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Why Cut & Sew?
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. + Traditional garment making
= widely accessible

+ Low-dimensional representation
= easily editable / customizable
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Why Machine Knitting?
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+ Additive manufacturing process
= potential waste reduction

+ Low-level digital control
= potential mass customization

.
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Garment Design
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Parsing Sewing Patterns into 3D Garments [Berthouzoz 2013]

Physics-driven pattern adjustment for direct 3D garment editing [Bartle 2017]
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Machine Knitting
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Automatic Machine Knitting of 3D Meshes [Narayanan 2018]

Visual Knitting Machine Programming [Narayanan & Wu 2019]
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Garment Design for Machine Knitting
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[Berthouzoz 2013] [Narayanan 2018]

[this work]
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Knitting Terminology
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Stitch increase
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Stitch decrease
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Short-rows
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Workflow Overview
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User Inputs

System Outputs

Cut & Sew Sketches



Workflow Overview

23

Goal Background Workflow Computations Results Discussions

User Inputs

System Outputs

Knitting-Specific Annotations
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User Inputs
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Time Function
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User Inputs
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Region Decomposition
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User Inputs

System Outputs

Stitch Graph

Seam Editing



Knitting

Workflow Overview
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User Inputs

System Outputs



Sketching

Edge Linking
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Closed Poly-Bezier Curves
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Sketching

Edge Linking
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Closed Poly-Bezier Curves
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https://docs.google.com/file/d/1wj0jt1E7TqzS4OONMbvw3QLO8L37mL5m/preview


User Sketch - Jacket
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Front Back

Collar

Goal Background Workflow Computations Results Discussions



User Sketch - Hooded Sweatshirt
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Back Front Sleeves Hood
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User Sketch - Princess Dress
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Sleeves

Main body

Skirt (darts)
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User Sketch - Trousers with Pockets
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Inseam 
Pockets

Waist band

Back
pieces

Front pieces
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Knitting-Specific Annotations
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Time Constraints
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Time Constraints

Direction
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Knitting-Specific Annotations
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Direction

Time 
Isolines
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Time Constraints



Knitting-Specific Annotations
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Seam AnnotationsTime Constraints
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Computational Steps
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(1) Time Function
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Computational Steps
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(1) Time Function

(2) Region Graph
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Computational Steps
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(1) Time Function

(2) Region Graph

(3) Stitch Graph
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https://docs.google.com/file/d/1LDsIlzKUeSjh_KWiuCU5QyT-XE_Aq70V/preview
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https://docs.google.com/file/d/1ZgUgoAxHhb148pOagA7SoEA3QRS2xOc1/preview


Time Function Computation
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Region Decomposition
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Interface IsolinesTime Function



Region Decomposition
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Interface Isolines Dependency PathsTime Function



Hierarchical Stitch Sampling
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Hierarchical Stitch Sampling: Interface Optimization
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Hierarchical Stitch Sampling: Region Optimizations
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Hierarchical Stitch Sampling: Region Optimizations
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Hierarchical Stitch Sampling: Courses
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Hierarchical Stitch Sampling: Wales
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Hierarchical Stitch Sampling: Wales
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Across Regions



Hierarchical Stitch Sampling: Wales
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Across Regions

Within Regions



Hierarchical Stitch Sampling: Short-Rows
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Hierarchical Stitch Sampling: Short-Rows
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Hierarchical Stitch Sampling: Short-Rows

71

Goal Background Workflow Computations Results Discussions



Hierarchical Stitch Sampling: Short-Rows
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Hierarchical Stitch Sampling
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Results

74

Goal Background Workflow Computations Results Discussions

Shima SWG091N2, 15-gauge needles



Garment Results
4-foot mannequin
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https://docs.google.com/file/d/1nuYlO2SenrwXNSLRv6incgFjhXxI51gi/preview


Garment Results
4-foot mannequin
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Garment Results
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Garment Results
4-foot mannequin
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Garment Results
4-foot mannequin
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Garment Results
16-inch mannequins

801 2 3 4



Garment Results
16-inch mannequins

812 3 4 5



Garment Results
16-inch mannequins

823 4 5 6



Garment Results
Princess Dress Variants
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Garment Results
Princess Dress with Pleats
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Garment Results
Princess Dress with Darts



Impact of Seams
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Impact of Seams
No-Seam 1
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Impact of Seams
No-Seam 1
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Impact of Seams
X+I Seam
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Impact of Seams
X+I Seam
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Impact of Seams
X+I Seam
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Impact of Seams
Inverted Y Seam
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Impact of Seams
Inverted Y Seam
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Impact of Seams
Inverted Y Seam
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Scheduling Transfers
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+ Slack constraints

+ Overlap constraints



Scheduling Transfers
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+ Slack constraints

+ Overlap constraints

− Potential for large stitch rotations
= increased risk of failure

− Overlapped loop transfers (for decrease shaping and lace patterns)
= common source of failure



Scheduling Transfers: Failures
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Issue: unideal transfers due to poor bed alignment



Scheduling Transfers: Failures
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Issue: overlapped loops during transfer
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Impact of Details
Kickback Increase
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Impact of Details
Kickback Increase
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Impact of Details
Split Increase
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Impact of Details
Reverse Split Increase (inward stitch)
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Impact of Details
Reverse Split Increase (outward stitch)



Importance of Details: Increase Stitch Type
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Kickback Split R-Split 1 R-Split 2



Sizing and Preview
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Sizing and Preview
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Sizing and Preview
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● Pattern grading / sizing
= parametric sketches

● Garment preview
= 3D simulation of garment



Colorwork and Stitch Patterns
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