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As a Mapping ProblemAs a Mapping Problem

We already have a visual 
representation of objects of interest
We already have a visual 
representation of objects of interestrepresentation of objects of interestrepresentation of objects of interest

We want to be able to manipulate We want to be able to manipulate 
themthem

Mapping user’s gestures with Mapping user’s gestures with Mapping user’s gestures with 
existing visual motion
Mapping user’s gestures with 
existing visual motion

current_time
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2D translations 2D translations + 1D rotations [Beaudouin-Lafon 01]
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User’s Gesture Space:
•2D mouse translations + buttons
User’s Gesture Space:
•2D mouse translations + buttons2D mouse translations + buttons

Screen Motion Space:
A  b bl  ti   th  

2D mouse translations + buttons

Screen Motion Space:
A  b bl  ti   th  •Any observable motion on the screen•Any observable motion on the screen

2D translations 6DOF rigid motions
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= Manipulating an object whose = Manipulating an object whose = Manipulating an object whose 
translation is constrained to a curve 

= Manipulating an object whose 
translation is constrained to a curve 

•Straight lines:•Straight lines:

•Other:•Other:

Cabri Géomètre Autodesk Maya
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= Manipulating an object whose motion = Manipulating an object whose motion = Manipulating an object whose motion 
is constrained to a 1-D parameter 

= Manipulating an object whose motion 
is constrained to a 1-D parameter 

t = 0t  0

t = 0.5

t = 1



Flow DraggingFlow Dragginggg ggg g

= Manipulating an object whose motion = Manipulating an object whose motion = Manipulating an object whose motion 
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•Equivalent to
curvilinear draggingcurvilinear dragging
on a family of curves
curvilinear dragging
on a family of curves
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= Manipulating an object’s relative = Manipulating an object’s relative = Manipulating an object’s relative 
motion (“induced motion”)

= Manipulating an object’s relative 
motion (“induced motion”)



RFDRFD
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Supporting RFD on Video ClipsSupporting RFD on Video Clipspp g ppp g p

Extracting motionsExtracting motions

•Objects motion•Objects motion

•Background motion•Background motion

Supporting CurvilinearSupporting Curvilinearpp g
Dragging

pp g
Dragging
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Manual Annotation vs. AutomaticManual Annotation vs. Automatic

Scale Invariant Feature Transforms Scale Invariant Feature Transforms 

Object tracking vs. Optical flowObject tracking vs. Optical flow
Scale Invariant Feature Transforms 
(SIFT) [Lowe 2004] 
Scale Invariant Feature Transforms 
(SIFT) [Lowe 2004] 
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Feature Motions
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1. Feature Detection
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2 Feature Matching2. Feature Matching
3. Interpolation
2. Feature Matching
3. Interpolation

Feature Motions Optical Flow
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1. Feature Detection
3 Feature Matching
1. Feature Detection
3 Feature Matching3. Feature Matching
4. Interpolation
5. Trajectory Construction

3. Feature Matching
4. Interpolation
5. Trajectory Constructionj yj y

Feature Motions “Pixel” Trajectories
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Estimation3. Feature Matching

4. Interpolation
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3. Feature Matching
4. Interpolation
5. Trajectory Construction
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Feature Motions Feature Motions Plot



Extracting Motions from VideosExtracting Motions from Videosgg
1. Feature Detection
2 Feature Matching
1. Feature Detection
2 Feature Matching

2b.  Background Motion
Estimation

2b.  Background Motion
Estimation2. Feature Matching

3. Interpolation
4. Trajectory Construction

2. Feature Matching
3. Interpolation
4. Trajectory Construction

Estimation
2c.  Background Motion

Compensation

Estimation
2c.  Background Motion

Compensationj yj y

Absolute Feature Motions Relative Feature Motions



Extracting Motions from VideosExtracting Motions from Videosgg
1. Feature Detection
2 Feature Matching
1. Feature Detection
2 Feature Matching

2b.  Background Motion
Estimation

2b.  Background Motion
Estimation2. Feature Matching

3. Interpolation
4. Trajectory Construction

2. Feature Matching
3. Interpolation
4. Trajectory Construction

Estimation
2c.  Background Motion

Compensation

Estimation
2c.  Background Motion

Compensationj yj y

Absolute Optical Flow Relative Optical Flow



Extracting Motions from VideosExtracting Motions from Videosgg
1. Feature Detection
2 Feature Matching
1. Feature Detection
2 Feature Matching

2b.  Background Motion
Estimation

2b.  Background Motion
Estimation2. Feature Matching

3. Interpolation
4. Trajectory Construction

2. Feature Matching
3. Interpolation
4. Trajectory Construction

Estimation
2c.  Background Motion

Compensation

Estimation
2c.  Background Motion

Compensationj yj y

Absolute Trajectories Relative Trajectories



Extracting Motions from VideosExtracting Motions from Videos
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2 Feature Matching
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2b.  Background Motion
Estimation

2b.  Background Motion
Estimation
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2. Feature Matching
3. Interpolation
4. Trajectory Construction

2. Feature Matching
3. Interpolation
4. Trajectory Construction

Estimation
2c.  Background Motion

Compensation

Estimation
2c.  Background Motion

Compensationj yj y

Pre-computed (2-5 sec /frame)Pre-computed (2-5 sec /frame)Pre-computed (2-5 sec./frame)Pre-computed (2-5 sec./frame)

Real timeReal time
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Limits Limits 

OcclusionOcclusion
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Inverse Computation:Inverse Computation:Inverse Computation:
Location on the curve -> Frame number

Inverse Computation:
Location on the curve -> Frame number
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RequirementsRequirements

Arc-Length
Continuity
Arc-Length
Continuity

Directional
Continuity
Directional
Continuity

Multi-Scale 
Navigation
Multi-Scale 
Navigation ContinuityContinuity ContinuityContinuityNavigationNavigation
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Our SolutionOur Solution

The Closest Point MethodThe Closest Point Method
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IssuesIssues

Extremely complex curves
Clip curves

Extremely complex curves
Clip curvesClip curvesClip curves

Sensitivity to noiseSensitivity to noise
Low-pass filtering [Taubin 95]Low-pass filtering [Taubin 95]
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RFD

Motion Extraction

RFD

Motion ExtractionMotion Extraction

Curvilinear Dragging

Motion Extraction

Curvilinear Dragginggg g

Video Player Design
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Video Player DesignVideo Player Design

Related Work

Video Player Design

Related Work

User StudyUser Study
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The Direct Manipulation Video PlayerThe Direct Manipulation Video Player

D i  / D !D i  / D !Design / Demo!Design / Demo!

T j t  T j t  B k d B k d Trajectory Trajectory 
VisualizationVisualization

Background Background 
StabilizationStabilization
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Previous (and Current!) WorkPrevious (and Current!) Work

Si il  Si il  Similar systems
DRAGRI (2002)
T ilbl i

Similar systems
DRAGRI (2002)
T ilbl iTrailblazing

Kimber et al. ’07 
DRAGON 

Trailblazing
Kimber et al. ’07 

DRAGON DRAGON 
Karrer et al.‘08

Visual summaries

DRAGON 
Karrer et al.‘08

Visual summariesVisual summaries
Schematic Storyboards 

Goldman  et al  ‘06

Visual summaries
Schematic Storyboards 

Goldman  et al  ‘06Goldman, et al. 06Goldman, et al. 06



User Study: QuestionsUser Study: Questionsy Qy Q

Advantage in image-space tasks?Advantage in image-space tasks?

Can users Relative Flow Drag?Can users Relative Flow Drag?

User’s preference? User’s preference? 
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“Find the moment in the video when “Find the moment in the video when 
the ladybug passes over marker X”the ladybug passes over marker X”

2x
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“Find the moment in the video when “Find the moment in the video when 
car X starts moving ”car X starts moving ”

3x
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(using a 7(using a 7--point point LikertLikert Scale)Scale)
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People (Relative Flow) Drag wellPeople (Relative Flow) Drag well

For space-centric tasks, RFD isFor space-centric tasks, RFD is
Faster 

As precise or more than Seeker Bar

Faster 

As precise or more than Seeker BarAs precise or more than Seeker Bar

As preferred or more than Seeker Bar

As precise or more than Seeker Bar

As preferred or more than Seeker Bar
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New classes of DM techniques:New classes of DM techniques:
•Curvilinear dragging
•Flow dragging

New classes of DM techniques:
•Curvilinear dragging
•Flow dragging•Flow dragging
•Relative dragging
•Flow dragging
•Relative dragging

Can be applied to other applicationsCan be applied to other applications
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Fl  D i  i   3D A i i  T lFl  D i  i   3D A i i  T lFlow Dragging in a 3D Animation Tool
(Autodesk Maya Extension by Karan Singh)
Flow Dragging in a 3D Animation Tool
(Autodesk Maya Extension by Karan Singh)

Animation TimelineAnimation Timeline
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