
Synthetic data requirements vary by sonar type. High-frequency sonars (Figure 6a and b) produce detailed images for easier target identification but struggle with clutter and buried objects. Low-frequency sonars
better penetrate sediment and objects, though their images have lower resolution (Figure 6c). For these systems, classification relies on analyzing characteristic echo patterns that vary by target type and
environment (Figures 8 and 9)—precisely the synthetic data (Figure 7) needed for SBSS development. The SBSS uses an LFM pulse (Linear Frequency Modulated - chirp) and the echoes are beamformed and SAS
processed.
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Figure 3: Some common underwater mines.
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d. UXOs [3]
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Figure 1: Seas and areas with a high concentration of underwater
mines and UXOs.

Figure 2: Different positions of mines and UXOs relative to the seabed.

2. Sonar systems and synthetic data generation
The Mine Hunting Process (Figure 4) can be performed using different types of sonar (Figure 5), each of which generates various types of images. Historically, target classification and identification has been
conducted manually by trained operators. However, this approach is not the most efficient solution. While the process could be automated, such automation requires large amounts of data that are difficult,
expensive, and dangerous to collect in real-world conditions. This creates a compelling need for synthetic data generation to support the development of automated detection systems.

Figure 4: The Mine Hunting
Process.

Figure 5: Different types of sonar.
Figure 6: Targets and their sonar images.

Figure 9: Synthetic echo from an air-filled
elastic spherical shell in free field when

insonified with a Ricker pulse [6].

Figure 8: Synthetic echo from a rigid sphere in free
field when insonified with a sine pulse.The echo

from a rigid sphere can serve as an approximation
to the echo reflected by a rock [5].
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This research is part of the SBSS (Sub-Bottom Scanning Sonar) project, which aims to classify and identify underwater mines and UXOs (UnExploded Ordnance) that are
partially or completely buried, using low-frequency sonar technology. Underwater mines have been used in warfare for decades (and continue to be used today), with a large
number abandoned across the world's oceans, as shown in Figure 1. Over time, mines resting on the seabed can gradually become buried (Figure 2), making their classification
and identification increasingly difficult.
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Figure 7: Advantages of synthetic echo generation.

Figure 10: Synthetic echo from an water-filled
elastic spherical shell in free field when

insonified with a chirp pulse [6].

Figure 11: Top: synthetic echo from an infinite solid cylinder in free field at broadside insonification with a chirp pulse.
Bottom: actual echo from a water-filled cylindrical shell above the seabed at nadir insonification using a chirp pulse. 
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Synthetic echo generation presents complex physical challenges, with analytical solutions existing only
for spheres and limited cylinder cases. Research began with spheres due to broader literature. Models
were validated using simple incident signals (sine and Ricker) before advancing to chirp signals (Figure
10). For cylindrical targets, the synthetic echoes (Figure 11 top) require additional pulse compression
processing to better approximate real-world echoes (Figure 11 bottom).


