Experiments with Richardson Lucy Deconvolution

I have implemented an image deblurring algorithm in EPICS Area Detector.  I wrote C++ code and built as an  AD plugin to allow image deblurring in real time as data is taken.  The code is based on the Richardson – Lucy algorithm. Two papers were used in this implementation.

Original paper by Richardson:
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Later paper using FFT based convolution for faster calculations. I implemented this in EPICS Area Detector.
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How the algorithm is implemented:
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FFT Library:  FFTW- Fastest Fourier Transform in the West
To do FFTs in C++ I used FFTW, a free open source library for FFTs. This is a C library with source and binaries for several operating systems ( I use Windows)

Available at: http://www.fftw.org/index.html

Here is a section of image from Single CCD, taken at Sect 19. Kevex xray tube illuminates detector with layers of Al foil. I have measured the point spread function of the detector to be about 2.5 pixels FWHM in the past using pinhole mask and straight edge images.
Images are calibrated ith dark, flood, spatial correction.  For speeding up calculations small images were used.
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Raw image taken in Single CCD
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100 iterations of RL algorithm, assume PSF is 2.6 pixels Gaussian.
Artifacts occur on image edges. This can be fixed. It took about 3sec to to 100 iterations of 256x256 pixels.
epics> dbpf "MADDOG:FFT1:NDArrayFFT_fwhmX1k",2600
DBR_LONG:           2600      0xa28
epics> dbpf "MADDOG:FFT1:NDArrayFFT_niterations",100
DBR_LONG:           100       0x64
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	RAW							After Deblurring
Raw pinhole mask image- single CCD, after all corrections (dark, flood, spatial).
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	RAW						After RL Deblurring
100 iterations done above. 512x512 pixels took 10sec for 100 iterations.
Take a line cut as such
[image: ]

Results
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Raw lmage: line cut through spot – 4 pixels from 10% to 90%- roughly 2pixels PSF
[image: ]
After 100 iterations of Deblurring.- 3 pixels from 10%- 90%- roughly  1.5 pixels PSF.







Raw data:
Linecut on raw spot:
a  =
 
    0.     431.44421  
    1.     486.92377  
    2.     549.25043  
    3.     643.04089  
    4.     770.64307  
    5.     1000.3572  
    6.     1492.762   
    7.     3157.1294  
    8.     7130.3926  
    9.     12275.336  
    10.    16869.49   
    11.    20025.557  
    12.    21744.701  
    13.    22613.07   
    14.    22996.766  
    15.    23166.52   
    16.    23293.703  
    17.    23419.836  
    18.    23499.521  
    19.    23488.223  
    20.    23265.727  
    21.    22739.182  
    22.    21678.848  
    23.    19287.375  
    24.    15114.886  
    25.    9881.8457  
    26.    5472.0859  
    27.    2761.5864  
    28.    1438.6882  
    29.    884.88171  
    30.    654.24854  
    31.    535.22046  
    32.    457.96902  
    33.    402.77527  
    34.    360.29639  


Line cut on Deblurred spot
b  =
 
    0.     397.63049  
    1.     488.55273  
    2.     533.4588   
    3.     545.95074  
    4.     722.15448  
    5.     1065.5266  
    6.     926.21802  
    7.     1401.8556  
    8.     5362.8145  
    9.     13579.398  
    10.    17603.574  
    11.    19952.039  
    12.    21920.484  
    13.    22297.166  
    14.    22125.654  
    15.    22328.727  
    16.    22610.795  
    17.    22696.15   
    18.    22804.539  
    19.    22932.301  
    20.    22644.26   
    21.    22059.445  
    22.    21679.492  
    23.    20555.742  
    24.    16070.607  
    25.    8951.4873  
    26.    4075.636   
    27.    1902.9929  
    28.    1028.7571  
    29.    709.04492  
    30.    586.00543  
    31.    495.56009  
    32.    433.89319  
    33.    390.37146  
    34.    337.77112  
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Red is raw linecut, blue is deblurred line cut. PSF set to 2.6 pixels
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Closeup
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Derivative  of line cut.
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	RAW						After RL
Set PSF to 3,00 pixels, Redo 100 iterations
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Set psf to 3.0 pixels. Do again. Red is raw, blue is after RL alg, 100 iterations. Peakyness?
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Closeup. Red is RAW, blue is after RL. We had to scale blue because filter is not normalized. Software myst be fixed to normalize energy of deblurring filter. 







Compare PSF set to 2.6 and 3.0 pixles. Red is raw, blue is after RL alg.
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  RL- 2.6 pixels psf						RL 3.0 pixels PSF


Now do 1000 iterations of PSF of 3.000 pixels
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1000 iterations. 3.0psf assumed
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Red is raw, blue is 100 iters, green is 1000 iters. 
[image: ]
Closeup. 1000 versus 100 iterations is about the same.


Raw data: frp, above plots
	Raw		100it, 3.0psf	 1000iter, 3.0 psf

    0.     337.28372    0.     361.83258    0.     346.18546  
    1.     364.32727    1.     372.73785    1.     395.77228  
    2.     402.72195    2.     445.68533    2.     413.92651  
    3.     446.64996    3.     528.37073    3.     435.43732  
    4.     503.93268    4.     501.24805    4.     651.93127  
    5.     586.78729    5.     501.6416     5.     567.00232  
    6.     708.1543     6.     804.37219    6.     454.75391  
    7.     919.69702    7.     1168.0686    7.     1276.6169  
    8.     1396.032     8.     822.02515    8.     1274.7595  
    9.     2938.1816    9.     898.84021    9.     580.78333  
    10.    7031.1338    10.    3893.3203    10.    2579.0608  
    11.    12825.72     11.    15991.781    11.    18668.201  
    12.    17835.871    12.    24217.4      12.    22259.637  
    13.    21206.15     13.    23749.402    13.    21812.967  
    14.    23021.416    14.    24715.078    14.    27037.777  
    15.    23892.197    15.    26717.543    15.    25973.221  
    16.    24351.973    16.    27019.494    16.    25505.191  
    17.    24627.311    17.    26545.471    17.    27584.25   
    18.    24670.287    18.    26495.779    18.    26529.842  
    19.    24696.789    19.    26897.682    19.    26243.605  
    20.    24648.123    20.    27008.301    20.    27112.492  
    21.    24465.318    21.    26803.377    21.    26189.979  
    22.    24258.639    22.    26600.969    22.    25960.637  
    23.    23851.648    23.    26190.66     23.    26256.188  
    24.    22763.701    24.    26060.658    24.    25643.215  
    25.    20289.555    25.    25412.363    25.    25069.451  
    26.    15917.789    26.    19831.887    26.    19776.227  
    27.    10460.832    27.    10337.475    27.    9991.9316  
    28.    5762.1577    28.    4018.3965    28.    3908.9087  
    29.    2833.1641    29.    1649.795     29.    1684.9607  
    30.    1457.2682    30.    1028.3047    30.    1000.0758  
    31.    913.50122    31.    885.87122    31.    855.12549  
    32.    703.82532    32.    753.31958    32.    774.06995  
    33.    567.89062    33.    567.84552    33.    531.67413  
    34.    488.82541    34.    493.39264    34.    460.30817  
    35.    432.32913    35.    473.10413    35.    473.2807   
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Drawn image in Image J.
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Blurr the image in Image J w/ Gaussian blurr of 2 pixels STD. This is aound 4 pixels FWHM
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If we assume PSF is wider than it really is (5 pixels inthis case) , we get peaking on edges. 
We told RL alg that PSF was 5 pixels FWHM. It is actually smaller.
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We set PSF in RL alg. to 4 pixels, the correct value.
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Original blurred image					after RL alg.


To set number of iterations and PSF, we use two EPICS PVs. Currently, we assume a Gaussian PSF, and simply set sigma.
[image: ]
If we set PSF to 0.01 pixels, smaller than actual PSF, it thinks the blurry image is really the image we want. So RL does not change the image. 

T o set PSF correctly, use an image with edges. Set PSF in RL alg. such that image is deblurred but without peaking. It is akin to a critically damped filter. 
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