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Abstract
We present the development of an original simulator to

predict interferometric out-of-focus patterns generated by
particles that can be assimilated to a wide number of
punctual Dirac emitters. This simulator allows to predict
quantitative properties of the speckle-like patterns, in
particular the dimension of the central peak of the 2D-
autocorrelation of the pattern. This parameter can then be
linked to the size and the shape of the particle projected on
the CCD sensor, in cases where there is no exact theoretical
formulation to calculate the scattered intensity. An
experimental illustration is performed with interferometric
out-of-focus images of rough NaCl salt crystals.

1 Elaboration of a simulator for complex scattering
objects

Interferometric out-of-focus imaging is a robust
technique that has important potentiality for the
characterization of droplets or bubbles [1,2]. Assuming
that a bubble or a droplet can be assimilated as an emitter
composed of two punctual Dirac sources (the so-called
“glare points” [3]), it is possible to describe any imaging
configuration in terms of optical transfer matrices, in such
a way that the characteristics of the interferometric
patterns can be linked analytically to the different
parameters of the droplets and of the imaging system [4].
The potentiality of this technique to study irregular
scattering objects exists but much has to be done in this
direction. The main difficulty is that we need first to be
able to describe the scattering properties of irregular
objects. Unfortunately, this problem has no analytical
solution in the framework of the Lorenz-Mie theory and
can not be resolved in most of the cases.

In the present study, we present the development of a
simulator to predict the interferometric out-of-focus
patterns produced by irregular objects. As the rigorous
description of the scattering properties of many complex
objects has no exact solution, we consider complex
irregular objects that can be assimilated to an ensemble Ngp

punctual Dirac emitters (which is an extension of the case
of spherical droplets where only two glare points are
necessary). Generalizing the relations developed in [4] for
spherical droplets, it is then possible to predict the speckle-
like patterns generated by such complex objects [5,6]. We
have thus developed a wide library of complex objects

(sticks, hexagons, spheres, ellipsoids, hexagonal plates…).
In each case, the object is defined by a random location of
Ngp glare points over the global form of these objects (Ngp

to be defined). Figure 1 shows some examples of objects
that we can define.

Figure 1 Examples of objects assimilated to an ensemble of Ngp

Dirac emitters randomly located over a global form.

We are then able to simulate the interferometric out-of-
focus image predicted for this object. In our simulator, the
imaging system is described by optical transfer matrices.
We can thus describe a wide variety of imaging systems.
In a first part of this communication, we propose to
present the elaboration of this simulator of interferometric
out-of-focus imaging experiments for complex objects. In a
second step, we will use this simulator to analyze the
patterns observed experimentally using irregular rough
NaCl salt crystals.

2 Example of interpretation of experimental
results with NaCl salt crystals

We have performed interferometric out-of-focus
imaging experiments. NaCl salt crystals are illuminated by
a collimated frequency-doubled Nd:YAG laser emitting 10
mJ, 4 ns pulses at 532 nm. The CCD sensor is a Marlin
camera. Out-of-focus imaging is realized with a spherical
lens. This experimental set-up is presented in figure 2.
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Figure 2 Experimental set-up

Figure 3(a) shows the typical out-of-focus image
recorded. It is a speckle-like pattern. In order to estimate,
the statistical dimension of the speck of light of this
speckle-like pattern, figure 4 shows the x-cut and y-cut of
the central peak of the 2D-autocorrelation of this speckle-
like pattern (in dotted lines) [5,6]. We can observe that the
speck of light is not circular but ellipsoidal, which traduces
a global ellipticity of the salt crystal [5,6]. Figure 3 (b)
shows the out-of-focus image predicted for an object
composed of 80 Dirac emitters randomly located over an
half-ellipsoid of dimensions 600 micrometers along x and
400 micrometers along y. These dimensions allow the best-
fitting of the x-cut (a) and y-cut (b) of the central peak of
the 2D-autocorrelation of the experimental pattern, as can
be seen on figures 4(a) and 4(b) (in plain lines). Note that
all parameters used in our simulator are those of the
experimental set-up. If the dimension of the simulated
object was smaller, the speck of light of the simulated
speckle-like pattern would be larger than in the
experimental case. Reciprocally, if the dimension of the
simulated object was bigger, the speck of light would be
smaller. In addition, this best-fitting does not depend
significantly on the number of Dirac emitters to be
considered (30, 60…) and on their exact positioning on the
global ellipsoid (if the global form of the ellipsoid is
entirely covered by the Dirac emitters) [5,6].

Figure 3 Experimental out-of-focus image of a NaCl salt particle
(a) and simulated out-of-focus image of an ensemble of 80 Dirac
emitters randomly distributed on a half-ellipsoid of dimensions
600x400 micrometers (b).

Figure 4 x-cut (a) and y-cut (b) of the central peak of the 2D-
autocorrelation of the experimental pattern presented in Fig1(a)
(dotted). x-cut (a) and y-cut (b) of the central peak of the 2D-
autocorrelation of the simulated pattern presented in Fig1(b)
(plain) (b).

In this communication, we will detail the elaboration of
our simulator, discuss its domain of validity and its
possible use for the interpretation of experimental images
recorded with irregular rough particles, and thus its
applicability for the characterization of irregular rough
particles. As the imaging system is described in our
simulator by optical transfer matrices, we will show that it
is possible to establish analytical expressions that link
characteristics of the speckle-like patterns to the
parameters of the imaging system and to the dimensions
of the rough particle under study.

3 References
[1] Glover A.R., Skippon S.M., and Boyle R.D., Interferometric laser
imaging for droplet sizing: a method for droplet-size measurement in
sparse spray systems, Applied Optics 34:8409-8421 (1995).

[2] Kawaguchi T., Akasaka Y., and Maeda M., Size measurements of
droplets and bubbles by advanced interferometric laser imaging
technique, Measurement Science and Technology 13:308-316 (2002).

[3] van de Hulst H.C., and Wang R.T., Glare points, Applied Optics
30:4755-4763 (1991).

[4] Shen H., Coëtmellec S., Gréhan G., Brunel M., ILIDS revisited:
elaboration of transfer matrix models for the description of complete
systems, Applied Optics 51:5357-5368 (2012).

[5] Brunel M., Shen H., Coëtmellec S., Gréhan G., Delobel T.,
Determination of the Size of Irregular Particles Using
Interferometric Out-of-Focus Imaging, International Journal of
Optics, 143904 (2014).

[6] Brunel M., Coëtmellec S., Gréhan G., Shen H., Interferometric
out-of-focus imaging simulator for irregular rough particles, J.
Europ. Opt. Soc.: Rap. Public. Vol. 9, 14008 (2014).

PC-8.2


