Today’s Topics

16. Intro to Computer Animation
17. Computational Photography
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Topic 16:
Computer Animation

e Keyframe animation

e Forward kinematics

¢ Inverse kinematics

e Motion capture

¢ Physics-based animation (dynamics)




Keyframe Animation
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Designing Plausible Motions
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FIGURE 10a. This spline controls the Z (up) translation of Luxo Jr.
Dips in the spline cause him to intersect the floor.




Designing Plausible Motions
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FIGURE 10b. Two extra extremes are added 1o the spline
which removes the dips and prevents Jr. from going into the basement.

Keyframe Animation
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FIGURE 4a. In slow action, an object’s position
overlaps from frame to frame which gives the

action a smooth appearance to the eye.
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FIGURE 4b. Strobing occurs in a faster action
when the object’s positions do not overlap and
the eye perceives seperate images.
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FIGURE 4c. Stretching the object so that it's positions.
overlap again will relieve the strobing effect.

FIGURE 2. Squash & stretch in bouncing ball.




Keyframe Animation
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Keyframe Animation
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Topic 16:

Computer Animation

e Forward kinematics

Specifying & Interpolating Keyframes
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FIGURE 3. Squash & stretch in Luxo Jr.'s hop.




Animating Articulated Structures
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Forward Kinematics
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Forward Kinematics

Goals - » dekermme pace of possbe wobions
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End-Effector Space (aka “Configuration Space”)
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End-Effector Space (aka “Configuration Space”)
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End-Effector Space (aka “Configuration Space”)
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End-Effector Space (aka “Configuration Space”)
Qi How can we

Caeg ) e

Hmjr: il is o gA_er_Lg

O-Q tevoludion !

Motion in Joint Space vs. Configuration Space
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Motion in Joint Space vs. Configuration Space
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Key-Framing with Forward Kinematics
end -o((echor dowauin
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Key-Framing with Forward Kinematics
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Topic 16:

Computer Animation

¢ |Inverse kinematics

Key-Framing with Inverse Kinematics
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Key-Framing with Inverse Kinematics

Grocdhow et ok, S1662aP4 /0y

Inverse Kinematics
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Inverse Kinematics: Difficulties
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Inverse Kinematics: Difficulties
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Inverse Kinematics: Difficulties
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Numerical Inverse Kinematics
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Numerical Inverse Kinematics
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Inverse Kinematics & the Jacobian
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Inverse Kinematics & the Jacobian
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Inverse Kinematics Using the Jacobian
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Inverse Kinematics Using the Jacobian
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Topic 16:

Computer Animation

e Motion capture
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Marker-Based Motion Capture

What the Camera Sees ...
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Manipulating & Re-Targeting MoCap Data...

Grodhow et ok, S16628PH%Y

Topic 16:

Computer Animation

¢ Physics-based animation (dynamics)
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Simulating Rigid-Body Physics

Ml RigidBody - Dominoes (126.0 fps)

File Options
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Simulating Physics of Fluids & Rigid Bodies

Topic 17:

Computational Photography

¢ Physics-based animation (dynamics)
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Three Converging Trends

digital cameras

Three Converging Trends

digital cameras + computation

Canon’s first wide angle Digital IXUS includes DIGIC III
and Face Detection

Amstelveen, The Netherlands, 14 September, 2006
] = to enthusiast - the tal

e to its
Enhanced
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Three Converging Trends

digital cameras + computation + web

Create Your Account

Share your photos.
Watch the world.

2,950 photos uploaded in the last minute - 6,292 photos tagged with fresco - 2.3 million photos geotagged this month - Take the tour

Digital post-processing

Photoshop
replacing traditional darkroom techniques

also replacing exposure compensation, color filtering, and
other specialized shooting techniques

second generation tools
warping images, stitching panoramas

will eventually replace the view and panoramic camera

around the bend
high-X imaging (resolution, dynamic range, focus, etc.)
techniques based on multiple images

Slide by Marc Levoy
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SIGGRAPH Videos

Nishino & Nayar, “Eyes for Relighting,” Proc. SIGGRAPH 2004

Bitouk et al, “Face swapping: Automatically replacing faces in
photographs,” Proc. SIGGRAPH 2008

Ballan et al, “Unstructured Video-based Rendering: Interactive
Exploration of Casually-Captured Videos,” Proc. SIGGRAPH 2010

Liu et al, “Content-preserving warps for 3D video stabilization,”
Proc. SIGGRAPH 2009

Yuan et al, “Image deblurring from blurred/noisy image

Eyes for Relighting

Eyes for Relighting

Ko Nishino Shree K. Nayar

Columbia University
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Face swapping

Face Swapping:
Automatic Face Replacement
in Photographs

Dmitri Bitouk, Neeraj Kumar, Samreen Dhillon,
Peter N. Belhumeur, Shree K. Nayar

Columbia University

Unstructured Video-based Rendering

Unstructured Video-Based Rendering:
Interactive Exploration
of Casually Captured Videos

L.Ballan G. J. Brostow J.Puwein M. Pollefeys
ETHZ UCL ETHZ ETHZ

SIGGRAPH 2010
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3D Video Stabilization

CONTENT-PRESERVING WARPS FOR
3D VIDEO STABILIZATION

FENG LIU
MICHAEL GLEICHER
UNIVERSITY OF WISCONSIN-MADISON

HAILIN JIN
ASEEM AGARWALA
ADOBE SYSTEMS, INC.

SIGGRAPH '09

Image deblurring

Image Debluring with
Blurred/Noisy Image Pairs

Lu Yuan Jian Sun

Long Quan  Heung-Yeung Shum

Siggraph 2007
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What Comes Next...
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