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Smocking: decorative & elastic
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https://www.pinterest.ch/pin/48371
4816224804862/

https://www.pinterest.ch/pin/ 
633387439170069/

https://www.pinterest.ch/pin/19703
93578988523/



Italian smocking: stitch & pull threads
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unit pattern

front stitch
back stitch

smocking pattern



Italian smocking
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preview

v continuous path
v front & back stitches

smocked results

input: smocking pattern



Italian smocking
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observations:
v loose stitches: non-zero expected length

[1] “Codimensional incremental potential contact”, Li et al. ACM ToG 2021

C-IPC[1] without such prior
v assumes zero stitch length
v cluttered result



Italian smocking
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observations:
v front/back stitches

Blender w/o front/back prior

→ inward/outward pleats



Italian smocking
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fabrication

smocking pattern

our goal:
v formulate non-zero stitching length
v distinguish front/back stitches



Priors from Canadian smocking
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Canadian smocking pattern smocked result[1]

[1] “Digital 3D Smocking Design”, Ren et al. ACM ToG 2024

assume zero length 
stitch & merge



Previous work for Canadian smocking

May 6, 2024 Ningfeng Zhou # 9

[1] “Digital 3D Smocking Design”, Ren et al. ACM ToG 2024

Canadian smocking pattern smocked result[1]

assume zero length 
stitch & merge



Using priors from Canadian smocking...
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front stitch back stitch
[1] “Digital 3D Smocking Design”, Ren et al. ACM ToG 2024

Italian smocking pattern Canadian smocking[1] new priors



Italian smocking
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fabrication

smocking pattern

our goal:
v formulate non-zero stitching length
v distinguish front/back stitches



Fabric & thread interaction
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3D pleats induced by pulling thread

non-trivial to formulate & expensive to simulate



Fabric & thread interaction
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our solution: estimate the final distance between stitching points
not explicitly model fabric & thread interaction



Coarse mass-spring system (MSS)
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stitching springs

with midpoints specifying 
front ( ) and back ( )

fabric springs

Goal: estimate the 
expected lengths for 
stitching & fabric springs



Italian smocking pattern
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front stitch back stitch



Coarse mass-spring system (MSS)

May 6, 2024 Ningfeng Zhou # 16

fabric
spring

stitching 
spring



Coarse mass-spring system (MSS)
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fabric
spring

stitching 
spring



Inaccurate coarse MSS…
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standard MSS: min
!,#∈%!

𝑑 − 𝑑&'&( )

smocking MSS:
extremely coarse representation

𝑑 =
after smocking



Unknown expected length
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modified MSS: min
!,#∈%!

𝑑 − 𝑑*+,-./+* )

fabrication

Unknown non-zero values



Thread stays planar…
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ü estimate stitching points 2D deformation
û accurate cloth + thread 3D simulation

pleats in 3D
stitches roughly in 2D

initial fabric smocked pleat



Solve the 2D-projected MSS
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focus on the stitching lines deformation on the 2D plane

fabric
spring

stitching 
spring



≤ 𝛾 ∗ len!"!#( )num ∗ 𝜏 ≤ len = /
#%&'

len

Stitching spring constraints
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pattern

v 𝜏: fabric thickness
v 𝛾: shrinkage (< 1)



≤ len!"!#( )

Fabric spring constraints
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len
compress w/o cost for projected length

𝜏 ≤

v 𝜏: fabric thickness



Constrained optimization
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challenges
v non-linear non-convex optimization
v many local optimal solutions

objective: maximize all spring lengths

constraints: stitching spring & fabric spring 

→ enforce shrinkage



2D MSS dynamics
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fabric
spring

stitching 
spring

solve via spring dynamics to gradually satisfying constraints



2D MSS dynamics
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fabric
spring

stitching 
spring

via expected length 𝑑(

adjust

violated constraints → additional spring forces 



Expected length of   ~
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𝒅𝒆 = max(𝒅𝒆, 𝜏)

𝒅𝒆 = 𝒅*

𝑑#+,-./

𝒅*
𝒅*

length ⊥ 𝑑#+,-./
preserves more 

𝑑#+,-./
v dynamically adaptive expected length

v avoid penetration

(𝜏: fabric thickness)



Expected length of   ~
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𝒅𝒆 = min(len , len!"!# )

(𝜏: fabric thickness)

𝜏 ≤ len ≤ len!"!#( )fabric spring constraint:

v compress w/o cost for 2D length

v avoid penetration
𝒅𝒆 = max(𝒅𝒆, 𝜏)



2D MSS dynamics (completed)
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step 1: calculate expected length {𝒅𝒆∪ 𝒅𝒆}

step 2: run one step of spring dynamics

go back to step 1 until len ≤ 𝛾 ∗ len!"!#( ):

v 𝛾: shrinkage



2D MSS simulation
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* video played at 6x speed



extracted results (in 2D):
v stitching point position { }
v smocked stitch length {len }

Guide 3D deform with 2D results?

May 6, 2024 Ningfeng Zhou # 31



Italian smocking
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fabrication

smocking pattern

our goal:
v formulate non-zero stitching length
v distinguish front/back stitches



front
midpoint 

𝒱0

back
midpoint 

𝒱1

Stitch-induced pleat constraints
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Stitch-induced pleat constraints
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back stitches à bend outward (positive height)
à bend inward (negative height)

sgn 𝒱1 = 1
sgn 𝒱0 = −1front stitches



≈ sgn 𝒱
len!"!#

2 −
len

2

Stitch-induced pleat constraints
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ℎ ≈ sgn 𝒱 len − len



extracted results (in 3D):
v stitching point position ( , 0)
v midpoint position ( / , / , ℎ)
v smocked stitch length len( )

Prior: position and stitch length
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[1] “Codimensional incremental potential contact”, Li et al. ACM ToG 2021

3D simulator C-IPC[1]

positional constraints

stitch length constraints



Results & Fabrications
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pattern

ours fabrication

runtime:
v 2D sim: 64sec
v 3D sim: 8.26min
v total: 9.33min









Results & Fabrications

May 6, 2024 Ningfeng Zhou # 41

pattern

ours fabrication

runtime:
v 2D sim: 3.5sec
v 3D sim: 2.35min
v total: 2.39min



Results & Fabrications
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ours fabrication

pattern

runtime:
v 2D sim: 27sec
v 3D sim: 11.67min
v total: 12.12min



Results & Fabrications
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ours fabrication

pattern

runtime:
v 2D sim: 11sec
v 3D sim: 7.21min
v total: 7.39min



Results & Fabrications
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C-IPC[1] C-IPC[1] +
non-zero stitch length ours

[1] “Codimensional incremental potential contact”, Li et al. ACM ToG 2021



Results: different shrinkage 𝛾
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pattern

𝛾 = 50%

𝛾 = 20% 𝛾 = 5%

ours

ours ours

fabrication

fabrication fabrication



Results: guide pattern design
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pattern

fabrication

change the pattern

fabrication

our preview resultour preview result



Results: guide pattern design
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pattern

fabrication

change the pattern

fabrication

our preview resultour preview result



Summary
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2D MSS dynamics

height estimation
priors guided 3D simulation



v complex collision handling
→ simplify based on smocking property

v only planar pattern
→ extend to curved surface

Limitation & Future work
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rich-contact region



Thank you for your 
attention J
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Supplementary slides



Rod-fabric simulation
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● extremely thin thread
● non-trivial fabrication process

input pattern

● require advanced collision handling
● non-trivial to determine the boundary condition

initial frame

rod pulling only

rod pulling only & 
fix left side

ours



Stitching spring constraints
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𝑘𝜏 ≤/
2

x2 − x234 ≤ 𝛾/
2

F𝑑2

𝑥"

𝑑"

v 𝜏: fabric thickness
v 𝑘: number of folds
v 𝛾: shrinkage

v �̅�: original length in 
fabric

v x2: 2D positions to 
solve

𝑥#

𝑥$

𝑥% 𝑥&

𝑥'

𝑥( 𝑥)

𝑑# 𝑑'

for a list of stitching springs



2D Optimize via non-linear solver
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𝑛𝑢𝑚 ∗ 𝜏 ≤ 𝑙𝑒𝑛 = /
#%&'

𝑙𝑒𝑛 ≤ 𝛾 ∗ 𝑙𝑒𝑛5( )

𝜏 ≤ 𝑙𝑒𝑛 ≤ 𝑙𝑒𝑛5( )
● 𝜏: fabric thickness
● 𝛾: shrinkage

max(/
#%&'

𝑙𝑒𝑛6 ∪ 𝑠. 𝑡.

Input flat system

v too many DoFs
v no regularity constraints
v initially violating constraints



2D Optimize via non-linear solver
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SLSQP[1] results our results over 45x faster

[1] “SciPy 1.0: Fundamental Algorithms for Scientific Computing in Python”, Pauli Virtanen et al. Nature Methods 2020



Expected length of ℰ!
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v avoid penetration
𝑑%( = max(𝑑%(, 𝜏)

v dynamically adaptive expected length  
𝑑%( = |𝑑#+,-./×𝑑%|

𝑑#+,-./

(𝜏: fabric thickness)

𝒅𝒔𝒆
𝒅𝒔𝒆

Length ⊥ 𝑑!"#$%&
preserves more 

𝑑#+,-./



2D MSS dynamics (completed)
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loop until 𝑙𝑒𝑛 ≤ 𝛾 ∗ 𝑙𝑒𝑛5( ):
calculate 𝑑( for {ℰ%} ∪ {ℰ0}:

run one step of standard MSS

𝑑%( = max(𝑑%(, 𝜏)
𝑑%( = |𝑑#+,-./×𝑑%|

𝑑0( = min(𝑑05, 𝑑0)

𝑑0( = max(𝑑0(, 𝜏)

v 𝜏: fabric thickness
v 𝛾: shrinkage



Convergence of 2D MSS dynamics
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extracted results (in 3D):
v stitched point position 𝑥2, 𝑦2, 0 ∈ {𝒱%}

v midpoint position 
8'38(
6

, 9'39(
6

, ℎ ∈ {𝒱0} ∪ {𝒱1}

v smocked stitch length {𝑑%}

Prior: position and stitch length
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𝒱*

𝑑+*

constraints for 3D simulator:
v positional 

min
𝒱) ∪ 𝒱* ∪{𝒱+}

𝒱 − 𝒱> 6

min
ℰ)

𝑑% − 𝑑%> 6
v stitch length



Runtime
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(a) (b) (c) (d)

v #stitched point |𝒱%|,  #all 2D point |𝒱|, #mesh vertices 𝑛, shrinkage 𝛾



Results: pleat adjustment
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pattern

ours

initial result adjusted result

modify by
preview

v regular & 
symmetrical pleats

v front & back stitches



Results: Canadian smocking
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[RSSH23] “Digital 3D Smocking Design”, Ren et al. ACM ToG 2024

pattern [RSSH23] ours fabrication[RSSH23]

v applicable but slightly flatter pleat



Results: smocking with beads

May 6, 2024 Ningfeng Zhou # 63

insert bead
Image from ©FymsEmbroidery YouTube channel. Used with permission



Results: other deformer
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patternour prior + C-IPC[1] our prior + ARAP[2]

[1] “Codimensional incremental potential contact”, Li et al. ACM ToG 2021
[2] “As-rigid-as-possible surface modeling”, Sorkine et al. SGP 2007

much faster preview 

no collision handling


