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Abstract- Fluorescence microscopy imaging is a constant
trade off between signal to noise ratio, total observation time
and spatio-temporal resolution due to photo toxicity. In this
paper, we propose a method to estimate the quality of a
fluorescent image acquisition, from a single image, taking into
account both signal dependent and signal independent noise.
We propose a method for the calculation of the signal to
noise ratio globally and locally. We validated our algorithm on
real experimental data and data with known simulated noise.
Results allow us to conclude that this fully automatic method
provides a good quantification of the image quality.

, where 8 is the signal corrected for background, V is the
estimated noise variance, and A, P and M are the variances
of the three noise components considered: additive, Poisson
and multiplicative noise, respectively. In [4], the estimation
of A was considered inaccurate and moreover bad results
were obtained when the background value was O. In addition,
the parameters fitting was done on times series of 128
images.

In general, noise estimation methods follow two different
approaches. The first is the smoothing based approach, where
the noise is estimated by the difference between the original

I. INTRODUCTION

Fluorescence Microscopy imaging is a constant trade off
between signal to noise ratio (SNR), total observation time
and spatio-temporal resolution due to photo toxicity [7]. The
purpose of our study is to provide a quantitative way of
image quality evaluation, which presents several interests.
This value can then be used to give a quantitative feedback
to the experimentalist on the quality of the image obtained
and in addition for subsequent experiments by determining
minimal requirements for automatic segmentation, or by
providing a comparison tool among several acquisitions. It
can also be used for compression [4] or for feeding a tracking
algorithm [14], [15].

Previous studies of SNR in fluorescence microscopy from
an image processing point of view can be found in [9], [14],
[15]. In all cases, either gaussian or poisson noise alone is
consider. In order to differentiate the noise components and
to give their respective levels, Bernas and co-workers [4], [5]
fitted a quadratic model of the form

II. SIGNAL AND NOISE IN FLUORESCENCE MICROSCOPY

The most common source of noise in fluorescence mi­
croscopy is the photon detection noise [9], [5], [4], also
known as shot noise or intrinsic noise [16]. Another source of
noise is the extrinsic noise. It is composed by the dark current
which follows a Poisson distribution, but also by electronics
noise and detector-readout noise, both of which follow a
Gaussian distribution, and by quantization noise which is
characterized by a uniform law [16]. Cross-talk noise may
appear by interference from other probes and in order to
reduce this noise, in this study, images were acquired using
the multi-track method, which generates multi-fluorescence
images without crosstalk of emission signals, by means of
fast switching between excitations and quasi-simultaneous
detection [1].

and the smoothed image, using any adapted noise removal
method. The second approach, so called the block-based
approach, subdivides the image in blocks, and considers the
variance of the most homogeneous blocks in the image as
an estimate of the noise. In this study, we use a combination
of both methods. We used the block-based method proposed
in [3], which is particularly efficient when additive gaussian
noise is present. We also used a smoothing based approach,
offering a good estimation of the global noise and thus of the
signal-dependent noise in the image, using discrete wavelet
transform shrinkage to remove the noisy components. A
model similar to 1 is then fitted to the estimated noise to
compute the level of signal dependant noise. These two
approaches were also proposed in [5] as two concurrent
estimations of the noise.

Tn addition, we present a statistical justification of the
model presented in [4]. We propose a way to estimate
the noise in fluorescence microscope images from a single
image, taking into account both signal dependent and signal
independent noise. Combining both approaches presented in
[5], we present a new expression of the signal to noise ratio
(SNR), for both global and local estimation. By estimating
the SNR locally, we take into account non uniform repartition
of the noise as a result of stronger signal (and thus stronger
noise) or possibly some detector faults.

In section II we discuss the different kinds and sources of
noise as listed in the literature. A method to automatically
estimate the background intensity and the global noise is
presented in section III. Section IV describes how we derive
a local SNR expression from the global SNR previously
calculated. In the section V, we describe the data used to
evaluate the performance of our noise estimation method.
Finally, our results are summarized in Section VI.

(1)v == A + P 8 + A182
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