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(57) ABSTRACT 

Adevice for determining the values of at least one parameter 
of particles, especially of Water droplets. 

The device (1) comprises a measuring element (2) compris 
ing a measuring region (ZM) Which is intended to accom 
modate the particles, illumination means (M1) capable of 
illuminating the measuring region (ZM) by means of a light 
beam (7B), image acquisition means comprising at least one 
camera (3) capable of acquiring at least one image of the 
measuring region (ZM) illuminated by said illumination 
means (M1), and processing means (4) capable of determin 
ing the values of the parameter, from the image acquired by 
the camera The illumination means (M1) are constituted 
so as to produce point illumination, using a light beam (7B), 
the light rays of Which are focused on an objective optic 
(12B) of the image acquisition means. 
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DEVICE FOR DETERMINING THE VALUES OF AT 
LEAST ONE PARAMETER OF PARTICLES, IN 

PARTICULAR WATER DROPLETS 

[0001] The present invention relates to a device for deter 
mining the values of at least one parameter, especially the 
siZe, of particles such as Water droplets. 

[0002] Although not exclusively, said device is applicable 
more particularly to the detection and to the characteriZation 
of icing conditions on aircraft, especially civil transport 
airplanes, by making it possible to measure the siZe and the 
number of Water droplets present in particular in the clouds 
and the fogs through Which an aircraft passes. 

[0003] It is knoWn that the problem of rapid formation of 
ice on an aircraft is a serious problem Which may lead to 
accidents When it occurs suddenly and When it could not be 
detected in time. 

[0004] By means of documents US. Pat. No. 5,484,121, 
EP-0 405 625 and GB-2 158 939, devices are knoWn for 
detecting the presence of ice on the eXternal parts of an 
aircraft, especially the Wings, once this ice is formed. These 
devices use, to this end, light beams and involve the re?ec 
tion of these light beams in order to detect the presence of 
ice. If necessary, a signal is emitted in order to inform the 
pilot that it is necessary to activate a deicing device. 

[0005] These knoWn devices especially have the draWback 
of Warning the pilot only When the ice is already formed. 
Therefore they do not alloW the phenomenon of ice forma 
tion to be anticipated so that decisions suited to the climatic 
conditions can be taken before a problem appears. 

[0006] Other devices are knoWn for characteriZing icing 
conditions, especially during development or test ?ights. It 
is knoWn that, during development ?ights, it must be dem 
onstrated that the conditions encountered comply properly 
With the regulatory requirements decreed by the certi?cation 
authorities, Which then validates the behavior of the airplane 
under such conditions. 

[0007] The knoWn devices, used to this end, are generally 
intended to determine the particle siZe distribution of clouds, 
that is to say the siZe, the number and the shape of the Water 
droplets present in these clouds, and they can be classi?ed 
in tWo categories: 

[0008] particle counters Which determine the charac 
teristics of each particle, taken individually; and 

[0009] integrators Which sum the contributions from 
all the particles present in a measuring volume. 

[0010] These knoWn devices may also be classi?ed 
according to their measurement principle, namely in par 
ticular: 

[0011] imaging or shadoWgraphy, 

[0012] the Doppler effect, or 

[0013] light scattering (measurement along given 
angles). 

[0014] By Way of illustration, it is possible to mention 
some eXamples of knoWn devices implementing imaging 
and shadoWgraphy principles and acting, for eXample, as 
particle counters. 
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[0015] Firstly, a device Which is knoWn by the term 
“Optical Array Probe” implements, in a standard manner, the 
principle called linear array shadoWgraphy. In this case, a 
particle passing through a collimated light beam produces a 
shadoW directly related to its diameter on a linear array of 
detectors spaced apart at equal intervals. When there is no 
particle in the measuring volume in question, the light beam 
illuminates all the detectors. On the other hand, When a 
particle passes through said measuring volume, a loss of 
light due to scattering, refraction and absorption of the 
particle generates a signal at the output of the detectors. The 
number of detectors shoWing a variation in amplitude of 
more than a speci?c threshold (for eXample 50%) is summed 
in order that the siZe of the particle is given directly. 
HoWever, this knoWn device has a limited measurement 
range and is not able to measure particles accurately, if their 
diameter is less than 100 pm. 

[0016] Secondly, a device Which is knoWn by the term 
“Cloud Particle Imager” generates tWo laser beams. The 
intersection of these tWo lasers beams de?nes a rectangular 
sampling area. Any particle Which passes through this rect 
angular sampling area is properly focused and actuates 
illumination by an imaging laser, for the purpose of acquir 
ing an image. Detectors are placed facing the laser beams: 
they make it possible to detect the passage of particles by 
measuring the decrease in intensity produced as these par 
ticles pass through. The diameter of the particles is measured 
from the image of the properly focused particle. HoWever, 
this knoWn device is bulky and has too large a volume to 
improve the operational dif?culties stated above and linked 
to the devices currently used in in-?ight testing. 

[0017] Thirdly, a measuring device is knoWn by document 
FR-2 689 247, in particular comprising: 

[0018] a rod comprising a measuring region Which is 
intended to accommodate the particles to be ana 
lyZed; 

[0019] illumination means capable of illuminating 
said measuring region, using at least one laser beam; 

[0020] image acquisition means capable of acquiring 
images of said measuring region illuminated by said 
illumination means; and 

[0021] processing means capable of determining the 
values of said parameter, from said images. 

[0022] More speci?cally, the latter knoWn device emits a 
pulsed light beam that is transported by optical ?ber and 
Which is focused onto the measuring region. The image is 
also transported by optical ?ber up to a beam splitter Which 
divides and orients the beam toWard the image acquisition 
means comprising tWo “CCD”-type sensors. A?rst image is 
recorded along a particular sighting aXis on one of the 
sensors. After a very short time, a second image is recorded 
along the same sighting aXis on the other sensor. On sub 
tracting these tWo images, a dark/light doublet is obtained 
Which stands out Well against the uniform background, from 
Which it is possible to deduce the siZe and the velocity of the 
imaged particles. This knoWn device makes it possible to 
remove the majority of background defects. This is because 
the image acquisition means With a double sensor behave 
like a double shutter and only see the ?eld for tWo very short 
periods of time. 
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[0023] However, this known device has a small measuring 
volume. It is known that the measuring volume analyzed per 
second is equal to the measuring volume associated with 
each image, multiplied by the image rate of the image 
acquisition means. 

[0024] As to the measuring volume associated with each 
image, this is related to the siZe of the sensor (divided by the 
magni?cation) and to the depth of ?eld. 

[0025] Consequently, in particular because of its small 
measuring volume, the known device disclosed by docu 
ment FR-2 689 247 is not suitable for the applications 
envisaged in the present invention, relating to the measure 
ment of water droplet parameters since, especially because 
of the often relatively low concentrations of water droplets 
present in the clouds analyZed during tests, a large measur 
ing volume is needed for such an application. 

[0026] It will be noted, moreover, that the various known 
devices comprise various drawbacks which are problematic 
for the aforementioned preferred application. This is 
because the known devices are, in general, poorly adapted to 
the envisaged meteorological and operational constraints, in 
particular because of the following dif?culties, namely a 
long and dif?cult installation in an aircraft, a very large bulk, 
dif?cult exploitation of the results, etc. Furthermore, the 
majority of these known devices have a range for measuring 
of the siZe of the droplets which is small, and especially are 
not able to detect and analyZe, at the same time, the small 
droplets and the large supercooled droplets (water at a 
temperature less than 0° C.) which, as is known, promote the 
appearance of ice. 

[0027] The present invention relates to a device for deter 
mining the values of at least one parameter, especially the 
siZe, of particles, in particular of water droplets, which 
makes it possible to overcome the aforementioned draw 
backs and which especially comprises an increased measur 
ing volume. 

[0028] To this end, according to the invention, said device 
of the type comprising: 

[0029] a measuring element comprising a measuring 
region which is intended to accommodate the par 
ticles; 

[0030] illumination means capable of illuminating 
said measuring region; 

[0031] image acquisition means comprising at least 
one camera capable of acquiring at least one image 
of said measuring region illuminated by said illumi 
nation means; and 

[0032] processing means capable of determining the 
values of said parameter, from said image acquired 
by the camera, is noteworthy in that said illumination 
means are constituted so as to produce a point 

illumination source using a light beam, the light rays 
of which are focused on an objective optic of the 
image acquisition means. 

[0033] Thus, by means of this point illumination, the 
contrast (on the image or images acquired) of the shadow of 
the particles located in the measuring region is increased. 
This increase in contrast leads to an improved observability 
of the particles at the expense of focus and therefore an 
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increase in the depth of ?eld, since the image remains 
observable for higher defocused values. This increase in 
depth of ?eld itself leads to an increase in the measuring 
volume which, as indicated above, depends on the siZe of the 
sensor and on the depth of ?eld. 

[0034] In a preferred embodiment, in order to produce said 
point illumination, said illumination means comprise at least 
one optical assembly comprising: 

[0035] a light source, preferably a laser source, 
capable of generating a light beam; 

[0036] an optical ?ber connected by a ?rst end to said 
light source and capable of transmitting a light beam 
generated by the latter; and 

[0037] a ?eld optic ?tted to a second end opposite 
said ?rst end of said optical ?ber and focusing the 
light beam emerging from said optical ?ber onto the 
center of the objective optic of the camera of said 
image acquisition means. 

[0038] Preferably, said optical ?ber is a monomode ?ber, 
that is to say a ?ber which, by construction, makes it 
possible to transmit only a single mode of a laser beam. This 
makes it possible to prevent the appearance of unwanted 
noise. 

[0039] Furthermore, in order to yet further increase the 
measuring volume, in an advantageous manner: 

[0040] said illumination means comprise a light 
source generating a coherent light beam, which 
makes it possible to increase the aforementioned 
contrast; and/or 

[0041] a camera is used which has a high image 
acquisition rate; and/or 

[0042] said camera comprises means which open the 
latter in order to acquire an image, said illumination 
means produce illumination in the form of light 
?ashes, and are controlled so as to emit at least two 
light ?ashes during one and the same opening of the 
camera on acquiring an image. Thus, the measuring 
volume which is observed during the camera open 
ing period is increased. 

[0043] In order to implement the last characteristic, pref 
erably, said illumination means comprise a pulsed laser with 
a saturable absorber in order to emit said light ?ashes, that 
is to say a laser making it possible to emit light ?ashes of 
very short durations. This makes it possible to compensate 
for the How velocity of the particles. In effect, the light ?ash 
freeZes the particles. 

[0044] Moreover, in order to increase the siZe range of 
measured particles, especially of water droplets, in an 
advantageous manner, said illumination means are consti 
tuted so as to emit in a sequential manner at least two light 
beams dedicated to measuring different diameters. 

[0045] In order to do this, in a preferred embodiment, said 
illumination means comprise two laser sources associated 
with optics of different magni?cations respectively, and said 
image acquisition means comprise a single camera and 
optical means making it possible to direct the two laser 
beams emitted by said two laser sources, onto said camera. 
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[0046] In order to yet further increase the measurement 
range, said processing means are constituted so as to deter 
mine said parameter by shadoWgraphy. 

[0047] Moreover, advantageously, said illumination 
means are constituted so as to emit tWo light ?ashes spaced 
apart by a predetermined duration, said camera is constituted 
so as to acquire an image on emission of each of said light 
?ashes, and said processing means are constituted so as to 
determine, as a parameter, the velocity vector of said par 
ticles, from the superposition of tWo images relating to said 
tWo light ?ashes and from said predetermined duration. 

[0048] To this end, said illumination means preferably 
comprise a light source and an optical ?ber Which is con 
nected to said light source. 

[0049] In addition, advantageously, the device according 
to the invention further comprises: 

[0050] an interference ?lter Which is ?tted to the 
entrance of said camera, in order to ?lter out the 
unWanted light Which might reach the camera; and/or 

[0051] an antire?ection treatment in order to prevent 
interference; and/or 

[0052] a measuring region Which is delimited by at 
least one WindoW; and/or 

[0053] means to bloW air, preferably ?ltered air, over 
the external face of said WindoW, Which prevents the 
appearance of dirt on said WindoW. 

[0054] In a preferred embodiment, said measuring element 
is a rod provided With a through opening, preferably oblong, 
at a ?rst of its ends, said through opening containing said 
measuring region. 
[0055] In addition, advantageously, the device according 
to the invention also comprises a protection speci?ed beloW, 
Which protects the entire said device, except. for at least said 
?rst end of the rod Which is itself placed directly into the 
environment containing said particles, against said particles 
Which are generally moving. 

[0056] In addition, advantageously, at least said ?rst end 
of the rod is electrically insulated so as to make the device 
according to the invention unattractive to lightning, for 
example, if said device is ?tted onto an aircraft, as speci?ed 
beloW. 

[0057] Moreover, it Will be noted that the device according 
to the invention is particularly Well suited to provide certi 
?cation authorities With reliable quality information on the 
conditions encountered by an aircraft during in-?ight tests. 
Of course, there may be other possibilities of use thereof, 
such as the certi?cation of helicopters during stationary 
?ights, the veri?cation of conditions produced in icing Wind 
tunnels, measurements on the ground during poor conditions 
of visibility (fog, etc.), etc. 

[0058] Another bene?cial application relates to the pre 
vention and anticipation of icing conditions on an aircraft. 
Speci?cally, as indicated above, the majority of existing 
devices only Warn the pilot once the ice is established on the 
sensitive regions of the aircraft. In contrast, the understand 
ing of the conditions Which lead to the formation of ice by 
studying droplets Which form the cloud, combined With 
temperature information, makes it possible to anticipate this 
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ice formation. Thus, by means of a device according to the 
invention Which makes it possible to study Water droplets 
over the Whole measurement range involved, it is possible to 
Warn the pilot of the probable formation of ice before the 
latter is formed on the sensitive regions of the aircraft. 

[0059] The present invention also relates to an aircraft, in 
particular a civil transport airplane, Which is noteWorthy in 
that it comprises a device as mentioned above, for deter 
mining the values of said parameter of Water droplets 
present outside said aircraft. 

[0060] Advantageously, said aircraft further comprises a 
sleeve: 

[0061] Which is ?tted into the fuselage of the aircraft 
so as to create a through opening; 

[0062] Which has a diameter adapted to the diameter 
of the aforementioned rod of the device according to 
the invention such that the latter can be ?tted in a 
sealed manner in said sleeve; and 

[0063] Which is capable of being closed in a sealed 
manner, in the absence of said rod. 

[0064] Thus the device according to the invention can be 
mounted and dismantled easily and quickly. In addition, the 
aerodynamics of the aircraft are only slightly altered. 

[0065] The ?gures of the appended draWing Will make it 
easy to understand hoW the invention may be produced. In 
these ?gures, identical references denote similar elements. 

[0066] FIG. 1 illustrates schematically a device according 
to the invention. 

[0067] FIG. 2 is an optical diagram making it possible to 
illustrate the principle of operation of the device according 
to the invention. 

[0068] FIGS. 3 and 5 are schematic lateral and bottom 
vieWs, respectively, of a preferred embodiment of the device 
according to the invention. 

[0069] 
FIG. 3. 

[0070] FIG. 6 illustrates schematically a particular 
embodiment of the invention. 

[0071] FIGS. 7 and 8 partially shoW a fuselage of an 
aircraft intended to accommodate a device according to the 
invention, in the presence and in the absence, respectively, 
of such a device. 

FIG. 4 is a schematic section along line IV-IV of 

[0072] The device 1 according to the invention is intended 
to determine at least one parameter, such as the siZe, the 
velocity or the direction of movement of particles such as 
Water droplets, for example. 

[0073] To this end, said device 1 comprises, in a knoWn 
and general manner, as shoWn in a preferred embodiment in 
FIGS. 3 to 5: 

[0074] a measuring element 2 comprising a measur 
ing region ZM Which is intended to accommodate 
said particles; 

[0075] illumination means Ml speci?ed above 
capable of illuminating said measuring region ZM, 
using at least one light beam 7A, 7B; 
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[0076] image acquisition means M2 comprising at 
least one camera 3 capable of acquiring at least one 
image of said measuring region ZM illuminated by 
said illumination means M1; and 

[0077] a processing unit 4 connected to said image 
acquisition means M2 via a connection 5 and capable 
of determining, preferably by shadoWgraphy, the 
values of said parameter, from said image acquired 
by the camera 3. 

[0078] According to the invention, said illumination 
means M1 are constituted so as to produce point illumina 
tion, using a light beam 7A, 7B comprising light rays RA, 
RB Which are focused in the manner indicated above. 

[0079] To this end, in a preferred embodiment, said illu 
mination means M1 comprise, as shoWn schematically in 
FIG. 1, at least one optical assembly 5A, 5B comprising; 

[0080] a light source 6A, 6B, preferably a laser 
source, capable of generating a light beam 7A, 7B; 

[0081] an optical ?ber 8A, 8B connected by a ?rst 
end 9A, 9B to said light source 6A, 6B and capable 
of transmitting a light beam 7A, 7B generated by the 
latter; and 

[0082] a ?eld optic 10A, 10B ?tted to a second end 
11A, 11B opposite said ?rst end 9A, 9B of said 
optical ?ber 8A, 8B and focusing the light beam 7A, 
7B emerging from said optical ?ber 8A, 8B onto an 
objective optic 12A, 12B of the camera 3 of said 
image acquisition means M2. 

[0083] The ?eld optic 10A, 10B focuses the light beam 
7A, 7B emerging from the optical ?ber 8A, 8B, preferably 
a laser beam, at the center of the objective optic 12A, 12B, 
that is to say channels the rays RA, RB of said emerging 
light beam 7A, 7B. 

[0084] The objective optic 12A, 12B forms the image of 
the object in the conjugate plane. In order to better demon 
strate this characteristic, the object plane P1 and the plane P2 
of the camera 3 are shoWn in FIG. 2. 

[0085] By means of this “point” illumination, the contrast 
(on the image or images acquired) of the shadoW of the 
particles located in the measuring region ZM (plane P1) is 
increased. This increase in contrast leads to improved 
observability of the particles at the eXpense of focus and 
therefore an increase in the depth of ?eld, since the image 
remains observable for higher defocused values. This 
increase in the depth of ?eld itself leads to an increase in the 
measuring volume Which depends in a knoWn manner both 
on the siZe of the sensor, preferably a CCD sensor, on the 
camera 3 and on the depth of ?eld. 

[0086] It Will be noted that With standard shadoWgraphy 
by illumination Which is hot point illumination (i.e. diffuse 
illumination) as disclosed, for example, by the aforemen 
tioned document FR-2 689 247, the shadoWs produced by 
each point of the light source do not exactly overlap. The 
shadoW of the object is therefore illuminated by the 
unWanted light coming from said source, Which, of course, 
is detrimental to the contrast. This problem is ef?ciently 
remedied by virtue of the present invention. 

[0087] According to the invention, the optical ?ber 8A, 8B 
is a monomode ?ber. By construction, this type of ?ber 
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makes it possible to transmit only one mode of the laser 
beam 7A, 7B and therefore prevents any unWanted noise. 
The surface of the “source” is therefore reduced to a 
diameter of a feW microns. In addition, the use of an optical 
?ber makes it possible for the light source 6A, 6B to be 
easily ?tted in a protected region, for eXample in the cabin 
of an airplane. 

[0088] Furthermore, according to the invention, the ?eld 
optic 10A, 10B and the objective optic 12A, 12B may be 
single lenses or sets of lenses. 

[0089] In addition, the diameter of the objective optic 
12A, 12B is dimensioned so that the accuracy of measure 
ments is not degraded by diffraction phenomena. These 
phenomena are related to the siZe of the entrance pupil 
(diameter of the objective optic) and to the Wavelength used. 
Thus, in order to avoid such diffraction problems, a laser 
source of the doubled “YAG” type at a preferred Wavelength 
of 532 nm is used. 

[0090] Furthermore,in order to yet further increase the 
measuring volume, especially thereby contributing to an 
increase in contrast, in an advantageous manner: 

[0091] said illumination means M1 comprise at least 
one light source 6A, 6B, preferably a laser source, 
generating a coherent light beam 7A, 7B, Which 
makes it possible to increase the aforementioned 
contrast; 

[0092] a camera 3 is used Which has a high image 
acquisition rate, for eXample a camera of the 
“CAD6” type, enabling a rate of 262 frames/second 
With a resolution of 512=512 piXels to be achieved; 
and 

[0093] in a particular embodiment, said camera 3 
comprises knoWn means (not shoWn), Which open 
the latter in order to acquire an image, said illumi 
nation means M1 produce illumination in the form of 
light ?ashes and are controlled so as to emit at least 
tWo light ?ashes during an opening of the camera 3 
on acquiring an image. Thus the measuring volume 
observed during the opening period of the camera 3 
is increased. 

[0094] This is only possible by decreasing the intensity of 
the laser beam so as not to saturate the camera 3. In practice, 
it is preferred to limit the number of light ?ashes to tWo or 
three, since this technique has the draWback of decreasing 
the signal/noise ratio. Thus the volume observed during the 
opening period of the camera is multiplied by the number of 
light ?ashes provided per image. 

[0095] It Will be noted that the periodicity of these light 
?ashes takes account of the dump time of the piXels from the 
camera 3 (dead time during Which the acquisition of a neW 
image is not possible). 

[0096] In addition, the use of short-duration light ?ashes 
makes it possible to compensate for the ?oW velocity of the 
particles. In effect, such a light ?ash freeZes the particle. The 
device 1 according to the invention therefore makes it 
possible to measure the characteristics of particles such as 
Water droplets, for almost Zero velocities up to high veloci 
ties (V >150 m/s). Nevertheless, for high velocities, it is 
necessary to illuminate the droplets With light ?ashes With a 
short enough duration to freeZe them in their movement. For 
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air velocities of around 100 to 150 m/s, the duration of the 
?ash must not exceed 5 to 10 ns. It is for this reason that the 
preferred laser source is a pulsed laser With a saturable 
absorber (of the “Q-sWitch”type) Which generates pulses of 
duration less than 1 ns. In addition, this laser source has the 
advantage of being lightWeight and of loW bulk. 

[0097] Moreover, in order to increase the range of mea 
surement of the siZe of particles or Water droplets, the 
illumination means M1 comprise, according to the inven 
tion, as shoWn in FIGS. 1 and 5, the tWo aforementioned 
optical assemblies 5A and 5B, each emitting in a sequential 
manner a laser beam 7A and 7B of different diameter 
adapted to the ?eld observed. This difference in diameter, 
Which is due in particular to different magni?cations of the 
optics 12A, 12B, is illustrated in FIG. 1 by rectangular 
parallelepipeds 13A and 13B of different siZes. 

[0098] By Way of illustration, the optics 12B and 12A can 
be adjusted in order to procure, respectively, a magni?cation 
of 3, adapted to observing small droplets (from about 10 pm 
to 50 pm) present in a ?rst measuring space ZM1 shoWn in 
FIG. 4, and a magni?cation of 0.66 capable of observing 
large droplets (from 50 pm to 600 pm) present in a second 
measuring space ZM2, Which makes it possible to obtain 
overall a measurement range from 10 pm to 600 pm. In 
addition, these magni?cations make it possible to cover the 
entire diameter range Without distortion in the overlap 
region. 
[0099] In said preferred embodiment, the device 1 com 
prises a single camera 3 and the image acquisition means M2 
in addition comprise, as shoWn in FIGS. 1 and 5: 

[0100] a return prism 14, of the standard type, placed 
in the optical path of a ?rst beam 7A of said beams 
7A, 7B; and 

[0101] a semire?ecting plate 16, of the standard type, 
placed in the optical path of the second beam 7B, and 
in the return optical path of the ?rst beam 7A, 
doWnstream of the return prism 14. 

[0102] It Will be noted that the Wavelength, the siZe of the 
optics and the magni?cation make it possible to de?ne the 
minimum siZe of the particles that can be measured. The 
diameter of the diffraction spot or Airy disk is related to the 
Wavelength and to the diameter of the pupil. The magni? 
cation makes it possible to choose the number of piXels 
Which are covered by the smallest particle that it is desired 
to observe. In order to observe particles of siZe greater than 
or less than the aforementioned measurement range, the 
optical characteristics, that is the Wavelength, the diameter 
of the optics and/or the magni?cation, should therefore be 
altered. 

[0103] The depth of ?eld is yet further increased by using 
the knoWn principle of shadoWgraphy in order to determine 
the siZe from images acquired by the image acquisition 
means M2. To this end, suitable and standard algorithms are 
integrated into the processing unit 4. 

[0104] In the preferred embodiment shoWn in FIGS. 3 to 
5, the device 1 additionally comprises: 

[0105] a measuring element 2 in the form of a rod, 
Which is provided close to its free end 2A With a 
through opening 19 containing the measuring region 
ZM Which comprises the tWo aforementioned mea 
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suring spaces ZM1 and ZM2. The particles to be 
measured pass through the opening 19 in a ?oW 
direction E; 

[0106] tWo pairs of WindoWs 20A, 20B and 21A, 21B 
protecting the optical elements of the device 1 With 
respect to said ?oW of particles; 

[0107] tWo return prisms 22 and 23 to return the light 
beams 7A and 7B to the measuring spaces ZM2 and 
ZM1, respectively; 

[0108] a system 24 for bloWing ?ltered air, partially 
shoWn in FIG. 3, for eXample controlled manually 
by means of a button 25 and preferably comprising 
a plurality of injectors (not shoWn) for bloWing air 
over the external faces of the WindoWs 20A, 20B, 
21A and 21B, as illustrated by arroWs f, so as to 
prevent any deposition of dirt (capable of causing 
optical perturbance) on these WindoWs. In addition, 
the bloWing system 24 makes it possible to deice the 
WindoWs 20A, 20B, 21A and 21B if necessary. The 
bloWn air therefore has a temperature high enough to 
remove any ice from said WindoWs; 

[0109] an interference ?lter (not shoWn) Which is 
?tted to the entrance of the camera 3 and Which 
makes it possible to remove unWanted light capable 
of reaching said camera 3; and 

[0110] a control button 26 controlling the illumina 
tion means M1 and the image acquisition means M2, 
as illustrated by means of links 27 and 28, respec 
tively. 

[0111] In addition, all the optics of the device 1 are, 
preferably, subjected to an antire?ection treatment in order 
to prevent interference. 

[0112] Moreover, in a particular embodiment, shoWn par 
tially and schematically in FIG. 6: 

[0113] said illumination means M1 are constituted so 
as to emit tWo light ?ashes 7B spaced apart by a 
predetermined duration; said camera 3 is constituted 
so as to acquire an image on emission of each of said 
tWo light ?ashes 7B; and 

[0114] said processing unit 4 is constituted so as to 
determine the velocity vector of the particles, from 
the tWo images relating to said tWo light ?ashes 7B 
and from said predetermined duration. 

[0115] The illumination means M1 comprise a single light 
source 6B and an optical ?ber 8B Which is connected to said 
light source 6B, in order to emit tWo light ?ashes 7B spaced 
apart by a predetermined duration. A delay line 15, com 
prising an optical ?ber, preferably coiled, may be assembled 
in parallel to said optical ?ber 8B, via optical couplers 17, 
18. 

[0116] When the laser source 6B emits a light pulse, the 
?rst half of the latter, corresponding to a ?rst light ?ash, is 
sent directly to the camera 3 by means of the optical ?ber 8B 
and the other half, Which corresponds to the second light 
?ash, enters, at the coupler 17, the delay line 15 Which has, 
for eXample, a length of 200 meters, and is then sent to the 
camera 3 via the coupler 18 and the optical ?ber 8B, With a 
delay corresponding to the time taken to pass through the 
delay line 15. 
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[0117] The velocity vector of the particles measured in this 
Way can be used to calibrate the device 1 so as to obtain a 
representation of the How in the measuring region ZM With 
respect to the How in the environment in Which the rod 2 is 
placed. The delay line 15 makes it possible to calibrate the 
device thereby giving an indication of the velocity vector of 
the particles. This indication makes it possible to determine 
Whether the rod 2 is properly positioned With respect to the 
How of the environment in Which it is immersed. Once the 
correct position is identi?ed and any risk of turbulent ?oW, 
Which may be detrimental to the quality of the measurement, 
is prevented, the delay line is removed. 

[0118] Moreover, in a preferred application, the device 1 
according to the invention is assembled on an aircraft, for 
eXample a civil transport airplane, only part of the fuselage 
F of Which is shoWn in FIGS. 7 and 8, in order to detect the 
siZe of Water droplets present outside the aircraft so as to be 
able to characteriZe icing conditions and, if necessary, Warn 
the pilot or pilots of the aircraft of the need to activate a 
deicing system. 

[0119] In this case, the fuselage F of the aircraft is pro 
vided With a sleeve 29: 

[0120] Which is ?tted in said fuselage F of the aircraft 
so as to create a through opening; 

[0121] Which has a diameter adapted to the diameter 
of the rod 2 of the device 1 such that the latter can 
be ?tted in a sealed manner in said sleeve 29 (FIG. 
7); and 

[0122] Which is capable of being closed in a sealed 
manner, by means of a suitable and standard plug 30, 
in the absence of said rod 2 (FIG. 8). 

[0123] Consequently, the device 1 according to the inven 
tion may be assembled and dismantled, easily and quickly. 
In addition, the aerodynamics of the aircraft are altered as 
little as possible. 

[0124] Furthermore, With the exception of the part 2B 
(comprising at least the end 2A) of the rod 2 Which is outside 
the fuselage F, all the rest of the device 1 is protected from 
the external environment and, in particular, from said par 
ticles, by said fuselage F. 

[0125] In addition, said part 2B of the rod 2 is electrically 
insulated so as to make the device 1 unattractive to lightning. 
Consequently, the device 1 according to the invention makes 
it possible, in the aforementioned application, especially to: 

[0126] measure the siZe of Water droplets present in 
clouds; 

[0127] measure the concentration of droplets, that is 
to say count their number per unit volume. This 
requires an accurate knoWledge of the volume of the 
measuring spaces ZM1, ZM2; 

[0128] provide the pilot With real time data required 
to carry out in-?ight tests; 

[0129] record all the information on board the air 
craft. To this end, the processing unit 4 comprises or 
is combined With at least one storage unit (not 
shoWn); differentiate betWeen Water droplets and 
crystals; and 
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[0130] measure the velocity (in a plane) of said Water 
droplets. 

[0131] Apreferred application of the device 1 according to 
the invention therefore relates to the prevention and antici 
pation of icing conditions on an aircraft. 

[0132] HoWever, numerous other applications can also be 
envisaged, such as providing certi?cation authorities With 
reliable quality information on the conditions encountered 
by an aircraft during in-?ight tests, the certi?cation of 
helicopters during stationary ?ights, the veri?cation of con 
ditions produced in icing Wind tunnels, measurements on the 
ground during poor conditions of visibility (fog, etc.), etc. 

1. A device for determining the values of at least one 
parameter, especially the siZe, of particles, in particular of 
Water droplets, said device (1) comprising: 

a measuring element (2) comprising a measuring region 
(ZM) Which is intended to accommodate said particles; 

illumination means (M1) capable of illuminating said 
measuring region (ZM); 

image acquisition means (M2) comprising at least one 
camera (3) capable of acquiring at least one image of 
said measuring region (ZM) illuminated by said illu 
mination means (M1); and 

processing means (4) capable of determining the values of 
said parameter, from said image acquired by the camera 
(3), characteriZed in that said illumination means (M1) 
are constituted so as to produce a point illumination 

source, using a light beam (7A, 7B), the light rays (RA, 
RB) of Which are focused onto an objective optic (12A, 
12B) of the image acquisition means (M2). 

2. The device as claimed in claim 1, characteriZed in that 
said illumination means (M1) comprise at least one optical 
assembly (5A, 5B) comprising: 

a light source (6A, 6B) capable of generating a light beam 
(7A, 7B); 

an optical ?ber (8A, 8B) connected by a ?rst end (9A, 9B) 
to said light source (6A, 6B) and capable of transmit 
ting a light beam (7A, 7B) generated by the latter; and 

a ?eld optic (10A, 10B) ?tted to a second end (11A, 11B) 
opposite said ?rst end (9A, 9B) of said optical ?ber 
(8A, 8B) and focusing the light beam emerging from 
said optical ?ber (8A, 8B) on the center of the objective 
optic (12A, 12B) of the image acquisition means (M2). 

3. The device as claimed in claim 2, characteriZed in that 
said optical ?ber (8A, 8B) is a monomode ?ber. 

4. The device as claimed in one of claims 1 to 3, 
characteriZed in that said illumination means (M1) comprise 
at least one light source (6A, 6B) generating a coherent light 
beam. 

5. The device as claimed in any one of claims 1 to 4, 
characteriZed in that said camera (3) comprises means Which 
open the latter in order to acquire an image, in that said 
illumination means (M1) produce illumination in the form of 
light ?ashes, and in that said illumination means (M1) are 
controlled so as to emit at least tWo light ?ashes during one 
and the same opening of the camera (3) on acquiring an 
image. 
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6. The device as claimed in claim 5, characterized in that 
said illumination means (M1) comprise at least one pulsed 
laser With a saturable absorber, in order to emit said light 
?ashes. 

7. The device as claimed in any one of the preceding 
claims, characteriZed in that said illumination means (M1) 
are constituted so as to emit in a sequential manner at least 

tWo light beams (7A, 7B) having different diameters. 
8. The device as claimed in claim 7, characteriZed in that 

said illumination means (M1) comprise tWo laser sources 
(6A, 6B) associated With optics (12A, 12B), respectively, of 
different magni?cations, and in that said image acquisition 
means (M2) comprise a single camera (3) and optical means 
(14, 16) making it possible to direct the tWo laser beams (7A, 
7B) emitted by said tWo laser sources (6A, 6B), onto said 
camera 

9. The device as claimed in any one of the preceding 
claims, characteriZed in that said processing means (4) are 
constituted so as to determine said parameter by shadoWg 
raphy. 

10. The device as claimed in any one of the preceding 
claims, characteriZed in that said illumination means (M1) 
are constituted so as to emit tWo light ?ashes spaced apart by 
a predetermined duration, in that said camera (3) is consti 
tuted so as to acquire an image on emission of each of said 
tWo light ?ashes, and in that said processing means (4) are 
constituted so as to determine, as a parameter, the velocity 
vector of said particles, from the tWo images relating to said 
tWo light ?ashes and from said predetermined duration. 

11. The device as claimed in claim 10, characteriZed in 
that said illumination means (M1) comprise at least one light 
source (6B) and an optical ?ber (8B) Which is connected to 
said light source (6B). 

12. The device as claimed in any one of the preceding 
claims, characteriZed in that it comprises an interference 
?lter Which is ?tted to the entrance of said camera 

13. The device as claimed in any one of the preceding 
claims, characteriZed in that it comprises an antire?ection 
treatment. 
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14. The device as claimed in any one of the preceding 
claims, characteriZed in that said measuring region (ZM) is 
delimited by at least one WindoW (20A, 20B, 21A, 21B). 

15. The device as claimed in claim 14, characteriZed in 
that it comprises means (24) to bloW air over the eXternal 
face of said WindoW (20A, 20B, 21A, 21B). 

16. The device as claimed in any one of the preceding 
claims, characteriZed in that said measuring element (2) is a 
rod provided With a through opening (19) at a ?rst (2A) of 
its ends, said through opening (19) containing said measur 
ing region (ZM). 

17. The device as claimed in claim 16, characteriZed in 
that it comprises a protection Which protects the entire 
said device (1), eXcept for at least said ?rst end (2A) of the 
rod (2) Which is placed in an environment containing said 
particles, against said particles. 

18. The device as claimed in either of claims 16 and 17, 
characteriZed in that at least said ?rst end (2A) of the rod (2) 
is electrically insulated. 

19. An aircraft, characteriZed in that it comprises at least 
one device (1) such as that speci?ed in any one of claims 1 
to 18, for determining the values of said parameter of Water 
droplets present outside said aircraft. 

20. The aircraft as claimed in claim 19, characteriZed in 
that it comprises a device (1) such as that speci?ed most 
particularly in any one of claims 16 to 18, and in that it 
further comprises a sleeve (29): 

Which is ?tted into the fuselage of the aircraft so as to 
create a through opening; 

Which has a diameter adapted to the diameter of said rod 
(2) such that the latter can be ?tted in a sealed manner 
in said sleeve (29); and 

Which is capable of being closed in a sealed manner, in the 
absence of said rod 

* * * * * 


