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Problem and Motivation

 Photographic images and videos are 
highly susceptible to Motion Blur due 
camera shakes

 To remove Uniform motion blur with  only
with image(s)  itself is form of Blind de-
convolution
 Algorithms are complex,
 Usually implemented in Software.
 Difficult to achieve real-time performance



Problem and Motivation cont’d..

 One to one hardware mapping from 
software to hardware must be done 
carefully.



Algorithm Development



Blur Kernel Identification

Fourier domain Radon transform 



Blur Kernel Identification cont’d…
Cepstrum domain 

extraction

Two negative peaks -blur direction and 
the blur length 

Directional Derivative 
method

Lowest value occurs at the  
direction of the blur



Blur Kernel Identification  cont’d …
 Strengths and Weaknesses

 Fourier Domain
 Difficult to obtain quantitative values

 Radon Transform
 Non iterative
 Computational complexity relatively high

 Cepstrum method 
 Non iterative
 Requires comparatively less memory
 Acceptable accuracy

 Directional Derivative method 
 Requires isotropic images
 High memory usage
 Calculation complexity is high to obtain good accuracy



Restoration Methods
Strengths and Weaknesses
 Least Mean Square filter (Wiener filter model) 

 Non iterative
 Introduces ringing effects

 Lucy Richardson algorithm
 Iterative
 Good accuracy

 Regularized inverse method (Stationary Wiener 
filter model) 
 Non iterative
 Computational cost is relatively low



Software Implementation - Detection

 Length detection error  Angle detection error
Cepstrum Method: Analysis of Errors



Blurred image Filtered image

Regularized inverse filter based method

Time: For 1280x720 frame: 
1.125 s (Core2 Duo with 4GB 
RAM at 1066MHz) 

Software Implementation - Restoration



Hardware Implementation



Blur Estimation



Levin et al.
Yitzhaky et al.



Hardware/ Software Comparison 

Software Implementation Hardware Implementation



Timing Summary

Time requirement  for processing a 1280x720  frame: 62ms
Achievable frame rate: 15fps for 1280×720 ( HD resolution)

Mean Absolute Error (MAE) compared to the Sofware based approach: 7.9



Resource Utilization Summary
Module DSP Slices Slice Registers LUTs
Estimation Module 108 16215 15923
Filter parameter 
calculation

61 16854 15258

Inverse Filtering 132 21795 26065
System 
implementation

10 6178 7793

Total 311 61042 65039

•DSP - DSP48A1 slices contains an 18 x 18 multiplier, an adder, and 
an accumulator
•LUT- contains 6-input LUT







Applications
 Recovering Blurred images from 

security cameras
 Low altitude aerial photography
 Other scientific applications



Conclusion and future work

 The system presented above is suitable 
for an ASIC implementation to be 
integrated to a hand held camera.

 Extend the system for non-uniform blur



Questions ?
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Mean Absolute Error (MAE)



Spartan-6 FPGA Feature Summary



 6295454 clock cycles, and with a 100MHz

 16384 to 2080 data values 
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