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Proposed Methods

- Need widespread testing for COVID-19 - pooled or group testing for improving efficiency.

- Initial idea by Robert Dorfman in 1943 - divide individuals into groups of fixed size; if a group tests
negative, all individuals in the group are declared healthy, else proceed to individual testing.

- Compressed sensing approach to group testing:
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Research Question

Binary Noise: Model M1
- Pooling: w = Ax, where A € {0,1}™" and « € {0,1}".

- Noise: y; € {0, 1} with Pr(y; = 1jw; = 0) = 0.1% and Pr(y; = 0|w; > 0) = 2%.

- Decoding: Generalized Approximate Message Passing (GAMP) framework.
- The key is to design a denoiser giy with z; = gin (v) = E | X, | V = v|, where v is pseudo data.
- Design two denoisers - family denoiser and contact tracing denoiser.

Multiplicative Noise: Model M2

- Pooling: w = Ax, where A € {0,1}™" and « € [0, 00)".
- Noise: y = w o (14 ¢)N D where ¢ € (0,1] and ¢? < 1 are known parameters.
- Decoding: Least Absolute Shrinkage and Selection Operator (LASSO) based algorithms.

- COMP followed by group square-root LASSO for family structure.
- COMP followed by overlapping group square-root LASSO for contact tracing structure.

Experimental Results

Can group testing efficiency be improved by utilizing side information (Sl1) in the following forms?
- Family structure: nonoverlapping or overlapping.
- Contact tracing data: (i) who's in contact, (ii) physical proximity, and (iii) contact duration.

Recent Progress

- Compressed sensing formulation solved using a message-passing style algorithm [1].

- Multiplicative noise model with an end-to-end study of decoding in pooled quantitative PCR |2].

- Exploited community structure with a focus on encoder design, but did not consider noise [3, 4.
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Infection Model

- Use SEIR style dynamical infection model incorporating contact tracing Sl for data simulation.
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"Equal contributions

- Figure below shows performance of methods M1 and M2 for a population of n = 1000 individuals.
- M1: FNR & FPR < 5% for up to 6% sparsity; contact tracing data helps more than family structure.

- M2: Significant improvement using S| in decoding; allows estimation of individual viral loads.
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Conclusion and Future Directions

IEEE ICASSP 2021, Toronto

- Improved efficiency by exploiting family structure and contact tracing data — achieved ~ 5% FNR &
FPR at 4% prevalence with need for only 15% of tests required in a conventional testing scenario.

- Could incorporate Sl into encoder design and generate better sensing matrices with flexible sizes.
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