
URSI-B EMTS 2025, Bologna, 23–27 June

Enhanced resolution imaging in strongly scattering media
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Imaging in complex media is challenging as multiple scattering leads to loss of directional information and co-
herence. Unless the complex propagation medium is known, or can be accurately estimated, coherent imaging
typically fails [1]. We propose an approach that allows for imaging in such strongly scattering media by accurately
estimating the sensing matrix in the complex medium using both conventional optimization algorithms and neural
networks by exploiting large and diverse data sets [2]. An essential assumption is that a diverse data set is available
and each vector of this data set corresponds to a sparse scene. No knowledge about the sparse scene is necessary.

The proposed approach allows for high resolution images in strongly scattering media. Enhanced resolution, better
than in homogeneous media is achievable due to an effective array aperture, larger than the physical array one
arising due to the multiple scattering [3]. The stability of the imaging algorithm depends on the size of the physical
array and on the bandwidth.

Motivated by [4], which deals with weakly scattering media, we propose two different approaches to estimate the
sensing matrix from large and diverse data sets, one that relies on conventional optimization methods and one
that uses neural networks. The first approach involves three steps: (i) Get a preliminary, low quality estimate
of the columns of the sensing matrix. (ii) Apply dictionary learning, i.e. a non-convex optimization which is
initialized by the preliminary estimate and leads to an improved estimate for the columns of the sensing matrix.
(iii) Use a neighborhood based (non-metric) multidimensional scaling algorithm to order the estimated columns of
the sensing matrix. Although in most applications of dictionary learning the order of the columns is not an issue,
it is essential in imaging.

In the neural network based approach, we use an encoder-decoder architecture trained on the diverse data to get
accurate estimates of the unordered sensing matrix from multiple realizations of the trained network. This step is
then followed by a clustering step using DBSCAN. The last step is the ordering step which is the same as for the
conventional optimization approach.

The main advantage of the neural network approach is that no initialization is needed. Accuracy is gained by
generating multiple versions of the columns of the sensing matrix, followed by clustering. No elaborate fine-tuning
of the hyper-parameters of the neural network is needed. The main advantage of the conventional non-convex
optimization approach is that we have very good control of accuracy, but a good initialization is necessary.
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