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The research problem

Sparse regression is an area of significant interest in statistics, machine learning, data science and signal processing.
Here we are given a linear system of equations where the number of knowns is less than the number of unknowns.
Typically, there is no unique solution to such a problem. However a unique solution exists if the vector of unknowns is
sparse and if the matrix of coefficients (called the sensing matrix) obeys the property that its nullspace contains no
sparse vector apart from the zero vector. There are efficient techniques such as the LASSO which determine a
solution to such a system of equations. The LASSO solutions have rigorous theoretical bounds for the squared error
of the estimate [3]. However in order to produce any statistical confidence intervals for the individual elements of the
unknown vector, one needs to include an additional procedure called LASSO Debiasing [1,2], which has been mostly
developed for Gaussian noise in the known values. This PhD project seeks to examine novel properties of the
debiased LASSO estimator for different noise models, using techniques from the theory of bootstrapping in statistics.
The merit of this approach is to be able to generalize the theory to a variety of realistic noise models - for example,
Poisson noise in imaging and lognormal noise in RT-PCR (real time polymerase chain reaction) testing. The project
will also aim to examine different applications of LASSO debiasing such as in medical image reconstruction from
noisy and undersampled measurements.

[1] Javanmard and Montanari, Confidence Intervals and Hypothesis Testing for High-Dimensional Regression, JMLR
2014

[2] Shuvayan Banerjee, Radhendushka Srivastava, James Saunderson and Ajit Rajwade, Robust Non-adaptive
Group Testing under Errors in Group Membership Specifications, https://arxiv.org/pdf/2409.05345

[3] Hastie, Tibshirani, Wainwright, Statistical Learning with Sparsity: the LASSO and Generalizations, CRC press,
https://dl.acm.org/doi/10.5555/2834535

[4] Hoppe et al, Imaging with Confidence: Uncertainty Quantification for High-Dimensional Undersampled MR Images,
ECCV 2024

[5] Shuvayan Banerjee, Sudhansh Peddabomma, Radhendushka Srivastava, James Saunderson and Ajit Rajwade,
"ldentification and Correction of Permutation Errors in Compressed Sensing Based Group Testing", ICASSP 2025

Project aims

Algorithm development
Theoretical/statistical analysis of the proposed algorithms

What is expected of the student when at IITB and when at Monash?

The student is expected to work on algorithmic development as well as theoretical/statistical analysis. The student is
also expected to perform numerical simulations to support the theory.

Expected outcomes

Research papers in prestigious peer-reviewed journals and conferences
Algorithms and programs
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https://dl.acm.org/doi/10.5555/2834535

How will the project address the Goals of the above Themes?

The project seeks to discover new theory in the area of sparse regression with interesting applications. The project
lies at the intersection of computer science, data science, optimization and statistics. These are well in tune with the
theme of Al and Advanced Computational Modelling.

Potential RPCs from IITB and Monash

Nikhil Karamchandani, Department of EE, [ITB
Debraj Das, Department of Mathematics, 1ITB
Emanuele Viterbo, Department of Electrical and Computer Systems Engineering, Monash
Mehrtash Harandi, Department of Electrical and Computer Systems Engineering, Monash

Capabilities and Degrees Required

Strong mathematical skills, good grasp of concepts in probability, statistical and linear algebra
Good numerical programming skills (C/C++ or MATLAB or

Potential Collaborators

Faculty members from the departments of computer science, electrical engineering, or mathematics/statistics from 1ITB and Monash.

Keywords relating to this project to make it easier for the students to apply.

sparse regression, debiasing, compressed sensing, statistics, signal processing, data
science, Al and ML
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