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Abstract

Proper sampling of the spatio-temporal field induced by a source and its recovery from the limited and discrete samples of the sensor network are two
important steps in environmental monitoring of the diffusion thermal field. Sampling by sensor networks has limitations: 1) limitation in the number of
sensing nodes, which limits the spatial resolution. 2) battery life of the sensor node, which limits the power consumption and temporal sampling rate.
Compressive Sensing (CS) is a traditional method to overcome sampling problems of sensor networks, while an efficient scheme is required to recover
the field from the samples. In this paper, Diffusive Compressive Sensing (DCS) is proposed to use Partial Differential Equations (PDE) constraint to
model the inherent structure of the spatio-temporal field as side information in the compressive sensing problem. According to the method of estimating
the time derivative parameter in the PDE at each moment, the DCS-I and DCS-II methods are presented. Also, to better model the dependence between
time frames, Kronecker Diffusive Compressive Sensing (KDCS) is proposed in which the structured sensing matrix designed using the Kronecker
product. Simulation results indicate that the proposed KDCS method outperforms existing methods.
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Introduction

Recently, Compressed Sensing (CS) is used for addressing the problem of inverse source problems. However, these works assume sufficient amount of
field samples are accessible. But empirical validations indicate that the sensing matrix can have a large condition number and thus is very sensitive
towards noise. Moreover, if the bounds for sampling densities have not met, the performance of algorithm degrades significantly. Therefore, it is
desirable to design algorithms that can reconstruct the field more accurately and more robustly in the presence of noise with minimum number of
measurements using the same hardware to increase the sampling resolution of sensor network. We propose to address these challenges by means of
Diffusive Compressive Sensing (DCS) when dealing with 3D diffusion fields. Our framework can be helpful to improve the performance of WSN’s in
the above and similar applications where the source of interest is a diffusion field.

Proposed Work and Methodology (including comprision, simulation/experimental results and discusion)

First, we employ Compressed Sensing to explore the sparsity of the samples in some representation domain. Second, we employ diffusion equation
constraint to explore the inherent structure of the temperature samples over space. Since many sparse sources, including diffusion fields, posses
additional structure, our goal is to incorporate spatiotemporal correlation of diffusive fields into CS recovery procedure to provide an efficient sampling
scheme for these sources. Two variant of DCS called DCS-I and DCS-II are proposed. Third, to better model the dependence between time frames,
Kronecker Diffusive Compressive Sensing (KDCS) is proposed in which the structured sensing matrix designed using the Kronecker product.
Simulation results indicate that the proposed KDCS method outperforms existing methods.

Conclusion

In this paper, we developed an efficient sampling and reconstruction scheme for 3D sources obtained through sensor networks by extending diffusive
compressed sensing. First, we decomposed the 3D source into 2D frames and then extended diffusive compressed sensing to handle non-homogeneity
to reconstruct each frame. To merge the 2D frames, we proposed an alternating approach to exploit temporal dependencies. Finally, structured sensing
matrix designed using the Kronecker product. Experiments demonstrate that despite using less samples, our approach considerably outperforms classic
CS and can improve performance of WSN’s.
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