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Goal

Why Cut & Sew?

L | + Traditional garment making
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Goal

Why Machine Knitting?

; 'knitout-2

+ Additive manufacturing process

! x-stitch-number 33 ;yarnstart
5 inhook 1
tuck - b37 1
— 1 : tuck + b33 1
= potential waste reaquction tuck - b35 1
releasehook 1
10 knit - b37 1 ;caston

1 knit - b33 1
knit - b29 1
knit - b25 1
14 knit - b21 1
15 knit - b17 1
16 knit - b13 1
u . 17 knit - b9 1
+ Low-level digital control
9 knit - bl 1
20 knit + fo 1
21 knit + f4 1
N x . 2 knit + f8 1
— knit + f12 1
= potential mass customization 24 knit + 16 1
25 knit + f20 1
26 knit + f24 1
knit + f28 1
knit + f32 1
knit + f36 1
knit + f40 1
31 knit + f44 1
2 knit + f48 1
knit + f52 1
I knit + f56 1
knit + f60 1 A
knit + f64 1 D)
37 knit + f68 1
knit + f72 1 E
knit + f76 1 =
10 knit - b73 1
11 knit - b69 1 E-4
b65 1
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Background

Garment Design

Parsing Sewing Patterns into 3D Garments [Berthouzoz 2013]
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Goal Background

Machine Knitting

Automatic Machine Knitting of 3D Meshes [Narayanan 2018]
Visual Knitting Machine Programming [Narayanan & \Wu 2019]




Goal Background

Garment Design for Machine Knitting

[Berthouzoz 2013]

[Narayanan 2018]
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Goal Background

Knitting Terminology

|
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Woven fabric Weft knitted fabric Warp knitted fabric



Goal

Background

Knitting Terminology

Weft knitted fabric
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Knitting Terminology

Stitch
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Knitting Terminology
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Knitting Terminology
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Knitting Terminology
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Knitting Terminology

Wale direction

Stitch graph
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Knitting Terminology

Stitch increase

Stitch graph
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Knitting Terminology

Stitch graph
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Goal Background

Knitting Terminology

Short-rows
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Knitting Terminology

I o Short-rows

Stitch graph
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Goal Background

Knitting Terminology
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Goal Background Workflow

Workflow Overview

User Inputs

Cut & Sew Sketches
t g | RIS

System Outputs
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User

Background Workflow

Workflow Overview

Inputs

System Outputs

________________________

Knitting-Specific Annotations

...............................................
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Goal Background Workflow

Workflow Overview

User Inputs

System Outputs

Time Function
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Goal Background Workflow

Workflow Overview

User Inputs

System Outputs
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User

Background Workflow

Workflow Overview

Inputs

System Outputs
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Background Workflow

Workflow Overview

User Inputs
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Goal Background Workflow

Workflow Overview

User Inputs

System Outputs

Knitting
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Goal Background Workflow

Sketching

Closed Poly-Bezier Curves
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Background

Sketching

Workflow

Edge Linking
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Goal Background Workflow

User Sketch - Jacket
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Goal Background Workflow

User Sketch - Hooded Sweatshirt
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Goal Background Workflow

User Sketch - Princess Dress
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Goal Background Workflow

User Sketch - Trousers with Pockets
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Background Workflow

Knitting-Specific Annotations

Time Constraints
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Background Workflow

Knitting-Specific Annotations

Time Constraints
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Background Workflow

Knitting-Specific Annotations

Time Constraints
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Background Workflow

Knitting-Specific Annotations

Time Constraints

Seam Annotations

39



Goal

Background Workflow

Computational Steps

Computations
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(1) Time Function

Background Workflow

Computational Steps

Computations

...............................................

41



|

T
TT
T
I
TTI
T
11
(ATl
(1ENT
1T
1T
T

SN NN -
1
1
1
1
1
1
B

LRI

-

111111
11
11
11
11
11
11
1
1

1
1
1
1
1
1
1
1

5§
._._»._.—.--_._—--—.———1:
Y

;

111
1
1
1
1
1
|
1

YR AE A A S B U U N N
4 4 7 0EEEEEE . )

1

1

1

1

1

1

1
ri1ri11111
PP I E D S B  B
IR T S S T A CIT (O S B |
;R B B B B R B R B B R

1
1
1
1
1

e e e e e e =
—_— e
_— - - - YL

-t ot Al A - -

e e . -
B B R e |

NNN N N e -

Computations

| S

1

11

11
I TR I e T Y S T §
1111111111
1111111111

111111111111
O O O T ) IR T D B G T ¢
7 TRIRY (Y U IR G VO T S S W
L T D R B R
L1111 111111

L 4111

S AR AR

_— e e e e e
T

Workflow

Background
Computational Steps

(2) Region Graph

-
e,
-

O

C

>
LL

O
£
T
A~~~
~
~—"

Goal

42



1
1
1
1
1
1
1
1

—t
- -~~~ o~ R
v

:

PAR AR A A B B U W U N MY
| S B (0 0 O O S
1
1
1
1
1
1

2T T U G B ¢
T O B B i o L
| B P IR B LR B B B T

e e e e e e =

I N
-

e

NNN N N e - -~

—- - -

e e . -

- A - . - -

Computations

LYy vy

1
1

1111111111
1111111111
1111111111
7 TRIRY (Y U IR G VO T S S W
L T D B T T B PR TS
111111111111

¢ O O TR N T R T R SO T

4 411

'-——l-hhhlv"hn—r—
e
e - -
S R R Y

Workflow

IoN

Background
Stitch Graph

)

Goal
Computational Steps
(1) Time Funct
(2) Region Graph
(3

43



. &5 T 3 55
ol 5 1 r - s .
§ 7272727y NS 2 8§ 2o
E )
k2 rry mmm. mm &mm
| A A S Y 4 }
T Fr 2
% ’
7 G A
' v
WY A P & ’
ko227
-~\v..\..w
bk ? 2, =
r 2”4 dlldtt.l e — Y
e 3 S
el B
m .ll..TLI.I./llI.I. .I-JJ.
m l.!....l.mll.lllll. II-.W
m ll....l.mll.lll/l l-l...l
BN ~ ~ v Y YN SN I-l.ul
((/J.mrlllllll. l-l-m.l
((//.T...I.I.I.I.IIII. l-l-unl,
R S
~N~ NNy VoY g Sy
R
11111.-”.&
lnlll..'..l.r
5
N o~~~
R
il.l.l.”lﬁ
f9) .la
= e e
|
i R
ll.lllnllml.l‘.
I S S S |
- e
= g 2
Ll.l.l.vll
| ® um4
ot — - el
> s ™~
lll.‘ll.q.‘.-l.
. 2
" o / :
Bt o oa Rt N R
I .-.. ll
AN A " g v et g oy l-l.mnh
_M \.....I....l.l.l.l.lnl.l;llnl-m-
\-JA..ILI.IAI.I.IAIAIII.I-J
+M - |.|h...4..l.lal.|ll¢l..|-|-|-n4
g % $
n : 5 mul
— . '.l.m.lmlllll&l-!l.l. .
o 4 B Iy
> H ul.ln.ulc”l.l.l..ll.l.llulo.r-
oA ¥w I IR § //l.....la. ?_Impll’l l.l.-...m
Sk Ly S
5 111y
o e W AV
/.4 w !
g 4 4 A
== Qe il
0 {
.\7\\&\\
O 87 &
A |2 il
l 1111 8
Joododondsd 2

Time

No error

Load
Save

E WOWN WA | ws wnows  omewered  sweiboid  AiSH

@ -

Render

Sheed x4


https://docs.google.com/file/d/1LDsIlzKUeSjh_KWiuCU5QyT-XE_Aq70V/preview

Load

Save

Shape

Linking
No  Curvature

Time

Seam
l - (S0

<

- 0—1 ’

:

*
3

!
i
i

2 X
v f—
:f_ g
= L»
\_1 >

$heed x3

Sketch

1mm

3 px

Border: ? mm ‘ .

#0 | sketch

= — .__/ -.@d
) ,1 5 Y Tal4 ‘
LY \- \ — J
1 )
— = | —o—4
i 1
— - j § L
' .. ] 7 k3
) by
xl #:
Vi ) V4 o Y
I BEINRUEaaAnTDEES] :
M N /
[ . ] 1 ] L
|
) ’ I. f’ J 2 g / Y' L
s : J A 5 /25
: 3 o r 9 ;9 +
I I 11
i I )
ERSESEREPERT VAW TAF T EREEE RS
—a— ——— W AN Y Y

|

Joo)

Oo
 f—
=
- —r
R e
|44
p-4
Compute

Time

Program

Stitches

ac tr

Graph
inverse
Min 0.25

&Y us

Render


https://docs.google.com/file/d/1ZgUgoAxHhb148pOagA7SoEA3QRS2xOc1/preview

Goal

Background Workflow

Time Function Computation

Computations
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Background Workflow Computations
Time Function Computation
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Time Function Computation

Computations
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Goal Background Workflow Computations

Time Function Computation
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Goal Background Workflow Computations

Time Function Computation
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Goal Background Workflow

Time Function Computation
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Goal Background Workflow

Computations

Time Function Computation
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Goal Background Workflow Computations

Time Function Computation
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Goal Background Workflow

Time Function Computation

Computations
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Goal Background Workflow Computations

Time Function Computation
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Background Workflow

Region Decomposition

Time Function

Computations
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Region Decomposition
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Region Decomposition

Time Function
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Background Workflow

Hierarchical Stitch Sampling

Computations
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Background Workflow Computations

Hierarchical Stitch Sampling: Interface Optimization
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Background Workflow Computations

Hierarchical Stitch Sampling: Region Optimizations
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Goal Background Workflow Computations

Hierarchical Stitch Sampling: Region Optimizations
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Goal

Background Workflow Computations

Hierarchical Stitch Sampling: Courses
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Background Workflow Computations

Hierarchical Stitch Sampling: Wales
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Hierarchical Stitch Sampling: Wales
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Hierarchical Stitch Sampling: Wales
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Background Workflow Computations

Hierarchical Stitch Sampling: Short-Rows
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Hierarchical Stitch Sampling: Short-Rows
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Hierarchical Stitch Sampling: Short-Rows
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Background Workflow Computations

Hierarchical Stitch Sampling: Short-Rows
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Background Workflow Computations

Hierarchical Stitch Sampling: Short-Rows
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Background Workflow Computations

Hierarchical Stitch Sampling: Short-Rows
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Goal Background Workflow Computations

Hierarchical Stitch Sampling
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Goal

Background Workflow Computations

Results

Shima SWG091N2, 15-gauge needles
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Garment Results
4-foot mannequin
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https://docs.google.com/file/d/1nuYlO2SenrwXNSLRv6incgFjhXxI51gi/preview

Garment Results,
-foot mannequin
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Garment Results_g

-foot mannequing
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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




Garment Results
16-inch mannequins
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Garment Results
16-inch mannequins
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Garment Results
Princess Dress Variants
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Goal Background Workflow Computations Results

-~ Impact of Seams
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Impact of Seams
No-Seam 1

88



Impact of Seams
No-Seam 1




Impact of Seams
No-Seam 1




Impact of Seams
No-Seam 1




Impact of Seams
X+l Seam




Impact of Seams
X+l Seam
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Impact of Seams
Inverted Y Seam




Impact of Seams
Inverted Y Seam




Impact of Seams
Inverted Y Seam




Goal Background Workflow Computations Results

Interactivity
g 'g %
. e g § & | & 5
T 7 S F| & 3 g ¥
g & & £ 1§ § 5 5

Sketch O ~N S ) O @) & <
Beanie 2 3 3 13184 0.2 0.1 22.0 1.2
Sweater 2 3 4 47624 0.1 0.1 47.0 5.0
Trousers 12 3 6 57254 0.3 0.2 65.4 5.8
Cardigan 4 5 4 12290 0.1 0.1 6.8 0.0%
Dress 14 2 4 17238 0.8 0.4 29.6 2.1
Hoodie 6 3 5 12874 0.8 0.2 70.9 1 L7ier
Jacket 5 3 4 11252 0.5 0.1 41.2 0.7
Turtleneck 8 3 4 13426 0.8 0.1 26.5 1.6
Shorts 6 2 3 2842 0.1 0.1 8.4 0.6
L trousers 12 3 6 11104 0.2 0.4 19.1 22:9
W trousers 6 3 3 14804 0.6 0.2 23,7 0.4




Goal Background Workflow Computations Results

Interactivity
S
& X
§ £

Sketch © @
Beanie 0.2 0.1
Sweater 0.1 0.1
Trousers 0.3 0.2
Cardigan 0.1 0.1
Dress 0.8 0.4
Hoodie 0.8 0.2
Jacket 0.5 0.1
Turtleneck 0.8 0.1
Shorts 0.1 0.1
L trousers 0.2 0.4

W trousers 0.6 0.2



Goal Background Workflow Computations Results

Interactivity
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S
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Sketch ) <%
Beanie 22.0 1.2
Sweater 47.0 5.0
Trousers 65.4 5.8
Cardigan 6.8 0.0
Dress 29.6 2.1
Hoodie 70.9 17.7
Jacket 41.2 0.7
Turtleneck 26.5 1.6
Shorts 8.4 0.6
L trousers 19.1 22.9

W trousers 23.7 0.4
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Goal Background Workflow Computations Results Discussions

Scheduling Transfers

+ Slack constraints

+ QOverlap constraints
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Goal Background Workflow Computations Results Discussions

Scheduling Transfers

+ Slack constraints

+ QOverlap constraints

— Potential for large stitch rotations
= increased risk of failure

— QOverlapped loop transfers (for decrease shaping and lace patterns)

= common source of failure
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Background Workflow Computations Results

Scheduling Transfers: Failures

Issue: unideal transfers due to poor bed alignment

Discussions
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Background Workflow

Scheduling Transfers: Failures

Computations Results Discussions

Issue: overlapped loops during transfer
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Impact of Details
Kickback Increase




Impact of Details
Kickback Increase




Impact of Details
Split Increase
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Reverse Split Increase (inward stitch)
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Impact of Details
Reverse Split Increase (outward stitch)
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Goal Background Workflow Computations Results Discussions

Importance of Details: Increase Stitch Type
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Sizing and Preview
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Sizing and Previewj

112




Goal Background Workflow

Sizing and Preview

e Pattern grading / sizing
= parametric sketches

e Garment preview

= 3D simulation of garment

Computations

Results

Discussions
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Goal Background Workflow Computations Results Discussions

Colorwork and Stitch Patterns
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const reg = s => !s.fromDecrease() && s.getPrevWales().some(ps =>
!ps.tolncrease()) && s.stitch.countCourses() === 2;

const rev = n => n.otherHook();

const purl = Action.register({
pre: (k, d, [n]) => k.xfer(n, rev(n)),
main: (k, d, [n], cs) => k.knit(d, rev(n), cs),
post: (k, d, [n]) => k.xfer(rev(n), n),
splitBySide: true

Di

const ears = prog.node(@).or(prog.node(1));

const bnds = ears.boundaries() .neighbors(0:2);
const ins = ears.minus(bnds);

ins.filter(s => reg(s) && s.index % 2).prog(purl);

J e
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const ¢cs2 = ['2'];

// main mountain region
const back = Action.register({
main: [
({ k, d, n, cs }) => k.knit(d, n, cs),
({ k, d, n }) = k.miss(d, n, cs2)

1,
splitBySide: true
D;
const front = Action.register({

main: [
({ k, d, n, ¢s }) => k.miss(d, n, cs),
({ k, d, n }) = k.knit(d, n, cs2)
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splitBySide: true
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// second yarn handling
const yarnIn = back.extend({
pre: ({ k, d, n, e }) = {
k.inhook(cs2);
k.tuck(d, n, cs2);
k.tuck(d, e.stepNeedle(2), cs2);
k.tuck(-d, e.stepNeedle(1), cs2);
k.releasehook(cs2);
}
});

const yarnOut = back.extend({
post: ({ k }) => k.outhook(cs2)

i

const mounturl = 'data:image/png;base64,<dataurl>’;

// interface for color work

const itf = prog.node(2).and(prog.node(@) .or(prog.node(1)).up()).

up(Q);
const grid = itf.waleGrid(@:end, 30);
grid.prog(back);
const img = prog.parselmage(mounturl);
grid.tileMap(img, {

@: front,
255: back
}, 30, 4, 0);

// yarn handling
grid.first().prog(yarnln);

// rows.first().up() .prog(yarnRelease);
grid.last().prog(yarnOut);

Listing 1. beanie.js
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const reg = s => !s.fromDecrease() && s.getPrevWales().some(ps =>
!ps.tolncrease()) && s.stitch.countCourses() === 2;

const rev = n => n.otherHook() ;

const purl = Action.register({
pre: (k, d, [n]) => k.xfer(n, rev(n)),
main: (k, d, [n], cs) => k.knit(d, rev(n), cs),
post: (k, d, [n]) => k.xfer(rev(n), n),
splitBySide: true

3

const ears = prog.node(@).or(prog.node(1));

const bnds = ears.boundaries() .neighbors(0:2);
const ins = ears.minus(bnds);

ins.filter(s => reg(s) && s.index % 2).prog(purl);
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const ¢cs2 = ['2'];

// main mountain region
const back = Action.register({
main: [
({ k, d, n, cs }) => k.knit(d, n, cs),
({ k, d, n}) => k.miss(d, n, cs2)

1,
splitBySide: true
D;
const front = Action.register({

main: [
({ k, d, n, ¢s }) => k.miss(d, n, cs),
({ k, d, n }) = k.knit(d, n, cs2)
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splitBySide: true
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// second yarn handling
const yarnIn = back.extend({
pre: ({ k, d, n, e }) = {

k.inhook(cs2);
k.tuck(d, n, cs2);
k.tuck(d, e.stepNeedle(2), cs2);
k.tuck(-d, e.stepNeedle(1), cs2);
k.releasehook(cs2);

}
¥

const yarnOut = back.extend({
post: ({ k }) => k.outhook(cs2)

i

const mounturl = 'data:image/png;base64,<dataurl>’
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// interface for color work
const itf = prog.node(2).and(prog.node(@) .or(prog.node(1)).up()).
up(Q);
const grid = itf.waleGrid(@:end, 30);
grid.prog(back);
const img = prog.parselmage(mounturl);
grid.tileMap(img, {
@: front,
255: back
}, 30, 4, 0);

// yarn handling
grid.first().prog(yarnln);

// rows.first().up() .prog(yarnRelease);
grid.last().prog(yarnOut);

Listing 1. beanie.js
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const reg = s => !s.fromDecrease() && s.getPrevWales().some(ps =>
!ps.tolncrease()) && s.stitch.countCourses() === 2;

const rev = n => n.otherHook();

const purl = Action.register({
pre: (k, d, [n]) => k.xfer(n, rev(n)),
main: (k, d, [n], cs) => k.knit(d, rev(n), cs),
post: (k, d, [n]) => k.xfer(rev(n), n),
splitBySide: true

Di

const ears = prog.node(@).or(prog.node(1));

const bnds = ears.boundaries() .neighbors(0:2);
const ins = ears.minus(bnds);

ins.filter(s => reg(s) && s.index % 2).prog(purl);
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const ¢cs2 = ['2'];

// main mountain region
const back = Action.register({
main: [
({ k, d, n, cs }) => k.knit(d, n, cs),
({ k, d, n }) = k.miss(d, n, cs2)

1,
splitBySide: true
D;
const front = Action.register({

main: [
({ k, d, n, ¢s }) => k.miss(d, n, cs),
({ k, d, n }) = k.knit(d, n, cs2)

A 2

splitBySide: true
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// second yarn handling
const yarnIn = back.extend({
pre: ({ k, d, n, e }) = {
k.inhook(cs2);
k.tuck(d, n, cs2);
k.tuck(d, e.stepNeedle(2), cs2);
k.tuck(-d, e.stepNeedle(1), cs2);
k.releasehook(cs2);
}
});

const yarnOut = back.extend({
post: ({ k }) => k.outhook(cs2)

i

const mounturl = 'data:image/png;base64,<dataurl>’;

// interface for color work

const itf = prog.node(2).and(prog.node(@) .or(prog.node(1)).up()).

up(Q);
const grid = itf.waleGrid(@:end, 30);
grid.prog(back);
const img = prog.parselmage(mounturl);
grid.tileMap(img, {

@: front,
255: back
}, 30, 4, 0);

// yarn handling
grid.first().prog(yarnln);

// rows.first().up() .prog(yarnRelease);
grid.last().prog(yarnOut);

Listing 1. beanie.js
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