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Analysis of low-frequency sonar backscattered data for the detection and classification of buried
manmade objects in the underwater environment

Backscattering = acoustic backscattering = echo

Comparison of backscattered time responses for a fluid-filled elastic spherical shell (radius: 0.53 m)
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1. Context
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Figure 1 * : seas and areas with a high
concentration of underwater mines and Figure 2 * : Different positions of mines and UXOs
UXOs. relative to the seabed.

UXO: UneXploded Ordnance

a. PDM2

b. Moored Figure 3 * : Some common underwater
mines. Source: Royal Military Academy
c. Manta Archives 4
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3 | Figure 4 * : Simulated image of an AUV conducting mine and UXO
\ ’ s search using sonar




2. Sonar systems
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Figure 5 * : targets observed in a SAS image, using 300 kHz as central
frequency (high-frequency sonar). Source: CMRE.

SAS: Synthetic Aperture Sonar, similar to SAR: Synthetic Aperture Radar. Source: [1]




2. Sonar systems
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Figure 6: SAS images of the scattering from a
proud cement drainage pipe with a broadside
orientation (low-frequency sonar, below 50
kHz as central frequency) : (a) simulation and
(b) SAX04 measurement [2]
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What happens if the target is partially/fully buried?
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Figure 7: low frequency SAS
simulated image of a spherical
PVC shell (3: 50 cm, wall
thickness: 1cm) in free field [3]

Proud: above the seabed

Free-field: sound propagates
without boundary interference




3. How to classity Project SBSS: SubBottom Scanning Sonar

partially/fully

buried targets? - Beamforming
- SAS processing

- Low-frequency sonar

- Cartesian Projection
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3. How to classity partially/fully buried targets?

|/1 < Analysis of echoes in the time
J \ \. domain, and/or analysis in the
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Figure 8 * : Synthetic echo from an
air-filled elastic spherical shell in
free field [4]

| | «— Specular echo

Seiwmic profde - 77 pings - 2m heigh, directly above the airfilled sphesical elastic steel shell in free field
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| Figure 10 : a) Time-frequency representation of the echo and b) B-
' scan from a water-filled aluminum spherical shell in free field

.I [ ified with a chi lse [6
Figure 9 * : Synthetic echo from a insonified with a chirp pulse [6]

rigid sphere in free field[5] 9



4. \What about the data?

* | don’t have any real data yet (e.g. from field trips).
* | need to generate (synthetic) data of the echoes.

* The echo depends (at least) on:
* The source signal (chirp, sine, Ricker, etc).
* The target (shape, external and internal material, size, etc.)

* Conditions of the target and environment (free-field, above the seabed,
partially buried, vegetation, rocks, etc)

10



4. What about
the data? .
Laboratory
experiment

Time {ms)
Retum Strength
Time (ms)
Return Strength
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Ping Ping
c) d)

Figure 11 : a) Image of the Ping2 sonar; b) (left) experimental setup involving a
mechanical arm and a one-cubic-meter tank (right) the Ping 2 sensor mounted at
the end of the arm and looking straight down at the tank bottom; ¢) B-scan over
80 cm length: configuration with 1.5 cm of sand [7]; d) B-scan over 80 cm length:
configuration with 1.5 cm of sand and a target (brick) in the red rectangle [7]
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5. Generation of synthetic data

| had to start my own simulator.

- Python code: AcousticScattering.py
- Spherical shapes
- In free-field and above the seabed

- Five models:

- Rigid Sphere [8]
Solid elastic sphere [9]
Vacuum-filled elastic spherical shell [10]
Fluid-filled elastic spherical shell [11]
Spherical shapes above the seabed [2]

12



6. Validation of synthetic data: comparison with papers

Reference (also AcousticScattering.py
synthetic data)

Backscattered tme response of a rigid sphere (radius: 0.53 m)
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Fig. 12: Comparison of echoes from a rigid sphere in free field with a truncated sinusoid as incident signal

Backscattered time response of a steel elastic spherical shell
_with air inside {radius: 0.53 m, thickness (h} = 5.7 %) in free-field
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Fig. 13: Comparison of echoes from an air-filled spherical shell in free field with a Ricker wavelet as incident signal
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6. Validation of synthetic data
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Fig. 14: Comparison of echoes from an water-filled aluminum spherical shell in free field with a chirp (30 - 160 kHz)
as incident signal 14



6. Validation of synthetic data: arrival time of specular echo

Truncated echo signal (97% energy)

=== Threshold time = B.64 ms
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a) Slant range: 1.73 m. Radius of the sphere =0.53 m

Truncated echo signal (97% energy)
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b) Slant range: 3.46 m. Radius of the sphere =0.53 m

Fig. 15: Time arrival of specular echo off an steel spherical shell with explosive emulsion inside, using a 8 kHz Ricker
wavelet, in free-field. The horizontal axis is one-way travel time.
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. Results: AcousticStattering.py

Comparison of backscattered time responses in free field for spherical
shapes (radius: 0.53 m) with an incident truncated sinusoid

Comparison of backscattered time responses in free field for spherical
shapes (radius: 0.53 m) with an incident Ricker pulse
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Fig. 16: Comparison of echoes from spherical shapes in free-field with two different incident signals
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/. Results

Comparison of backscattered time responses above the seabed for spherical
shapes (radius: 0.53 m} with an incident Ricker pulse with 35.262 grazing angle
Sphere (only geometrically reflected ray paths)

Rigid sphere

Elastic solid sphere

e

Vacuum elastic spherical shell

Fluid-filled elastic SRENEA shell (air inside)
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Fig. 17: Comparison of echoes from spherical shapes above the seabed with

an incident Ricker pulse

Normalized amplitude

Comparison of backscattered time responses for a rigid sphere (radius: 0.53 m)

; —— Rigid sphere (free-field)
N -=~ Rigid sphere (above the seabed)

o
>

et
[N

o
=)

|
S
N}

|
2
S

1
°
o

|
e
-]

I
28
=)

0.000 0.001 0.002 0.003 0.004

Time (s)

0.005 0.006 0.007 0.008

Fig. 18: Comparison of echoes from arigid
sphere in free-field vs above the seabed with
an incident Ricker pulse
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Normalized amplitude

/. Results

Comparison of backscattered time responses for an elastic solid sphere (radius: 0.53 m) Comparison of backscattered time responses for a fluid-filled elastic spherical shell (radius: 0.53 m)
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Fig. 19: Comparison of echoes from a solid elastic sphere and a fluid-filled spherical shell in
free-field vs above the seabed with an incident Ricker pulse
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8. Future work

* Review of different Time-frequency representations

» Start a classification stage: rigid vs elastic (using chirp as incident
signal, free-field and above the seabed).

* Inform the classification stage with physics of the problem.

* Implement the analytical model for the echo off eylindrical shapes.
* Use a FEM to get the echoes from a sphere, a cylinder and a manta.

* Compare synthetic and real echoes off cylindrical shapes.
* Implement analytical or FEM models for partially/fully buried targets (?)

19
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Comparing echoes: 4 models — chirp signal

a) Rigid Sphere b) Elastic solid sphere
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c) Vacuum-filled elastic spherical shell c) water-filled elastic spherical shell

Fig. 20: Comparison of echoes from a four different spherical models, in free field, with an
incident chirp signal of 160-30 kHz, 1.5 ms duration, 1.73 m slant range. Radius of the sphere
=0.075m
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Comparing echoes in frequency domain: 4 models

— chirp signal

a) Rig'ihd Sphere b) Elastic solid sphere

c) Vacuum-filled elastic spherical shell c) water-filled elastic spherical shell

Fig. 21: Comparison of echoes in frequency domain from a four different spherical models, in
free field, with an incident chirp signal of 160-30 kHz, 1.5 ms duration, 1.73 m slant range.

Radius of the sphere =0.075m
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Comparing echoes in time-frequency domain: 4 models - chirp signhal

¢) Vacuum-filled elastic spherical shell c) water-filled elastic spherical shell

Fig. 22: Comparison of echoes in time-frequency domain (STFT) from a four different
spherical models, in free field, with an incident chirp signal of 160-30 kHz, 1.5 ms duration,
1.73 m slant range. Radius of the sphere =0.075 m
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