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Motivation

Whatis imagedeblurring?

In applicationssuchas astronomy,medicine,physicsandbiology,

scientistsuse digitalimagesto recordand analyzeresultsfrom

experiments. Environmentaleffectsandimperfectionsin theimaging

systemcancausetherecordedimagesto bedegradedbyblurring

andnoise. Imagedeblurring(or deconvolution)is the processof

reconstructingthetrueimagefromthedegradedone. Parallel Spectral DeconvolutionPlugin

Parallel Iterative Deconvolution Plugin

Benchmarks

ÅImageJ plugin for spectral deblurring.

ÅMultithreaded implementation (uses JTransforms and Parallel Colt).

ÅGeneralized Tikhonov, Tikhonov and TSVD image deblurring.

ÅReflexive and periodic boundary conditions.

ÅSingle and double precision.

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

ÅAutomatic choice of regularization parameter (based on Generalized Cross-Validation).

ÅVery fast update option (deblur the same image with different value of regularization parameter).

Computationalproblem

b = Ax + e

Herevectorb representsthe blurredimage,A is a matrixthat

containsinformationabouttheblur,e is additivenoise,andx is the

unknownimage(thereconstructedimagethatwewantto find). The

matrixA isdefinedbythePointSpreadFunction(PSF)ïi.e., image

ofñpointsourceòobjects. A isverylarge(e.g., fora256x 256image,

A is2562 x2562).

Spectralvs. iterativedeblurring

Spectral methods:

ÅWiener filter, Tikhonov regularization, TSVD, etc.

ÅCan only be used for spatially invariant blur.

ÅNonnegativity constraints cannot be imposed.

ÅCan be implemented efficiently using fast Fourier transform (FFT),  

discrete cosine transform (DCT) or discrete sine transform  (DST). 

Iterative methods:

ÅRichardson-Lucy, CGLS, MRNSD, HyBR, DAMAS, etc.

ÅCan be used for spatially variant blur.

ÅComputationally more expensive than spectral methods.

ÅNonnegativity constraints can be imposed.

ÅHard to incorporate regularization and determine appropriate  

stopping iteration.

Computationalkernelsfor imagedeblurring

ÅFast Fourier transform (FFT).

ÅDiscrete cosine and sine transforms (DCT, DST).

ÅSingular Value Decomposition (SVD).

ÅElementwiseoperations on vectors and matrices:

Åaddition, multiplication, etc.

Ånorm, sum, dot product, etc.

Åmin/max element

ÅWe developed efficient implementations in Java:

ÅJTransforms

ÅParallel Colt

Astronaut image (4096 x 4096 pixels) Head MRI image (128 x 256 x 256 pixels)

ImageJ

ÅAn image processing program written in Java by Wayne Rasbandat the U.S. National Institutes of Health.

ÅSupports 8-bit grayscale or indexed color, 16-bit unsigned integer, 32-bit floating-point and RGB color images.  

ÅRuns on Linux, Mac OS 9, Mac OS X, Windows, and the Sharp ZaurusPDA.

ÅHas a large and knowledgeable worldwide user community.

ÅHas a pluggable architecture. More than 300 plugins are available.

ÅSupports macros that can be used to automate task and create custom tools.

true image blurred image restored image

ÅImageJ plugin for iterative deblurring

ÅMultithreaded implementation (uses JTransforms and Parallel Colt).

ÅMRNSD, CGLS and HyBR image deblurring.

ÅSpatially invariant as well as spatially variant blurs.

ÅFFT-based preconditioner with auto tolerance (based on Generalized Cross-Validation).

ÅReflexive, periodic and zero boundary conditions.

ÅSingle and double precision.

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

Grain image (256 x 256 pixels) Head renderings image (16 x 206 x 218 pixels)

true image blurred image restored image true image blurred image restored image

Method 1 thread 2 threads 4 threads 8 threads

Tikhonov (FFT)
16.3 

(54.3)

12.1 

(37.8)

10.9 

(28.8)

10.6 

(27.8)

Tikhonov (DCT)
14.8 

(53.3)

9.1 

(32.5)

6.7 

(23.7)

6.1

(22.4)

DeconvolutionJ* 181.7 - - -

Average execution times (in seconds) for 2-D spectral deblurring 

(numbers in brackets include the computation of the regularization 

parameter; image size: 4096 x 4096 pixels).

Parallel Spectral Deconvolution Plugin

Method 1 thread 2 threads 4 threads 8 threads

Tikhonov (FFT)
9.2 

(27.8)

7.3 

(18.7)

7.0 

(15.6)

6.7 

(14.4)

Tikhonov (DCT)
6.2 

(25.6)

3.9 

(14.9)

2.4 

(10.3)

2.0

(9.7)

DeconvolutionJ* 31.6 - - -

Average execution times (in seconds) for 3-D spectral deblurring 

(numbers in brackets include the computation of the regularization 

parameter; image size: 128 x 256 x 256 pixels).

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

Iterative 

Deconvolve 3DÀ
177.6 - - -

Parallel Iterative Deconvolution Plugin

Average execution times (in seconds) for 3-D iterative deblurring 

(image size: 112 x 240 x 240 pixels; 5 iterations).

Average execution times (in seconds) for 2-D iterative deblurring 

(image size: 2048 x 2048 pixels; 5 iterations).

Method 1 thread 2 threads 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

Iterative 

Deconvolve 3DÀ
641.1 - - -

true image blurred image restored image

*  DecovolutionJ developed by Nick Linnenbr¿gger  

http://rsb.info.nih.gov/ij/plugins/fftj.html

À  Iterative Deconvolve 3D developed by Bob Dougherty   

http://www.optinav.com/Iterative-Deconvolve-3D.htm


