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Abstract

Snapshot compressive imaging (SCI) aims to record
three-dimensional signals via a two-dimensional camera.
For the sake of building a fast and accurate SCI recov-
ery algorithm, we incorporate the interpretability of model-
based methods and the speed of learning-based ones and
present a novel dense deep unfolding network (DUN) with
3D-CNN prior for SCI, where each phase is unrolled from
an iteration of Half-Quadratic Splitting (HQS). To better
exploit the spatial-temporal correlation among frames and
address the problem of information loss between adjacent
phases in existing DUNs, we propose to adopt the 3D-CNN
prior in our proximal mapping module and develop a novel
dense feature map (DFM) strategy, respectively. Besides,
in order to promote network robustness, we further pro-
pose a dense feature map adaption (DFMA) module to al-
low inter-phase information to fuse adaptively. All the pa-
rameters are learned in an end-to-end fashion. Extensive
experiments on simulation data and real data verify the su-
periority of our method. The source code is available at
https://github.com/jianzhangcs/SCI3D.

1. Introduction

As a major branch of compressive sensing (CS) [7, 45,

], snapshot compressive imaging (SCI) develops for the
aim of capturing high dimensional signals such as video
[21] or spectral data [33]. Incorporating additional hard-
ware components in the imaging system, SCI samples con-
secutive video frames or spectral channels and integrates
sampled data to get compressed measurements. Then origi-
nal sampled signals will be reconstructed from such mea-
surements through various algorithms. Building encoder
and decoder in a hardware plus software fashion, limita-
tion on recording high dimensional signals in terms of band-
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width and memory have been overcome by a large margin.
In this paper, we concentrate on video SCIL.

Taking measurements comprising information on sam-
pled signals and the sensing matrix as input, SCI recov-
ery algorithms focus on how to solve an ill-posed inverse
problem mathematically. Conventional methods employ
prior knowledge of image or video as regularizers and solve
such a sparsity-regularized optimization problem iteratively
[41, 38, 24, 29]. Though superior in convergence and theo-
retical analysis, these algorithms tend to have complex com-
putation, and it is quite difficult to select appropriate pri-
ors, which restricts the practical application of these meth-
ods. Thanks to the vigorous development of deep learning,
several SCI reconstruction methods based on convolutional
neural networks (CNN) have been proposed in recent years,
which prefer to learn a direct mapping from measurements
to sampled frames [5, 23, 9, 25, 11, 39, 42]. Compared to
traditional ones, learning-based methods can achieve more
decent results while lacking interpretability.

Combining the merits of both model-based and learning-
based methods, we design a dense deep unfolding network
with 3D-CNN prior by unrolling Half-Quadratic Splitting
[8] into a deep network for optimizing the SCI recovery
problem. As depicted in Fig. 1, each iteration of HQS
is mapped to a phase of our proposed network. Unlike
previous learning-based methods that construct 2D-CNN
to model images, we design an effective 3D-CNN that is
more suitable to exploit spatial-temporal correlation be-
tween frames. Besides, to decrease the information loss
between neighboring phases in deep unrolling networks
(DUN) caused by up-sampling and down-sampling in chan-
nel dimension, we propose to fuse corresponding dense fea-
ture map of adjacent phases. Moreover, to make informa-
tion selectively transmitted through phases, we propose a
dense feature map adaption module. Our contribution can
be summarized as below:

* We build a novel dense deep unfolding network with
3D-CNN prior for SCI recovery. Our method achieves
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