Near-Invariant Blur for Depth and 2D Motion
via Time-Varying Light Field Analysis

Yosuke Bandol2 Henry Holtzman2? Ramesh Raskar?
IToshiba Corporation MIT Media Lab

ACM Transactions on Graphics, Vol. 32, No. 2, Article 13, April 2013.

Overview

- General procedure of defocus/motion deblurring ~

Standard camera image Near depth/motion-invariant capture Deconvolved with a single PSF

Image PSF identification Spatially-varying
capture (performed locally) Deconvolution

s Proposed joint defocus & motion deblurring ~

Depth and 2D motion- Spatially-uniform

No PSF identification

Deconvolution

Invariant image capture

fx = ([, [y) Spatial frequency

t Time
v y s = (d—dp)/d Scene depth
A Diameter of circular aperture
A Sensor A Size of square aperture /A /2
Velocity Aperture T Exposure time
(m,, m,) _— S Depth range
m B = @ b M Motion range
—/ — — Q) Maximum spatial frequency
vy Pseudo-random code
C 0 n t r I b u t I 0 n S A n a I yS I S @ N u X eA', eT Sub-aperture/exposure size
Scene point (uj,vy) Sub-aperture location
Scene depth d t; Sub-exposure time instance
As Depth step
Focused depth d, a Parabolic integration coef.

» Proof of near-optimality of focus sweep in depth and 2D fr

(a) Defocus deblurring. w Focus sweep speed
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plane of focus  Aperture Aperture 58% of the upper bound in high-frequency preservation
I | Sensar 67% of the upper bound in depth and 2D motion invariance

Comparison

T T

\

Camera design

Static Scene Point Moving Scene Point

Scene
point

T 1

PSF invariance (center) PSF invariance (center) PSF invariance (center)
> > |
1\ J 1\ J —_— . T

Average Y Time Average Y Time

T I

M
N
-]

PSNR [dB]
(')
-]

+i
1
[

PSNR [dB]
DD W
S

[E—
-
[E—
-

10 20 30 40 10 20 30 40 10 20 30 40 50
Speed Im| [pixels/sec] Speed Im| [pixels/sec] Speed Im| [pixels/sec]

-

-

-
-

Wide-Long s Wide-Short Narrow-Long LatticeFocal-OrthoParabolic ===

Re S u It StaticFocusSweep-1DMotionInv (horizontal) ==f==  (vertical) =i FocusSweep s

Y. 4
¥

). W
NS I
! "y N
'y 0,
' Ay
a ™ ‘.\\
| .\\\~
\ N
- y -y
. » - -
e gl ™ N -
~

“
> "': ‘k‘--‘.‘ e o = -
- .s” - ’h ',‘ - -~ APIRTY

- e

an :"?&-_ -~ --_" R

e Deconvolution resi

Standard camera image Focus sweep camer
e 9



