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Sketches convey lots of in form ation

Intelligent M ultiM odal In terfaces



M odeling: D isadvantages of W IM P

l N on-linear com plexity (notice CAD ) 
w ith  num ber of com m ands

l 9 0 /1 0  ru le: 1 0 % of the com m ands 

Intelligent M ultiM odal In terfaces

provide 9 0 % of the functionality
l Increasingly com plex applications = >  

no m ore upgrades
l Expert users frustrated by too m any 

layers of com m ands



M otivation

l CAD  System s less usable than paper +  
pencil

l In teractions “too structured”

Intelligent M ultiM odal In terfaces

l Large GAPS from :
l m ental m odel to functions available
l Articulation from  user goals to system  

operations
l W YGILTW YW



Calligraphic Interfaces

l Com bination Tablet +  Stylus
l From  the greek Kalos (beautifu l) +  

Graphein (to w rite or draw )
l Applications organized around sketches

Intelligent M ultiM odal In terfaces

l Applications organized around sketches 
and draw ings

l Explicitly address im precision and 
am biguity

l Goal : m ake CAD  system s m ore usable



N ot a new  idea (See Sketchpad)

l Ivan Sutherland’s Sketchpad (1 9 6 3 )

Intelligent M ultiM odal In terfaces



Som e Related W ork

l Sketch (Zeleznik, 9 6 ) – m ouse based
l Cocktail N apkin (Gross +  D o, 9 5 -9 7 )
l J im  Landay (SILK+ D EN IM , 9 7 )

Intelligent M ultiM odal In terfaces

l Sketch’N  M ake (Bloom ental et al, 9 8 ) 
l Igarashi’s Teddy system  (9 9 )
l Virtual Table (Bim ber et al 2 0 0 0 )
l Randall D avis M ech Assist. (M IT ’0 2 )



Paper and Pencil m etaphor

l Copy w orflow  from  
draftspeople, 

i t

Intelligent M ultiM odal In terfaces

an im ators, 
artists

l U se construction lines
l Reduce com m and set



Am biguous shapes

In telligent M ultiM odal In terfaces



Sketched lines can be am biguous

l W hich are s t r ic t ly
l h o r izon t al

In telligent M ultiM odal In terfaces

l an d
l s t r ic t ly
l v er t ical ?
l In  b et w een  ?



Am biguous Spatial Relations

l W hich w indow  to 
associate scrollbar 
t ?

Intelligent M ultiM odal In terfaces

to?
l U sually leftm ost
l w hat if our language 

also accepts 
rightm ost ?



H ow  to Reduce Com m and Set ?

l U se gesture recognizer
l Gestures create geom etry (3 D  shapes)
l 2 D  Shapes recognized +  projected 

Intelligent M ultiM odal In terfaces

against background planes
l or other objects
l Context provides m eaning
l W hen in  doubt, ask the user



RISC Interfaces : GiD ES 

l Iconic Input
l Prim itive creation 

sim ilar to Sketch 
(Zeleznik, Bim ber)
Si l lid

Intelligent M ultiM odal In terfaces

l Sim ple solids, 
surfaces, ducts

l Contributions:
l Context
l Am biguity
l Increm ental 

construction



RISC Interfaces. Context

l Am biguity = = Operator overloading

Intelligent M ultiM odal In terfaces

l Am biguity = =  Operator overloading 
l Three different m eanings for the sam e 

input:
l Crosses border = =  D elete shape
l Inside = =  Texture / Color
l Outside = =  Am biguous: Expectation 

List



Expectation lists: U ser control

l D ifferent (Am biguous) Interpretations for

Intelligent M ultiM odal In terfaces

l D ifferent (Am biguous) In terpretations for 
Sam e Input

l D efault is “m ost likely”
l Geom etrical shape Ellipse
l Spline
l Filtered Polyline

l Cycle in terpretations
l In telligent / Adaptive Behavior



3 D  Expectation lists

H andle perceptual am biguity too
Also w ork for constructors:

Solid (Cone Trunk)
H ollow  (Surface)
Perspective “cylinder”

Intelligent M ultiM odal In terfaces

Perspective cylinder  
(tw o possible in terpretations - N ecker)



‘

Sketch-Based M odeling

GiD ES+ +

Intelligent M ultiM odal In terfaces

GiD ES+ +
ShapeShop



Gides+ +  

l See dem o VID EO
l Expectation Lists
l 2 D + 3 D Recognition

Intelligent M ultiM odal In terfaces

l 2 D + 3 D  Recognition
l N PR
l Constraints
l Editable H oles
l In tegration w ith SBR



ShapeShop: Sketch-Based Solid 
M odeling w ith  BlobTrees

In telligent M ultiM odal In terfaces

Ryan Schm idt
Brian W yvill

M ario Costa Sousa

SBM 0 5 + SG0 5  Sketch



ShapeShop

l Build on ideas from  SKETCH  ��������	
��
��
��,  
Teddy ���������
��
��
�, GiD ES+ +  ������
��
��
���

l U se H ierarchical Im plicit

Intelligent M ultiM odal In terfaces

l U se H ierarchical Im plicit 
Volum e M odeling 
(BlobTrees �������
��
��
�) 
as underlying shape 
representation



ShapeShop

l ShapeShop is a tool for creating 
BlobTree
m odels using sketches

Intelligent M ultiM odal In terfaces

+ =

BlobTree Sketching ShapeShop



In teraction D esign

l Sketching in terface is N on-M odal
l N o M ouse Buttons or Keyboards

l Pencils have no buttons

Intelligent M ultiM odal In terfaces

l Large display input 
system s are often  
non-m odal
(Sm artBoard, etc)



N on-M odal W idgets

l Pure gesture in terface is challenging
l Com plex gestures, sketch/gesture collision

Intelligent M ultiM odal In terfaces

l Adapt ideas from  CrossY ������
��
���
�� !
�"�
l Crossing for button selection

l Capture-D rag for changing
continuous values



In terface D em o

id

Intelligent M ultiM odal In terfaces

videos



A Few Good Strokes:
Sketch-Based Modeling 
Parametric Surfaces

In telligent M ultiM odal In terfaces

J oseph Charlin
M ario C Sousa

Faram arz Sam avati
J oaquim  J orge



Sketch-Based Modeling

•Uses 2D operations to define 3D shapes

In telligent M ultiM odal In terfaces

2D Sketch Input 3D Model
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2 D  
Strokes

3 D  
M odel



In telligent M ultiM odal In terfaces

VID EO



Contributions

•Stroke Capture:

•new method for parametric surfaces

•Creation Phase:

In telligent M ultiM odal In terfaces

Creation Phase:

•two new surfaces

•B-Spline modeling

•Editing Phase:

•two new operations



1  stroke 2  strokes 3  strokes 4 +  strokes

Intelligent M ultiM odal In terfaces

Tube 
Surface

Rotational
Blending
Surface

Cross-
Sectional 
Blending 
Surface

B-Spline
Patch



Rotational Blending Surface

In telligent M ultiM odal In terfaces



Default Interpretation:
Round

In telligent M ultiM odal In terfaces



Sim ilar to inflation

In telligent M ultiM odal In terfaces



•Each pair of strokes creates 
a Rotational Blending 
Surface

In telligent M ultiM odal In terfaces



Sharp Features possible

In telligent M ultiM odal In terfaces



Cross Sectional Blending:  Motivation

In telligent M ultiM odal In terfaces

pretty good



Cross Sectional Blending:  Motivation

In telligent M ultiM odal In terfaces

pretty good doesn’t look like a leaf



Why doesn’t it look like a leaf?

In telligent M ultiM odal In terfaces



Replace circle to get Non Circular 
Cross Sections

In telligent M ultiM odal In terfaces



M otivation

In telligent M ultiM odal In terfaces

Jack Hamm:  Drawing 
the Head and Figure 
(1963)

Andrew Loomis:  Figure Drawing for All 
It’s Worth (1943)



Faceted Surfaces

total:  seven strokes

In telligent M ultiM odal In terfaces



Creating the Sword Blade

In telligent M ultiM odal In terfaces
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W izard

In telligent M ultiM odal In terfaces
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Orthogonal Deformation Stroke

In telligent M ultiM odal In terfaces

original 
surface

surface from the side 
+ deformation stroke

the surface is 
deformed by the stroke



Orthogonal Deformation Strokes

In telligent M ultiM odal In terfaces

frame transforms

VID EO
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Results

In telligent M ultiM odal In terfaces

Results
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Vulpix:  A cartoon fox with curly hair
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actual drawing our reconstruction 
in 3D
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botanical illustration using our system
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Targeted Constrained M ove

In telligent M ultiM odal In terfaces



Com plexity Budget

74%

20%

6%

Menu Sels.

Data Points

74%

8%

18%

Strokes 

Erase cmds.

In telligent M ultiM odal In terfaces

Camera Ops.Camera Ops.

Ou r  Sys t em

St rokes  
d om in at e (7 5 %)

Com m erc ial CA D

M en u  Sels  
D om in at e 7 5 %



M odeling Plant Structures U sing 
Concept Sketches

Fabricio Anastacio
M ario Costa Sousa
Faram arz Sam avati
J i J

In telligent M ultiM odal In terfaces

J oaquim J orge

N PAR 



Com bining Interaction w ith  
M odeling and A lgorithm s

In telligent M ultiM odal In terfaces



�������	
������
Plant M odeling and Rendering

ll 3 D  single3 D  single--
com pound plant com pound plant 
structures w ith  structures w ith  

h ll t tih ll t ti

Intelligent M ultiM odal In terfaces

phyllotacticphyllotactic
arrangem ents arrangem ents 

ll H andH and--gestures gestures 
artistic variationsartistic variations

ll BiologicallyBiologically--
correct correct 
positioning ru les positioning ru les 
of p lant organs.of p lant organs.

© 1 9 9 1  Eleanor B. W underlich
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Construction 
lines indicate

�������	
������
Botanical Illustrations

In telligent M ultiM odal In terfaces
© 1 9 9 1  Eleanor B. 
W underlich

Posture

Proportions

Constraints



Approach::

Intelligent M ultiM odal In terfaces

(b)

(e)

(a) (d)

(c)



M edical Im age
Segm entation w ith Sketches

Vasco Gervásio  +   

Intelligent M ultiM odal In terfaces

J oaquim  A . J orge



Conventional techniques do not
w ork

In telligent M ultiM odal In terfaces



Snakes are 
good

In telligent M ultiM odal In terfaces



But not
excellent!

In telligent M ultiM odal In terfaces



Low Gradient difficult

In telligent M ultiM odal In terfaces



N oise

In telligent M ultiM odal In terfaces



D ifferent Contours

In telligent M ultiM odal In terfaces



Low quality

In telligent M ultiM odal In terfaces



Local convergence difficult

In telligent M ultiM odal In terfaces



D etails

In telligent M ultiM odal In terfaces



Oversketching
Contours

In telligent M ultiM odal In terfaces



Oversketching

In telligent M ultiM odal In terfaces



U sers correct m istakes

In telligent M ultiM odal In terfaces



Apply snakes to m odified contour

In telligent M ultiM odal In terfaces
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Iterate till user is satisfied

.

Intelligent M ultiM odal In terfaces



Iterate till user is satisfied

In telligent M ultiM odal In terfaces



Iterate till satisfied

In telligent M ultiM odal In terfaces



Iterate till user satisfied

In telligent M ultiM odal In terfaces

l .



Iterate till satisfied

In telligent M ultiM odal In terfaces



Results
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Results

In telligent M ultiM odal In terfaces



Results
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Results
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Results

In telligent M ultiM odal In terfaces



Results
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Resultados

In telligent M ultiM odal In terfaces



Resultados
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Resultados
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Resultados
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Resultados
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Conclusions

l H um an in the loop im proves
segm entation

Intelligent M ultiM odal In terfaces



Conclusions

Better
of both

In telligent M ultiM odal In terfaces

worlds



SKETCH IN G IN  

In telligent M ultiM odal In terfaces

TH REE 
D IM EN SION S



SketchAR Setup

In telligent M ultiM odal In terfaces



SketchAR free form  sketching
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2 -H anded Virtual Taping

l Gadget-Free In teraction
l N o Gloves, N o Polhem us or other 

devices

Intelligent M ultiM odal In terfaces

l Cam era-based optical tracking
l IR for precision, but could drop 

reflective tags in  fu ture
l GESTU RES +  Speech Com m ands
l U ndo as backtracking gesture



2 -handed 3 D  Virtual Taping

In telligent M ultiM odal In terfaces

Background by



Ongoing W ork – Sketching Styles 
using BlobTree Cae 2 0 0 9

In telligent M ultiM odal In terfaces



IM PROVE

Interacting w ith  Large Scale 

Intelligent M ultiM odal In terfaces

D isplays
FP6  European Project
4 0 9 6  x 2 2 6 4  display



Basic Ideas

In telligent M ultiM odal In terfaces

U se Gestures
Pointer/Based In teraction
N o clicking
M arking m enus
See Video



RISCI Conclusions

l Calligraphic In terfaces are good for you
l Am biguity is good. Errors are great!
l Reduced Com m and Set .. .

Intelligent M ultiM odal In terfaces

l Yet surprisingly functional !
l Expectation lists

l Self-disclosing
l U ser controls in teraction

l Sketches +  Constraints =  D raw ings



Things that w ork

l Sketching In terfaces expressive
l Concise Com m ands
l H um an-in- the- loop better’n faster!
l Com bine Sketching w ith Recognition +

Intelligent M ultiM odal In terfaces

l Com bine Sketching w ith  Recognition +  
Application (A I +  N S)

l Eurographics Sketch-Based In terfaces 
and M odeling (http://w w w .eg.org/sbm )

l Since 2 0 0 4



Things that need extra w ork

l Precision needs external constraints to 
happen

l Sketching is inherently 2 D

Intelligent M ultiM odal In terfaces

l Sketching is inherently 2 D
l N eed support surface
l Sketching in  3 D  not clearly a good 

th ing
l N on-self d isclosing



Take-H om e ideas

l Calligraphic In terfaces reduce 
com plexity by focusing on fam iliar 
drafting techniques

Intelligent M ultiM odal In terfaces

drafting techniques
l Good for early stages of design
l M ake errors your friends
l Reduce com m and set



Coda

l Thanks for Listening!
l Q uestions ?

l Refs:

Intelligent M ultiM odal In terfaces

l Refs:
l Research Group:
l http://vim m i.inesc.pt/
l Videos, papers, reports




