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j"}” Motivation: Abstract Data and Human Cognition

A Sparse
A Highly abstract




/‘; » Motivation: Abstract Data Understanding

\

A

A Lots of early exploration with computational models

A Limited ability of understanding objeclevel sketches
[1] M. Eitz J. Hays, and M. Alexa. How do

\;_é humans sketch objects? In SIGGRARH?.

:—% [2] Y Li, Y. Song, and S. Gong. Sketch recognition

l { by ensemble matching of structured features. In
BMVC, 2013

[3] R G. Schneider and Tuytelaars Sketch
classification and classificatiaitiven analysis

@ using fisher vectors. In SIGGRAPH Asia,.2014
—— 'ﬂ-'-. [4] Y Li, T. MHospedalesY. Song, and S. Gong.
(o) L8} Freehand sketch recognition byultikernel

_n__ feature learning. CVIU, 2015.



"w Motivation: Sketch Understanding

/AV

=
|| &
5 @& '!\_.

TUBerlin / Sketchy / QuickDraw




Motivation: Sketch Understanding

SketchyScengZouet. al 2018]

Scenelevel sketch:
A Interaction among multiply objects
A More empty region, lack of contextual information

[1] Changgingou et. al. SketchySceneRichlyAnnotated Scene Sketches. HECV, 2018.
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,/’"’!' Motivation: Scene Sketchinderstanding
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A

Natural language Scene sketch colorization



/S Motivation: Why Languagdased?
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A

A Natural: easilyadopted by noviceusers
A Touchlessfriendly for people with upper limbimpairments
A Effective support batchprocessing colorization
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Aa eStft2¢ oAGK of dzS
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Motivation: Languagébased Sketch Colorization

Ac2e LINROfSYX o6dzi y20 aAYLIE S X

Scene sketch “the car is red with black “the road is black” / “all the trees are green” “the sky is blue and the ground is
windows " “colorize the road with black” / “the sun in the sky is yellow” green”
“black road” e

“the grasses are dark green”



”‘% Challenges
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A. Understanding scenkevel sketch is very hard
A Too abstract
A Lack of contextual information
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/TP Challenges
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B. Multimodal learning between language and scene sketch
A Mapping between language and target objects

& O &o§on the rightmost
KFa 2N} y3S 02RE¢
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/" 777 Challenges
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A

B. Multimodal learning between language and scene sketch

A Oneor multiple objects with singleinstruction

& O KvStreeson the left of
0KS K2dzZaS | NB f A
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/TP Challenges

\

Ay

B. Multimodal learning between language and scene sketch

A Various free expressions ddcation

a0 KSintRendddleA & 3I NI @&
/
d 0 KSne®® hahouseh & I NJ ¢
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- Challenges

C. Multimodal learning between language andbject sketch
A Objectpart-level colorization
A Various free expressions of colors

l.l.!
{2 B8 /o) &,

G 0KS Roded] Aoapllie@vithwbite windows
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/" Inspiration: Drawing and Intelligence Developmen

A

A Sensitive to line drawing and color
A Mode of thinking andcreation
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A‘/v , . . .
/ 7'. ; Inspiration: Language and Literacy Development

P

A Embedding voice in traditional
drawingssupportsOK A f RNB y Q
literacy development

[Raffleet. al 2007]

13



(A‘w
7 )

ALY
\

SIGGRAPH
ASIA 2019

Related Work

SA2019.SIGGRAPH.ORG

CONFERENCE20 November 2019 EXHIBITION8-20 November 2019 BCE(CBrisbane, AUSTRALIA



s M Related Work

\

A

A. Languagebased Image Segmentation
A Fusion oftextual and visual information
A Onlynatural images
A Onlyone binary maskfor single ormultiple target objects

2 ~ NG
I —
h 1]
StHooL Bus
2 o)
— . the bus has orange body and the two trees on the left of the
éthe bottomtwo luggage cases being rolléd blue windows house are light green

[Ye et. al 2019] Our work
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s M Related Work

\

A

B. Languag®asedimageColorization
A Languagebased image editing (LBIE}hen et. al 2018]
A Requirepair-wise scenelevel sketch and coloimage

dThe flower has red
petals with yellow
stigmas in the middie

Scene sketch “the house is pink”

[Chen et. al 2018] Our work

[1] JianboChenet. al.LanguageBased Image Editing With Recurrent Attentive Model€WWPR, 2018.
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Main contributions Q

A Languagebased colorizatiorsystemfor scenesketches
A Languagebased instancesegmentationnetwork for scenesketches
A Three largescaledatasetsfor languagebased scene sketctolorization

“the house is pink” “the two trees are light “all the clouds are light “yellow road” “the sky is brown and
green” blue” “color the grasses in dark green”  the ground is black”

16



Proposed approach Q

A. System pipeline
A Divide-and-conquerand progressivestrategy
A Two modes (foreground and background)

A Three models (instance matching, foreground colorization, background colorizatior

D “>
Instance || Foreground Background
Matching | Colorization j‘> M [j‘> Colorization :>
T T =SS T R %

_____________________________________________________________

Foreground mode Background mode

System pipeline
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Proposed approach

B.1 Instance Matchiniylodel
A Training: twophasesfor binary mask (b) generation

A Inferring: fuse binary mask with instance segmentatioasults

Feature extraction

l H'xWx1
h; h;
Beenlats mLSTM mLSTM : = mLSTM —T>6—> Conv. — upsample —
HOWx1000 | T I W 3008 T HXW'X500
P i} B HxWx1 17 HxWxN
Ili _’i’ I‘ ----- -"i r ----- -',‘: Mask R-CNN
- 1 1 as =
2 ‘i;} <@ ' R — % «r;? < S T O
T ) T 1000T l
HW'xS h == h, = hy =9 g
@‘g W @ T T T Uﬁ’{‘ﬁ"} Fusion ——>
@ LSTM LSTM LSTM ‘rg @ . &
<7 @“Z “{’} Spatial T T J j_oogT :* 51 ™
e coordinates e, (—9— e, er 9 L,j ir “"" @ f Pg
Scene sketch . . r f
(a) Scene sketc (H=H/8) w,  the wy | chicks w oy | yellow| (b) Binary mask (¢) Instance masks

Text-image fusion

O

Foreground mode
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Proposed approach Q

B.2 Foreground Colorizatiadodel
A GAN +usionmodule
A olorize objects from different categories

Skip connections

_________________________________________________________

.
2 L

Synthesized image
> - mLSTM
H'xW'x1536 T m T

R rl 6—1 _>
512% HxW'x512 1‘ r - A _>

' : Label
‘— - STM 12%12 24X24 48X48 26X 192 @ @ Ground truth
* <12 ¢ (& 4 192192
"1 Conv+BN +ReLU ! 1 ? ? Label |
e H . . .
| [ MRU block " The pus o blue (H=H/32) Generator : Discriminator

Foreground mode



Proposed approach

B.3 Background Colorizatiddodel
A cGAN+ two-branch decoder
A Colorization branch

A Explicitsegmentationbranch (segmentation 10ss)

By 3
miSTM ——3% miSTM

768 X768

-
<2y
—_— T o
. 3

Synthesized image

.. mLST™M
T T H’xW'x3072T l
=== 0 0
I [ W [ F— i -
J T 1024 T HX\W'x1024
= ? == Colorization-branch
— [} ny By ) decoder
LSTM LSTM LSTM
— 4 4 10224
=" =" =
HXW'x1024 * * *
Foreground image The sky green
768768
[ Conv + BN + RelU Conv.
[ Res-Block based unit Segmentation-branch
[ Deconv + BN + RelU (W=H/32) Generator decoder

—_—>
HXW’x3

Segmentation mask

768 X768

1T

Background mode

O

Ground truth
768X 768

Foreground image
768768

Discriminator
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Datasets

A MATCHING dataseB8kgroups of textbasedinstance segmentatiordata.

the bus has orange body and
blue windows

the two trees on the left of the
house are light green

all the clouds are dark gray

22



Datasets

A FOREGROUND datasék groups of textbasedsketch object colorizatiordata.

the car has

pink body ’
and light
blue @ © (o) 0

windows

the tree on
the rightmost
is light
green

the butterfly

is orange

the left
house is
purple
with red

roof

the person has
red hair and
is in pink
shirt with
cyan pants

the chicken
in front of

the house is
light brown

22



Datasets 0

A BACKGROUND datasédk groups of textbasedbackground colorizatiordata.

800

“the sky is blue and the “the sky is brown and the
ground is green” ground is black”

(a) Sketch template (b) Foreground image (c) Segmentation

22



Results: Urtargeted g

A. Untargeted colorizationexperiment
A olorize a sketch withfree instructions

A Single object

G O BuSis yellowwithblug A Y R2 ¢ &

23



Results: Urtargeted g

A. Untargeted colorizationexperiment
A olorize a sketch withfree instructions

A Single object

G O BuSis yellowwithblug A Y R2 ¢ &

23



Results: Urtargeted g

A. Untargeted colorizationexperiment
A olorize a sketch withfree instructions

A Multiple objects

eIitKS UNBSa I NB R

23



Results: Urargeted O

A. Untargeted colorizationexperiment
A olorize a sketch withfree instructions

A Multiple objects

@ItKS UNBSa I NB R

23



Results: Urargeted Q

A. Untargeted colorizationexperiment
A olorize a sketch withfree instructions

A Colorize the background
before all foregrounds

GUKS &a1@ Aa ofdzS Iy

23



Results: Urargeted Q

A. Untargeted colorizationexperiment
A olorize a sketch withfree instructions

63{::; % A Colorize the background

before all foregrounds

GUKS &a1@ Aa ofdzS Iy

23



Results: Urargeted Q

A. Untargeted colorizationexperiment
A olorize a sketch withfree instructions

A Language grammar error

GUGKS Ofa2lizRaRFE NP 3

23



Results: Urargeted Q

A. Untargeted colorizationexperiment
A olorize a sketch withfree instructions

A Language grammar error

GUGKS Ofa2lizRaRFE NP 3
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Results: Urargeted Q

A. Untargeted colorizationexperiment
A olorize a sketch withfree instructions

~

GGKS &adzy Aa &S
GOGKS O0ANR 2y GKS
GGKS O0ANR 2y GKS N
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Results: Urargeted Q

A. Untargeted colorizationexperiment
A olorize a sketch withfree instructions

~

GGKS &adzy Aa &S
GOGKS O0ANR 2y GKS
GGKS O0ANR 2y GKS N
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Results: Urargeted

A. Untargeted colorizationexperiment
A olorize a sketch withfree instructions

O

A Unsupported words

det the rabbitbe iInLJA y' 1 €
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Results: Urargeted

A. Untargeted colorizationexperiment
A olorize a sketch withfree instructions

O

A Unsupported words

det the rabbitbe iInLJA y' 1 €
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Results: Urargeted

A. Untargeted colorizationexperiment
A olorize a sketch withfree instructions

O

dthe duck on the right is orange
GRIINBESY 3INI &aas
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Results: Urargeted

A. Untargeted colorizationexperiment
A olorize a sketch withfree instructions

O

dthe duck on the right is orange
GRIINBESY 3INI &aas
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Results: Urargeted

A. Untargeted colorizationexperiment
A olorize a sketch withfree instructions

A Recolorization

d02f 2NAT S
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Results: Urargeted

A. Untargeted colorizationexperiment
A olorize a sketch withfree instructions

A Recolorization

d02f 2NAT S
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Results: Urargeted Q

A. Untargeted colorizationexperiment

G¢iKS Ki <> O~ @QQ aiKS

orangewith GUKS 06, trees on the
dark brown E@ég% on the left are ),/ BEE 5% right are
NB 2 F ¢ ¥\ \ ¥ dark greert @8 dark greert

and the ground e
isgrayé .

24
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Results: Urargeted

A. Untargeted colorizationexperiment
<> aliKS LIS <
D C}Eﬁ the left hasred CC:) C%?
-~
shirt withlight

hair and is in ’% e
blueLJ: y U & g o A

dark brown
I > &ﬁf

GAKS LIS C%fgdfb GO2t 2 NR

the right hasred
hair and is in
orangeshirt with
yellow LI v

GUKS (o
areyellowg

G0KS LI 1,
left ispinké

and ground
yellowg

25



Results: @&rgeted Q

B. Targetedolorizationexperiment
A Colorizea sketch into target coloimages

~ A

1

1

| 1 , < . Iny &
I : N <. a9 [ [ OK tr@d | NB
| @1t GKS OKAO18Yd ché§anfyéllgvg;e@ |
1
1
1
|

, A L a . als L ~ - .
atKS K 2 dza S. A 4 N‘lisdTr?e)\\/vgllgof tﬁeI hgtl]gareqbhl)‘v!i/n‘a y
roof and light blue windows

I :_ and the roof of the house is réd |

Target



Results: @&rgeted Q

B. Targetedtolorizationexperiment
A Colorizea sketch into target coloimages

dthe house with red roofsas yellow
doors

dthe left duckis purple

&he right duckis white¢




Results: @&rgeted Q

B. Targetedolorizationexperiment
A Colorizea sketch into target coloimages

othe leftmost bird isdark blueg

' I
: I
| CGthe birdon the right mostis dark :
| bluet |
' I
' I
. I
|

dathe two middlebirdshave blue

|
|
|
¢the birdsare allblueg :
|
|
|

User A




Results:Generalization C '

C.1 Generalization experiment: cartoestyle drawings

GUKS LISNBR2Y )
middle hagdark brown
hair and is irpink shirt
with light gray LJI y (0 & €

GUKS LISNER2Y 2V
haslight brown hair
and is inorangeshirt
with blackLJl y (i & ¢
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Results:Generalization C '

C.1 Generalization experiment: cartoestyle drawings

GUOKS NIooAUGdagKS NIooAdl
the right islight the upper left is
browng dark graye

30



Results: Generalization

C.2 Generalizationexperiment: anime lineart

b =\
( ‘571 \ “:r',‘('l
¥ U
GUKS LISNBRYKBYLISNARYK 2 piaikf & A
the left hadlight the right has and the ground is
brown hair and is red hair and is yellowg
In red shirt with in orangeshirt

dark grayLJ y U & with cyanskirté
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Results: Generalization f' '

C.3 Generalizationexperiment:artist freehand drawing

R

GG KS LISNHEFWK S2 IS NE 2 dhe &yidlieK S
the left hasred right hasred hair andthe ground
hair and is in and is inlight iIsgreere
yellow shirt with brown shirt with
cyanLJF v G & ¢ purplepants

32



Results: Generalization C '

C.4 Generalizationexperiment: nonartist freehandsketches

G KS darR Eowk 3 G KS yslowMdthblaes A Y R2 6 ¢

]

G0KS KhiesitfSgraNP 2 F €

m— Sketchy
[Sangkloy et ak01§
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Results: Generalization

Q

C.4 Generalizationexperiment: nonartist freenandsketches

albftft GKS

S o e
P —

dthe sky idlue
’—w._u and the ground

isgreere
Photo-Sketching _ﬁ‘ < ]

[Li et al. 2019]

¢the dog on
the right is
dark brownrgé

I > [

G 0KS LISNE
igll——u light brown shirt

with red pants

No

38 <
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