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Stuff I do,
and why you might 
be interested



What do these have in common?

Analysis of Proteins

Scientific Data
Display

Motion Synthesis
for Characters

Video Quality
Improvement

Image and Video
Retargeting

Multimedia Database
Information Extraction



What do these have in common?

ÅLǘΩǎ ŀƭƭ ǎǘǳŦŦ LΩǾŜ ŘƻƴŜ ƛƴ ǘƘŜ Ǉŀǎǘ ŦŜǿ ȅŜŀǊǎ



What do these have in common?

ÅLǘΩǎ ŀƭƭ ǎǘǳŦŦ LΩǾŜ ŘƻƴŜ ƛƴ ǘƘŜ Ǉŀǎǘ ŦŜǿ ȅŜŀǊǎ

ÅIt involves large amounts of data

ÅIt involves creating effective presentations

ÅIt requires some understandingof the data
in order to simplifyit



Is there any historical precedent?

Data abundance in the modern age



The world, 1528. Birmingham Public Library Digital Collection. 
http://bplonline.cdmhost.com/cdm4/results.php?CISOOP1=any&CISOFIELD1=CISOSEARCHALL&CISOROOT=/p4017coll7&CISOBOX1=World1528a.s id



Charte Cosmographique, auecles Noms, Proprietez, Nature & Operations des Vents 
(1544)  Birmingham Public Library



FiguraDelMondoUniversale

FiguraDelMondo Universale, 1558

http://bplonline.cdmhost.com/cdm4/results.php?CISOOP1=any&CISOFIELD1=CISOSEARCHALL&CISOROOT=/p4017coll7&CISOBOX1=Figura
http://bplonline.cdmhost.com/cdm4/results.php?CISOOP1=any&CISOFIELD1=CISOSEARCHALL&CISOROOT=/p4017coll7&CISOBOX1=Del
http://bplonline.cdmhost.com/cdm4/results.php?CISOOP1=any&CISOFIELD1=CISOSEARCHALL&CISOROOT=/p4017coll7&CISOBOX1=Mondo
http://bplonline.cdmhost.com/cdm4/results.php?CISOOP1=any&CISOFIELD1=CISOSEARCHALL&CISOROOT=/p4017coll7&CISOBOX1=Universale
http://bplonline.cdmhost.com/cdm4/results.php?CISOOP1=any&CISOFIELD1=CISOSEARCHALL&CISOROOT=/p4017coll7&CISOBOX1=Figura
http://bplonline.cdmhost.com/cdm4/results.php?CISOOP1=any&CISOFIELD1=CISOSEARCHALL&CISOROOT=/p4017coll7&CISOBOX1=Del
http://bplonline.cdmhost.com/cdm4/results.php?CISOOP1=any&CISOFIELD1=CISOSEARCHALL&CISOROOT=/p4017coll7&CISOBOX1=Mondo
http://bplonline.cdmhost.com/cdm4/results.php?CISOOP1=any&CISOFIELD1=CISOSEARCHALL&CISOROOT=/p4017coll7&CISOBOX1=Universale
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A Protein Surface



!ƴ ŀǎƛŘŜΧ

How do scientists look at proteins?

Stick and Ball Model (internals)



!ƴ ŀǎƛŘŜΧ

How do scientists look at proteins?

Stick and Ball Model (internals)

Ribbon Diagram (internals)



!ƴ ŀǎƛŘŜΧ

How do scientists look at proteins?

Stick and Ball Model (internals)

Molecular Surface (externals)



A Protein Surface



Molecular Surface Abstraction



²ƘŀǘΩǎ IŀǇǇŜƴƛƴƎΚ

ÅSimplification

ÅStylized Display

ÅSurface Indications



Putting Information on Surfaces

Surface Parameterization
ÅOnly for local regions
ÅRequires smoothness
ÅArtistic issues?



Patch Smoothing

Before After
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Put text on a surface?



Put text near the surface?



Put text near the surface?

Text scaffold



Text Scaffolds



Cartographic Labeling

Basic  principles:

Å Text should be legible

ï Smooth, likely straight, path

Å Text should be visible

ï Always on top of other features

Å Text may track important features

ï E.g. roads, rivers

Å Text should be close to feature 



Translate these goals into 3D!



Goals

ωLegibility
ω Text must be readable

ω Surface must be smooth

ωVisibility
ω {ǳǊŦŀŎŜ ŎŀƴΩǘ ŜƴǘŜǊ ƻŎŎƭǳŘŜŘ ǊŜƎƛƻƴǎ

ω Surface must bound object 

ωProximity
ω Labels must lie as close as possible to 

corresponding region

ωShape-conveying
ω Scaffold should retain as much of the 

original shape as possible.
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How to meet these goals?

ÅCreate a surface to put labels on
a Text Scaffold

ÅUse 2D cartography methods on the scaffold



Creating 
Text Scaffolds

ÅStart with anything

ÅConvert to Distance 
Field

ÅAdapt field to meet 
goals

ÅConvert to mesh



Example





Results



Results



Examples
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From Artistic and Perceptual Principles

To Computational Models



Motivation:
aƻǊŜ ǾƛŘŜƻ ŘƻŜǎƴΩǘ ƳŜŀƴ ōŜǘǘŜǊ ǾƛŘŜƻ

Good video takes effort!



Problem: Bad Camera Motion 

No planning

No tripod



Problem: Bad Camera Motion 
Prior Work: Image Stabilization

Onepart of the problem: 
jitter

Helped by

Image Stabilization



Problem: Bad Camera Motion
Solution: Re-Cinematography 

Re-Cinematography:
Post-process video clips so that the camera motions 
better follow the rules of good video.



Rubber duck races
Vail, CO, USA, 19 August, 2007

Source Footage Re-Cinematography Result





What the art of cinematography tells 
us about camera motion

Camera motions should be intentional

ïAvoid movement if not necessary

ïMove in directed ways

Re-Cinematography:
Post-process video clips so that the camera motions 
appear to better follow the rules.



Re-Cinematography Pipeline

Source
Video

Motion
Estimation

Motion
Synthesis

Image
Transform

Result
Video



Re-Cinematography Pipeline (1)

Source
Video

Motion
Estimation

Motion
Synthesis

Image
Transform

Result
Video

How did the camera move?



Re-Cinematography Pipeline (2)

Source
Video

Motion
Estimation

Motion
Synthesis

Image
Transform

Result
Video

Figure out what  motion we want in the result



Re-Cinematography Pipeline (3)

Source
Video

Motion
Estimation

Motion
Synthesis

Image
Transform

Result
Video

Transform the source into the result



Re-Cinematography Pipeline

Scene
Analysis

Motion
Analysis

Motion
Synthesis

Source
Video

Motion
Estimation

Image
Transform

Result
Video



Motion Synthesis Steps

Source
Video

Motion
Estimation

Motion
Synthesis

Image
Transform

Result
Video

Create
Motions

Segment
Video

Optimize
Motions



3 Key Ideas

ÅAnalyze motion estimates to break video into segments

ÅUse local mosaics to keyframenew camera motions

ÅConsider both motion and image quality to automatically 
keyframecameras



Local Mosaics

Limit error and motion in each segment



Virtual camera does not have to be 
where the real camera was

Source frames 
shown in yellow

Result frames 
shown in magenta



What paths do we want?

1. Preserve the intent of the source

2. Obey the rule of cinematography:

Camera motion should be intentional



The key insight:
Translate cinematography to 
implementation
Motion should be intentional

ÅStatic shots should be static

ÅMoving shots are goal directed

ïConstant velocity with ease in/out



Directed Paths

Interpolate with direct constant* velocity paths

* Possibly with ease-in and out.



Smooth Paths Depart from Original

Source motion Result motion



Changing motion means transforming 
frames 

Source motion Result motion



Transforming frames might cause 
problems

Source frame Result frame



Penalties for each frane

Offscreen

Uncovered

Distortion



Offscreen



Uncovered



Distorted



A contrived synthetic example to 
explain key insertion



Try the smooth motion first



Insert a key at the worst point





Examples

Å2X speed to emphasize motion

ÅEverything is full-frame

ÅEverything is from real home videos



318 
sourceLearning to run

Vail, CO, 19 August2006

Source Video

318 2X



318 source video



318 resultLearning to run

Vail, CO, 19 August2006

Re-Cinematography Result



318 result video



318 2X2X speedcomparison

Source Footage Re-Cinematography Result



3182X video2X speedcomparison

Source Footage Re-Cinematography Result



A more interesting question:
To swing or not to swing

Source Footage Re-Cinematography Result





Artifacts

Where did she come from?

Input: Output:



{ŀƳΩǎ CƛǊǎǘ {ǘŜǇǎΣ Wǳƭȅ сth, 2006

Re-Cinematography
Result

Skip



First Steps
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3D experiences
without 3D models

How do you move the camera to a different 
place?



Video Stabilization

ÅExisting approach: 2D stabilization

Track a bunch of points Fit full-frame warps that 
best smooth point motion

ÅLimited!

Å5ƻŜǎƴΩǘ ƳƻŘŜƭ ǇŀǊŀƭƭŀȄ

Å/ŀƴΩǘ ǊŜŀǎƻƴ ŀōƻǳǘ ŎŀƳŜǊŀ Ƴƻǘƛƻƴǎ ƛƴ о5



3D Video Stabilization
ÅReconstruct 3D model of world

ÅPlan new camera path

ÅSynthesize new images



Novel viewpoint rendering

How to make a video-quality image?

ÅBuild a really high-quality 3D model?
Too hard
Not enough input data

ÅImage-Based Rendering using other frames?
Violates temporal constraints
Computationally expensive



Novel view from one frame

Impossible?

ÅIncomplete geometric model (sparse)

ÅOcclusions / Dis-occlusions



Novel view from one frame

Impossible?

ÅIncomplete geometric model (sparse)

ÅOcclusions / Dis-occlusions

Impossible!  So Fake it!

ÅJust need visually plausible, not accuracy

ÅViewpoint shifts will be small

ÅAvoid artifacts



3D Stabilization by Image Warping

ÅStructure from motion gives sparse points

Å3D camera planning gives motion of points

ÅUse sparse points to warp image


