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Research at ISSL is aimed at understanding the increasingly large role that signal systems play in the real-
world. We connect the applied design efforts with the first principle ideas of mathematics and statistics to 
enable new capabilities in image processing, computer vision, and sensor exploitation. 
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Signal System Models 

DATA LOST HERE! 
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Color Filter Array 

Color image sensor has color filter array.  Demosaicking recovers full color image. 

Intelligent Signal Systems Laboratory, Keigo Hirakawa, http://academic.udayton.edu/hirakawa 

CFA sensor data demosaicking 

zippering artifacts 

each pixel has a 
color filter requires 

interpolation 



Binning Pixels 

Example sensor data processing. Binning reduces noise but introduces aliasing artifacts. 
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Denoising And Interpolation 

Example camera processing. Same sensor observation but increased robustness to noise. 

Intelligent Signal Systems Laboratory, Keigo Hirakawa, http://academic.udayton.edu/hirakawa 

conventional processing with noise ISSL reconstruction 

photon/electron 
noise model  

(Poisson distribution) 

inaccurate noise model 
(Gaussian distribution) 

joint denoising and 
interpolation 

denoising and 
interpolation in tandem 

has limitations 

use statistical 
modeling of images 



Single Shot High Dynamic Range 

Example single shot HDR using conventional hardware.  Captures moving subjects or video. 
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Color Image Sensor 

Example image sensor design. Same number of pixels, but increased spatial resolution. 
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Multispectral Image Sensor 

Example image sensor design. Same number of pixels, but increased spatial resolution. 
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Image Display Device Design 
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Example display design. Same number of pixels, but increased spatial and color resolution. 
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Color Image Processing 

Example white balance. Statistical and signal processing approach to color science. 
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Motion Blur Detection 

Example of blur detection. Has many computer vision and surveillance applications.  
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Image Quality Assessment 

Example of image quality assessment with corrupted reference data. 
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