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Intelligent Tools for Creative Graphics

« Geometric Reasoning
e Physical Constraints
e Data-Driven Techniques and Machine Learning

e Crowdsourcing
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Geometry: Ideation, Design, Fabrication
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creating high-quality contentis challenging and very expensivelll
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Overview

e Physics-guided geometric reasoning

e Proxy-guided geometric reasoning

e Structure-guided geometric reasoning
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Overview
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e Proxy-guided geometric reasoning

e Structure-guided geometric reasoning
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Learning Robustness from Simulations
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Modeling High-dimensional Design Spaces
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Online Modeling
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Simple Example
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Design Options
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1. sketching

= interaction(sewing pattern, material, body shape)
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Different Domain Representations
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SMPL body shapes 2D sewing patterns material properties

2 3IGGRAPH .  [Learning a Shared Shape Space for Multimodal Garment Design, Wang et al., 2018]s



Multimodal Design

Shared Shape Space
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Learning a Shared Latent Space

mput sketch (5)
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Loss Function Terms

1/ ) sketch :
input sketch (5) descriptor (S) . coeff. (M) draped garment (M)

body shape 3 garment
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Supported Edits

input sketch
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Sketch editing:




/7 Problem formulation

Character Motion

[Learning an intrinsic garment space for interactive authoring of garment animation,
Wang et al., Siggraph Asia, 2019]
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Overview
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e Proxy-guided geometric reasoning
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Image Manipulation

. | [Interactive Images: Cuboid Proxies for Smart Image Manipulation,
< JIGGRAPH Zheng et al., Siggraph, 2012] o



co-planarity

Arrangement of Cuboids

repetitions

Proxies
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Edit Examples
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7, SIGERAPH [3-Sweep: Extracting Editable Objects from a Single Photo,
| i Chen et al., Siggraph Asia, 2013]



chordatias blankland: joint distriubtion editor
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FrankenGAN Architecture

style reference ———————————————— FrankenGAN detailed model

mass model

[FrankenGAN: Guided Detail Synthesis for Building Mass Models Using

~ (408X
< SIGGRAPH %, Style-Synchonized GANs, Kelly et al., 2018]
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FrankenGAN: ‘Procedural’ Steps

1st step:
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Input: Madrid



: Madrid
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Overview
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e Proxy-guided geometric reasoning
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bﬂCkreSt arm rest

seat

leg

[StructureNet: Hierarchical Graph Networks for 3D Shape Generation,
Mo et al., Siggraph Asia, 2019]
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structure: elements (parts) + relationships
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Examples of Domains with Structure

3d shapes

2 SIGRAPH .

2D layouts

Patterns

Scene Compositions
& Scene Graphs
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Li et al., GRAINS: Generative Recursive Autoencoders

for INdoor Scenes, TOG 2018
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Why Structure?

Unstructured representation Structured representation

» Regular sample grids and point clouds <« Provides additional information
* Have received more research for down-stream tasks

Change type of backrest? Transform sub-graph?
point clouds for man-made 3d objects
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A smooth, common shape space allows for
Interpolation, generation, exploration, ...

... of both geometry and structure
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With vs. Without Structure

source target

without
structure

with
structure
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Object Representation: Part Geometry
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Object Representation: Part Structure

P o AN

base seat arm arm back
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Object Representation: Part Structure

base’ sedal arnt arm baek
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Object Representation: Sibling Relationships

Reflectional Symmetry 7;

Rotational Symmetry 7, =
Translational Symmetry 1, \ :
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Object Representation: Part Structure
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Architecture: Variational Autoencoder
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A Hierarchy of Graphs

VAE with hierarchical graph encoder and decoder
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Applications

free generation interpolation
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Novelty

generated
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closest training samples
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Comparison to GRASS

i n put GRASS
PartNet
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Applications

reconstruction
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editing
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Structuring Shape Distributions
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Shape Deltas
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7~ SIGGRAPH /%, [StructEdit: Learning Structural Shape Variation, Mo et al., CVPR, 2020]
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Shape Nelghborhoods

geometric neighbors source shape structural neighbors
(similar geometry) S (similar structure)
(/

Learn conditional distributions »(25i15i) of deltas in all neighborhoods with a VAE
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Infer Main Edit
Si
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Transfer Analogous Edits
S; S,

2 SIGGRAPH . latent shape space
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Results: Transferring Analogous Edits
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Latent Space of Programs

del Chisaf):
bbm Gonidi1 214 1. T)
base Busu(® 5, . TI
wedl = Sept 1,0, 0,7
back - Cack) 1..-. 2,F)
s Cuolwidi 1, 4, .7, F)

attwbibeea hbae 50 F 50 %)
wquueaglack, sbue kase, op, 2, .0)
attawck{sont hane, ’., 0.6 41 &)
attacksarm, sack, .5 5,0 1,.3,.5)

attackarm, 5231 !.,ll B4, A 0)
refecnam X)

dad Nackil, w, h, allgnad|:
bbow = Luascidil w, h, a gned)
sutatA = Cubovk 1 18, G4, 1, 1)
e = Cubae 1 78, 1, F)
attackisuraca hane 5 1 5 & I

b dshal, bbeo, 5.0, .5..2 0, .45)

alled skl surlace, 5, 6,8 2, .2,
refern st X

~——— Interpolation in ShapeAssembly Program Space ———

def Claait (:

del Buck[l, w, I, aligned):

b2y = Cukondll, W, h. 3hgnad)
suifuce = Cubuid(1.(8 .56, .11, 7)

shal = Cubuid U1 .73, 1, F|

wiacianfeoo, btboa, 5,1, .55,
whav wala..bbo& 50 ...15 C 3)
yachizda, zufaze, .G L, G,

weflectida, X

def Chrasin):

ded Backil, w, h, ulyned)

Jbcx = Luboid) , A, I, algnec)
s2fave - Cubud( 9 51 L&, T
Hal = Cobond U5 .k I F)
allzeh jsuface, bbug, (5,1, .5, .5 1, .5)
allech slal, bbox, 5, 0, 5,.1,0,.3)
attzchzlat, surface. 5, C, .0, 1,.

wloctshal, X)

del Chuia():

hbax = Tuoaid( 17 16, A5 T)
Laraee  Busel7E, 55, 55, T)
el = Swpl, E 13, 85T
bazk - Cack(.0. 3,.1,T)
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.'rhrh-h.zd‘ 'ru 06 5 75 N6)

del Buck(l, w, I, uligged]:
v = Heamdll v b agnad)
wrfece-Culud &, 4, .1.T)
slul = Casuiu(Us 5, US, 1)
adachianface, boox, 5. 1,5 .5, 1 .5)
wouse e sk, Llox, suilace, bol, 1, .5)
tonzistajaiat, X, 3, UE)

duf Chairf):

ahox = Cadbnid|

Duse BJ-.u T
amal - T
sack= T

allach{tuse, bbos, 5,0,.5, 5.0, .5)

,Ahrh_ ack. boax, 51, 5. 6 1, 15)

allachiszal base. 5,.0,.5,.5,7,.5)

attackiNack sens, & 0 6 % 75, 0

dof Back(l, w, b, aligeeed):

aho = Cadbnid] w b algrad)
suface = Cuko
slat  Cubuid
attack{marace, b, § l " 1. %)
sgasear(sal, bbox, sarface, I.oL.1..5'l
varelaeisiat X 0 0)
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Expression:
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Left->Right: *

Right->Left: #

Down->Up:

Up~>Down:

No hight:

Front ight;




Further details

e Physics-guided geometric reasoning

e Proxy-guided geometric reasoning

e Structure-guided geometric reasoning

http://geometry.cs.ucl.ac.uk/publications.php

Special thanks to all our collaborators and group members.
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