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Motivation

Whats imagedeblurring?

In applicationsuchas astronomynedicinephysicsandbiology,
scientistsise digitalimagesto recordand analyzeresultsfrom
experimentEnvironmentaffectandimperfectionstheimaging
systentancausetherecordedmagedo be degradedy blurring
and noise Imagedeblurringor deconvolutiom the procesof

reconstructinigetrueimagdromthedegradedne

Computationgdroblem

b=Ax +e

Herevectorb representshe blurredimage,A is a matrixthat
containgnformatioaboutheblur,e is additivanoise andx is the
unknowimmagegthereconstructathagehatwewantto find) The
matridA is definedythePointSpread-unctiofPSF) i.e, image
ofi p s iorutobeasd isverylargeleg., fora256x 256image,
Ais256 x 256).

Spectrals. iterativedeblurring

Spectral methods

A Wiener filter, Tikhonov regularization, TSVD, etc.

A Can only be used for spatially invariant blur.

A Nonnegativity constraints cannot be imposed.

A Can be implemented efficiently using fast Fourier transforr
discrete cosine transform (DCT) or discrete sine transform

Iterative methods

A Richardsebucy, CGLS, MRNSD, HyBR, DAMAS, etc.

A Can be used for spatially variant blur.

A Computationally more expensive than spectral methods.

A Nonnegativity constraints can be imposed.

AHard to incorporate regularization and determine appropri
stopping iteration.

Computationa&dernelsfor imagedeblurring

A Fast Fourier transform (FFT).
A Discrete cosine and sine transforms (DCT, DST).
A Singular Value Decomposition (SVD).
A Elementwisgperations on vectors and matrices:
A addition, multiplication, etc.
Anorm, sum, dot product, etc.
A min/max element
AWe developed efficient implementations in Java:
A JTransforms
A Parallel Colt

h (FFT),
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Large -Scale Image Deblurring in Java
Piotr Wendykier, James Nagy

Department of Mathematics and Computer Science, Emory University, Atlanta, GA
http://piotr.wendykier.googlepages.com/deconvolution

ImageJ

AAn image processing program written in Java WReadtzymat the U.S. National Institutes of Health.
A Supports-Bit grayscale or indexed cokit LiBsigned integerb8Zloatingoint and RGB color images.

ARuns on Linux, Mac OS 9, Mac OS X, Windows, andzerGRara.
AHas a large and knowledgeable worldwide user community.

A Has a pluggable architecture. More than 300 plugins are available.

A Supports macros that can be used to automate task and create custo
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Parallel Spectral Deconvolutiingin

[£/ Parallel Spectral Deconvolution 2D 1.5 =)

Image: astronaut-blur.png A
PSF: astronaut-psf.png >
Method: Generalized Tikhonov (reflexive) | v

Stencil: Identity v _

Precision: |Single | v | |v Threshold: |0.0

Regularization parameter:

Number of threads (power of 2): '2

v | Auto regularization parameter Show padded image

Deconvolve Cancel

Astronaut imaget096 x 4096 pixels)

true image blurred image restored image

AlmageJ plugin for spectral deblurring.

A Multithreaded implementation (uses JTransforms and Parallel Colt).
A Generalized Tikhonov, Tikhonov and TSVD image deblurring.

A Reflexive and periodic boundary conditions.

A Single and double precision.

AThreshold option that allows to specify the smallest pixel value assigned to the restored ir
A Automatic choice of regularization parameter (based on Genefdiliddtior)ss
AVery fast update option (deblur the same image with different value of regularization paral

Head MRI ima@&28 x 256 x 256 pixels)

true image blurred image restored image

Parallel lterative Deconvolution Plugin

AlmageJ plugin for iterative deblurring

A Multithreaded implementation (uses JTransforms and Parallel Colt).

AMRNSD, CGLS and HyBR image deblurring.
A Spatially invariant as well as spatially variant blurs.

A FFTbased preconditioner with auto tolerance (based on Generalaeth@ross

A Reflexive, periodic and zero boundary conditions.
A Single and double precision.

AThreshold option that allows to specify the smallest pixel value assigned to the restored image.

Grain imag€56 x 256 pixels)

true image

blurred image restored image

Head renderirsgmage(16 x 206 x 218 pixels)

Mo b 2
true image blurred image restored image

nage.
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Benchmarks

Parallel Spectral Deconvolution Plugin

Method 1 thread 2threads 4 threads 8 threads
. 16.3 12.1 10.9 10.6
Tikhonov (FFT) 54 3y (37.8) (28.8) (27.8)
. 14.8 9.1 6.7 6.1
Tikhonov (DCT) 5o sy (325)  (237)  (22.4)
DeconvolutionJ* 181.7 - - -

Average execution times (in secondb) $pe2tral deblurring
(numbers in brackets include the computation of the regula
parameter; image size: 4096 x 4096 pixels).

meter).

Method 1 thread 2threads 4 threads 8 threads
. 9.2 7.3 7.0 6.7
Tikhonov (FFT) 576y (18.7) (15.6) (14.4)
. 6.2 3.9 2.4 2.0
Tikhonov (BCT) 56y (1409)  (10.3) 9.7)
DeconvolutionJ* 31.6 - - -

Average execution times (in secondb) $pestral deblurring
(numbers in brackets include the computation of the regula
parameter; image size: 128 x 256 x 256 pixels).

Parallel Iterative Deconvolution Plugin

Method 1 thread 2 threads 4 threads 8 threads
CGLS 177.5 92.4 61.2 45.1
MRNSD 196.4 118.6 84.1 67.8
HyBR 159.2 89.6 60.4 48.5
lterative

Deconvolve 3DA 177.6 - - -

Average execution times (in secondb) iter&ive deblurring
(image size: 2048 x 2048 pixels; 5 iterations).

Method 1 thread 2threads 4 threads 8 threads
CGLS 90.7 53.7 31.6 28.7
MRNSD 110.1 66.7 51.4 44.5
HyBR 105.3 55.9 44 .4 37.4
lterative
Deconvolve 3DA 641.1 i i )

Average execution times (in secondb) iferative deblurring
(image size: 112 x 240 x 240 pixels; 5 iterations).

* Decovolutiond devel oped by Nick
http://rsb.info.nih.gov/ij/plugins/fftj.ntml
A | terative Deconvolve 3D develop

http://www.optinav.com/Itefageenvolv@D.htm
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