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Abstract - Single pixel imaging opened the door to a
cheaper camera architecture able to operate in a wide
spectral range. We propose a new acquisition strategy
for such an optical setup. Our technique obtains an im-
age in the wavelet domain with a progressive non-linear
acquisition. With a good spatial resolution, this method
based on wavelet’s compression can be used in fluores-
cence imaging to observe biological structures.

Index Terms - Image Processing, Optical Imaging

I. INTRODUCTION

The single pixel camera (SPC) architecture is the key to
building small, cheap and efficient sensors. Compared to
CCD or CMOS cameras architecture, SPC has several ad-
vantages. This imaging technique can indeed operate at
different wavelengths where building CCD or CMOS can
be expensive, it has a very good quantum efficiency and
needs few storage memory. Our goal in this paper is to
provide a new acquisition strategy for SPC acquisitions that
leads to a low cost time-resolved imaging technique. One
application of this method could be the observation of bio-
logical tissues via fluorescence imaging. In particular, the
overall framework could benefit to optical tomography for
preclinical imaging of animals [1].

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 de-
vice (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 ∈ RN×N denote the image and {pi ∈ RN×N , i = 1..I},
be the sequence of I DMD patterns. The measurements
{mi, i = 1..I} can be expressed as:

mi = 〈f ,pi〉 (1)

Then, the problem consists in retrieving f from {mi},
knowing the patterns {pi}.

In [2], the authors used compressed sensing, i.e. ran-
dom patterns, and reconstructed the image with ℓ1-
minimization. This approach is nonadaptive. In [3], the
image is reconstructed directly, i.e.

f =
∑

i

mipi (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 ℓ1-minimization that can be time consuming.
In particular, we consider to obtain {mi} from wavelet pat-
terns {pi} 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 ≤ log2 N = R. The discrete wavelet de-
composition 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 {pi}
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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