A wavelet-based non-linear acquisition strategy for single pixel camera acquisitions 

II. PROBLEM AND RELATED WORK

We address the problem of recovering the image of an object acquired by a SPC, problem originally formulated in [2]. This optical setup consists of a digital micromirror device (DMD) and a single photon avalanche diode (SPAD).

A DMD is composed of thousands of mirrors that can be independently tilted, hence acting as a tunable spatial filter.

A SPC acquisition consists in computing sequentially the dot product of the image and some DMD patterns. Let f ∈ R N ×N denote the image and {p i ∈ R N ×N , i = 1..I}, be the sequence of I DMD patterns. The measurements {m i , i = 1..I} can be expressed as:

m i = f , p i (1) 
Then, the problem consists in retrieving f from {m i }, knowing the patterns {p i }.

In [2], the authors used compressed sensing, i.e. random patterns, and reconstructed the image with ℓ 1minimization. This approach is nonadaptive. In [3], the image is reconstructed directly, i.e.

f = i m i p i (2)
and the image was acquired with an adaptive scheme. Some of the patterns were determined during acquisition depending on measurements already acquired. The difficulty lies not so much in recovering the image as in determining the DMD patterns.

In this paper, we consider the same type of approach since it avoids the ℓ 1 -minimization that can be time consuming. In particular, we consider to obtain {m i } from wavelet patterns {p i } using a non-linear acquisition strategy.

III. METHOD

III.1. Wavelet decomposition and pattern projection

Let j = 1..J be the scale at which the image f is observed, J being the decomposition level, with 1 ≤ J ≤ log 2 N = R. The discrete wavelet decomposition of an image with the standard dyadic wavelets separates the signal into approximation and detail coefficients (horizontal, vertical or diagonal). The approximation image results from a low-pass filtering whereas the details appear with a high-pass filtering.

Given the positive constraint of the DMD patterns, Haar's wavelet was considered. It can indeed be shown that a wavelet coefficient can be obtained from a difference of two SPC measurements [3]. In practice, the patterns {p i } given by Haar's wavelet only have 0 or 1 values and are all dilated/contracted and translated versions of one another.

III.2. Acquisition strategy

Wavelet decomposition was shown to give sparse signals, allowing one to discard many of the coefficients at the reconstruction step [4]. Hence, a sampling scheme has to be chosen to mainly acquire significant coefficients. Dai et al. [3] considered a father-children relationship which stands that a coefficient at scale j has 4 children at scale
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