
 

Incorporating Prior Information in Signal Processing for Novel Integrated Circuits 
 

One key challenge to signal processing for application-specific integrated circuits (ASICs) 
is utilizing prior information to improve data acquisition. Prior information is usually analyzed 
off-chip, limiting opportunities for signal processing to inform data acquisition. The proposed 
research develops modern signal processing techniques using prior information for concrete 
applications in the design of ASICs. As a specific example of this theme, we propose to develop 
range finding algorithms that couple Bayesian prior information with image denoising for novel 
optoelectronic sensors. The algorithms will be embedded alongside these sensors and signal 
acquisition circuits for real-time image processing. 

My graduate research focuses on bridging the gap between advanced signal processing 
theory and the practical considerations of designing and fabricating ASICs. Currently, I am 
researching network interference alignment algorithms to minimize signal interference in 
wireless transmissions. This will influence the design of radio frequency integrated circuit 
transceivers that employ these algorithms for maximum spectral efficiency over a channel. This 
is one example of how signal-processing theory can improve integrated circuit design for 
specific applications. To illustrate in detail the type of proposed graduate research the NSF 
Graduate Research Fellowship would support, we present the following specific application of 
image processing using prior information for range finding with novel optoelectronic sensors.  

Recently, Dr. Alyosha Molnar’s group at Cornell designed a new class of light sensor, the 
Angle Sensitive Pixel (ASP) (7.5 𝜇𝑚) that captures both light intensity and incidence angle by 
using pairs of diffraction gratings above a photodiode to exploit the Talbot effect3. Arrays of 
ASPs in complementary metal-oxide-semiconductor (CMOS) technology form image sensors 
that have applications in light-field imaging and fluorescent imaging and localization. 

One main application of ASP sensors is the ability to range find or measure depths of 
objects present in an image. Let P   ∝    cos(βθ)  and Q   ∝    sin βθ    represent complementary 
responses of image intensity recorded by ASPs, where β is angular frequency and θ is the 
incidence angle of reflected light from the object. We can then recover the depth k at any given 
location in the image by calculating the following: 
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where taking the derivative with respect to Δx  is the local difference in adjacent sensor 
responses. However, these measurements are typically noisy and not robust with respect to 
optical issues of specular reflection and low illumination. Thus new methods are needed for 
efficient range finding.  

The proposed algorithm development improves these range finding measurements by 
coupling a denoising method known as total variation regularization with Bayesian prior 
information of the statistical confidence for each depth measurement. Total variation 
regularization2 is an image denoising method that minimizes the following expression: 
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where   𝑢!:  ℝ! →   ℝ is the original image. Here, the first term corresponds to least-squares 
minimization and the second term with parameter λ  minimizes the 𝑙!-norm of the gradient. This 
second term helps preserve sharp edges in the gradient that are typically object boundaries while 
leveling out small fluctuations caused by high frequency noise. This minimization is a convex 
optimization problem and many duality-based algorithms are proposed in the literature1. The 
resulting solution is a denoised image whose object’s edges and boundaries are preserved, an 
advantage over traditional low-pass filter methods.  

In range finding, we also have prior information in Bayesian estimates of the variance of 
depth measurements. We can derive that the variance is inversely proportional to the contrast at 
that image location. High contrast yields low variance in our range measurements, and therefore, 
higher statistical confidence. We modify the least-squares term in total variation regularization 
by a weighted penalty function p(x, y) representing image contrast, thus coupling Bayesian prior 
information with the denoising algorithm. One challenge is maintaining the edge preservation 
property of total variation regularization with the addition of Bayesian priors. The resulting 
algorithm will yield improved range finding measurements with statistical confidences that are 
robust with respect to noise.  

Further, this algorithm can be integrated with ASP chips to perform embedded convex 
optimization, thus directly influencing data acquisition. For example, the algorithm can 
determine pixel locations on the array where current depth measurements have low statistical 
confidence, and then adjust resetting voltages to sample these photodiodes more frequently, 
yielding more depth measurements. We can select only photodiodes that encode crucial features 
of the scene, giving us efficient data compression. Implementing the algorithm in hardware will 
decrease computational running time, and enable real-time signal processing such as range 
finding and tracking moving objects with statistical confidence in our measurements. This results 
in ASP imaging systems that not only extract important visual information from a scene in real-
time, but also do so with statistical confidence and efficient data compression, technology that 
can revolutionize current object tracking and detection systems.  

The broader impacts of my graduate research include continuing to disseminate the 
results in journal papers and at scientific conferences (See Previous Research). Such research 
enables further collaboration between the signal processing and integrated circuits communities, 
a key goal of my graduate career. I am also interested in teaching and educational outreach 
activities as part of the Cornell CATALYST Academy for high school students interested in 
engineering (see Personal Essay for teaching philosophy). This research can be vertically 
integrated to include undergraduate and high school students in data acquisition and testing of 
custom integrated circuits fabricated. The proposed benefit to society is creating transformative 
integrated circuit systems for object tracking and range finding in real time.  
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