face

Stitch

Stitch Mesh Face

[Yuksel et al. 2012]



Stitch Mesh Face

Stitch

Stitch Mesh Face

[Yuksel et al. 2012]



The Stitch Mesh Face

Stitch Mesh Face Stitch Mesh

[Yuksel et al. 2012]



Stitch Meshes

Stitch MeshStitch Mesh Face



Stitch Meshes

Stitch MeshStitch Mesh Face



Stitch Meshes

Stitch MeshStitch Mesh Face



The Stitch Mesh Face

knit purl

[Yuksel et al. 2012]



Increases & Decreases [Yuksel et al. 2012]



Increases & Decreases

increase

[Yuksel et al. 2012]



Increases & Decreases

increase

decrease

[Yuksel et al. 2012]



Increases & Decreases
example increases

…

[Yuksel et al. 2012]



Increases & Decreases
example increases

example decreases

…

…

[Yuksel et al. 2012]



Stitch Type Library
Stich Type Library

… Stitch Mesh

[Yuksel et al. 2012]



Stitch Type Library
Stich Type Library

… Stitch Mesh

[Yuksel et al. 2012]



Stitch Mesh

Input Mesh Stitch Mesh

Interactive Modeling

[Yuksel et al. 2012]





Stitch Mesh Generation

tessellation

Stitch Mesh

[Yuksel et al. 2012]



Interactive Modeling
Stitch Mesh

Generation
Stitch Mesh

Editing

[Yuksel et al. 2012]



Final Result Photo Reference

Cable Work Pattern

Stitch Mesh

Photo courtesy of Schoolhouse Press

Example Pattern [Yuksel et al. 2012]















Labeling the Input Mesh [Yuksel et al. 2012]



Stitch Meshes

Stitch Mesh Yarn-level ModelLabeled MeshInput Mesh

Input low polygon mesh must be “labelable”



Stitch Meshes

Stitch Mesh Yarn-level ModelLabeled MeshInput Mesh

Hours of modeling with many iterations

[Yuksel et al. 2012]



Problem

How to convert arbitrary mesh to stitch mesh for yarn-level modeling?



We introduce the first fully automatic pipeline to 
convert arbitrary 3D shapes into knit models.

Our Method





Remeshing

We extend the robust quad-dominant meshing pipeline [Gao et al. 2017] to 
produce meshes

• Robust

• All face are similar size

• All angles are close to 90 degree 

Robust Hex-Dominant Mesh Generation using Field-Guided Polyhedral Agglomeration 

Xifeng Gao, Wenzel Jakob, Marco Tarini, Daniele Panozzo

ACM Transactions on Graphics (SIGGRAPH, 2017)



Remeshing

We extend the robust quad-dominant meshing pipeline [Gao et al. 2017] to 
produce meshes

• Robust

• All face are similar size

• All angles are close to 90 degree 

oUse 2-RoSy (two-fold rotational symmetry) field

oCut each polygon with more than 5 sides 

by adding the edge that is most aligned 

with the orientation field

[Gao et al. 2017]





We use half-edge data structure for labeling

Labeling

conflicting (1) conflicting (2)no conflicting



1. Preprocess 

• Triangulation near singularities

2. Minimize conflicting by solving Mixed-integer Programming (MIP) 

problem

3. Postprocess 

• solving conflicts

• merging triangles 

Labeling



Labeling

Preprocess

Conflicting is unavoidable

Singularity



Labeling

Preprocess

Triangulation



Labeling

Three valid half-edge configurations



Labeling

Three valid half-edge configurations

𝟏

𝟏

𝟏 𝟏

𝟏𝟎

𝟎 𝟎𝟎 𝟎
- course edge

- wale edge

𝟏

𝟎



Labeling

𝑒𝑖

𝑙0
𝑒𝑖 𝑙1

𝑒𝑖

𝑙0
𝑒𝑖 , 𝑙1

𝑒𝑖

Mixed-integer Programming problem



Labeling

𝑙0
𝑓𝑖

𝑙2
𝑓𝑖

𝑙1
𝑓𝑖

𝑙3
𝑓𝑖

𝑓𝑖

Mixed-integer Programming problem



Labeling

𝟏 𝟐 𝟏 𝟐

Mixed-integer Programming problem



Labeling

Postprocess – face splitting



Labeling

Postprocess – edge rotation



Labeling

Any type of quads can be represented by two triangles



Labeling

Postprocess – triangles merging



Labeling

Topology

• No conflicting

Geometry

• All faces have approximately 

the same size

• All angles are close to 90 

degree





Knitting Direction Assignment

Knitting direction mismatch



Knitting Direction Assignment

after 

assignment



Knitting Direction Assignment



Knitting Direction Assignment

1. group faces by wale edges to form rows

Grouped Stitch Mesh



Knitting Direction Assignment

1. group faces by wale edges to form rows

2. build a meta-graph

3. minimizes the number of course edges 

with mismatched wale directions

Meta-graphGrouped Stitch Mesh





Stitch Mesh Generation

Subdivide mesh to stitch mesh 



Stitch Mesh Generation

Subdivide mesh to stitch mesh 



Stitch Mesh Generation

Open Yarn Loop

Closed Yarn Loop

Subdivide mesh to stitch mesh 





Yarn Generation

Replace stitch mesh face with corresponding yarn loop topology



Results



Results



Results

48K16K7K

STD 0.06STD 0.13STD 0.22



Results

7K4K1.3K

STD 0.22STD 0.36STD 0.77



Results



Custom orientation field

Default orientation field

Results



Custom orientation field

Default orientation field

Results



Results

Default orientation field

Custom orientation field



Results



Customized 3D Print Glove



3D Print Octopus Sweater





Results



Results



Results

Tests with 106 models



Conclusion

We introduce the first fully automatic pipeline to 
convert arbitrary 3D shapes into knit models.



Future Work

Convert knitted structure to knittable structure

www.knittingindustry.comwww.weareknitters.com

Hand Knitting Machine Knitting



Thanks!
Website: http://www.cs.utah.edu/~kwu

Email: kwu@cs.utah.edu


