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Abstract: We reproduce, using scaled experiments in a watef, tthe effects of scattering
phenomena responsible for the degradations of s@yatem performances in oceanic
environment (typically, the small sound speed dlatitbns associated with linear internal
waves). We reproduce a wide panel of scatteringcesff spanning from “simple” phase
aberrations up to radical changes in the soundifitucture (appearance of caustics).
An experimental protocol was developed. It consisteansmitting a high-frequency wave
train (ultrasonic pressure field around 2MHz) thgluwax lenses with randomly rough
faces, that induce distortions comparable to thisg would be observed at sea at around
1kHz in the case of a lower frequency acousticaitnavelling through a linear internal
wave field. Using a 3-D printer, we were able tonuiacture lenses with a randomly
rough face characterized by its amplitude and eaitand horizontal correlation lengths.
The dependence of the various parameters involuethe experiment (related to the
object, distance of propagation, frequency, ...) wartelied using simulation programs
allowing to measure the average number of eiges eayd the phase difference between
the extreme micro paths. Those two quantities aefull to compare our results to what
was obtained in the literature, in particular todfé’s dimensionless analysis.

The propagation through the lenses was then studiedvater tank using virtual arrays
(automatic displacements of a hydrophone). We ssrethe results using the acoustic
envelop in order to observe wave front distortiongppearance of caustics.
Measurements of the coherence function and, heftlee radius of coherence, are
carried out. Finally, we observe degradation of flegformances of a localization
algorithm.

Keywords. De-coherence, Tank Experiments, Fluctuations, Dsionless Analysis.



1. INTRODUCTION.

We focus here on the topic of wave propagationamdom media (WPRM). Even
though a considerable amount of contributions &ofidld is available in the literature (['L-
5]), our thought is that providing experimental alaicquired in controlled environment
would be of great help in order to understand tivelved physical phenomena. Our main
objective is therefore to develop an experimentatqeol allowing us to measure in a
water tank (i.e. at reduced scale) signal disingicomparable to what would be observed
in the case of a lower frequency sound wave tragethrough a spatially fluctuating
ocean. As an example, linear internal waves (LIVé)rasponsible for perturbations in the
underwater sound propagation, and induce some dieigwa of the array performances [6-
9].

The objective of this research, in fine, is to pdevsome corrective signal processing
techniques in order to compensate for these derenbe effects [10].

2. SIMULATION STUDY.

In order to anticipate for the induced distortidrilee acoustic signals, we developed a ray
tracing program allowing us to calculate the averagmber of eigen ra{(sleig> and the

rms phase difference between the extreme micropaghss. According to Flatté [5],

these two quantites are related to the dimensisrgasametera (diffraction parameter)
and @ (strength parameter) used to classify the sighaitidations. The relationships
between the quantities previously cited have besified in [11]. Hence, tracing rays
through a specific wax lens allows us to anticidatethe fluctuation regimes involved in
a given experimental configuration, as depictedrigyl.
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Fig.1: (a): Ray Trace — Vertical Direction — Waxrise
(b): 4@ Plane — 256 Sensors Vertical Array — f=2.25MHz.

3. EXPERIMENTAL CONFIGURATION.



Our idea is here to develop an experimental cordigon that would allow us to observe
acoustic signals obtained in the various regimesatiiration defined by Flatté. Thus, the
goal of this study is to be able to observe pedtions of the acoustic signals similar to
the ones observed in the case of a sound wave gatipg through an internal wave field.
This translates by distortions and folding of tleewstic wave fronts, and by the presence
caustics in the measured pressure field.

The method we adopted for reproducing such phenanmeacoustic tanks is based on the
propagation of an ultrasonic signal (f=2.25MHz)otlgh an acoustic lens, and the
measurement of the acoustic pressure field propagttrough this object and throughout
specific regions of the three-dimensional space.didgram of the experimental
configuration is given in Fig.2:
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Fig.2: Experimental Configuration Diagram.

The physical properties of the material composing dbject are important since they
govern the way acoustic rays will be refracted. Teerial chosen here is referred to as
Machinable Blue Wagused in [12]). Its properties are listed in Table

Density 0.98
Longitudinal Wave Sound Speed [m/s] 1975
Shear Wave Sound Speed [m/s] 772
Longitudinal Wave Attenuation [dB/cm] 13 @ 2.25 l¥lH

Table 1: Physical Properties - Machinable Blue Wax.

It is mainly interesting to notice that the densifythe material is very close to the one of
water, meaning we can consider the density discoityito be quite negligible.

In order for the experimental configuration to nhmatthe simulation results, the
manufactured distorting object must be as clos@assible from the one used in the
simulation framework (input plane face and randompugh output face with



L, =3mm L, = 30mmandd, = 3mr ) . To do so, we developed a process leading to a

sample realized in the appropriate material: fiteg profile defined in simulations is

interpolated and edited using a CAD software. Tipuat file of the CAD software is then

sent to a 3D printer that will produce a first versof the sample.

Nevertheless, the material used by the 3D printeesdnot feature the appropriate
acoustical properties (due to its honeycomb stregtuneaning that the printed object will
be used as a primary mold to produce the finabdisig object in another material. Then,
we used a molding silicone (RTV 2-RTV 123) in artieobtain a "negative" mold of the

original profile.

This silicone has the advantage to keep its shapegh temperature, and therefore, it
allows us to pour the meltetMachinable Blue WaxThis particular step of the

manufacturing process was realized under the ddrae air pumping system in order to
avoid the appearance of air bubbles at the sudbttee sample.

Fig.3 displays the sample at the different stegh®imanufacturing process.

(a) (®)

Fig.3: Wax Lens Manufacturing Steps: (a) CAD Safen@utput; (b) Actual
Manufacturing Steps Outputs.

The experimental measurements are conducted in oR3gy 1.5m wide and 1m deep

water. It is filled with fresh water that is conteal using a temperature probe. The
acoustic equipment (transducer and hydrophone)etisaw/ the distorting lens are fixed on

motorized rails that are driven by a computer fiaiez [13].

The transmitted signal is generated by a randorctifum generator. The signal is then sent
through the distorting lens in water using a Partaasetransducer V306-SU, centered at
2.25MHz. The distorted acoustic pressure field hent recorded using a Precision
Acoustics Needle Hydrophone. The recording of thensg pressure field is completed at
various positions of the hydrophones. The prograwing to control the displacements

of the motorized rails also commands automatiapat@ted positions, given an initial and

a final coordinates and a step size.

4. EXPERIMENTAL RESULTS.

In order to obtain different statistical realizatsoof the experiment, the depth of the
source was changed, so that different regions efréimdom profiles were acousticaly
highlighted.



4.1 WAVEFRONT DISTORTIONS.

Fig.4 shows the acoustic envelop of the receivgdadi This quantity is calculated using
the Hilbert transform of the raw received wavertrai

A (1) =logyo (B, (1) +H{ py (1}). (1)

where p; (t) denotes the acoustic pressure recorded at recgieed H{} is the Hilbert

transform. Distortions are observed when we compa signal propagated through the
wax lens (here at the first distance and centercgodepth) with the signal propagated in
water only. Especially, we notice shadow zonesaaustics in the structure of the vertical
array wavefront.
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Fig.4: Received Signal Envelop: (a) Unperturbed Med- Horizontal Array (HA);
(b) Unperturbed Medium — Vertical Array (VA); (ceWlLens Propagated Signal — HA,;
(d) Wax Lens Propagated Signal — VA.

4.2COHERENCE FUNCTION.

We also compared the coherence function calculatéid the output of a simulation
program presented in [11] with experimental resoltdhe same configuration.

C(ke)=(R(f) M (1)) .0I0[LN OKO[L,N-1, )



Wherek is the spacing index; represents the spacing between two consecutig®ien
p stands for the Fourier transform of the presseicended at receivdr, f_ is the signal

center frequency and denotes the complex conjugate.

(a) (&)

Viartical Normalized Cohemsnos Horizontal Nommalized Cohemnoe
1

e Exparimenial Data
—e—Syrithatic Data

Experimantal Data
0.9k % 9  Synthetic Data

o

o o

o - @

s o 2 o o
o e

B
T

Averags Coherance
o o o o
B o

o o
3 2]

Average Caharenos
o o
] o

[=1
=]

1 L L 0
4 6 8 10 12 14 165 ;] 20 o 10 20 < 1 a0 1] [:1] i &
Sensor Spacing [mm) Sensor Spacing [mm]

Fig.5: Average Coherence - (a): VA; (b) HA.
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Fig.5 displays the average coherence function altrg linear array for the first
propagation distanced(, ., =0.23m).The agreement between the two cases is satisfying

for the main lobe, and therefore for the radiusatierence, whose value can be related to
the array gain [7]. We observe here a strong degiadof the array performance. Ever if
the vertical array case displays a decrease ofatties of coherence, the influence of the
transducer directivity is noticeable: in the unpdsed medium case, the coherence
function is very close to the horizontal array case

4. 3DETECTION ALGORITHM.

In order to measure the influence of the propagatfocacoustic signal through a perturbed
medium, we also developed a near-field and rangerttent beam forming routine, i.e. a
focalization algorithm.

b(x,y)=20lo ZV\(p tM : 3)

where w is the weight vector corresponding to seniser§ is thel —th sensor,M is a
point of coordinateix, y) andc is the sound speed in water.

The localization of the source in the case of pgagpian through an unperturbed medium
(Fig.5 (a) and (b)) corresponds to the maximumhefrepresented function. The position
of the source is here obtained with a good pretciaad matches the experimental
configuration. As depicted in Fig.5 (c) and (de tbcalization of the source is made more
difficult when the focalization algorithm is appdi¢o signals propagated through the wax
sample and measured.

If we focus on the vertical antennae case, we @bs&rong distortions of the focalization

output.
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Fig.6: Focalization Algorithm Output: (a) Unpertued Medium —HA; (b) Unperturbed
Medium —=VA,; (c) Wax Lens Propagated Signal — HAW@x Lens Propagated Signal -
VA.

5. CONCLUSION

In this paper, we presented an experimental protdimwing us to measure distortions of
acoustic signals propagated through a wax lenswbatlso manufactured. We conducted
series of experiment in a controlled environmeiaidieg to degradation of linear array
performances. We anticipated for the experimeng¢allts with ray tracing programs
allowing us to classify the signal fluctuations Hatté’s A® plane. We observed
distortions of the signal envelop both for vertiaadd horizontal linear array and measured
the degradation of their detection performances whie calculation of the coherence
function. The output of a spherical beam formingoathm confirmed the fact that the
distortion effects prevent the algorithm from aataly detecting the position and
direction of the source. Future work will consistiinproving the experimental protocol in
order to quantitatively scale the distorted acaudield characteristics (such as the
correlation length to wavelength ratio) to the oresase. Also, signal processing
techniques including de-coherence model based apfitter or beacon based techniques
will be tested on both synthetic and experimensahd
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