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1. SSS: INTRODUCTION

• SSS devices (typically 100-500 kHz) gener-
ate images with high resolution.

• Uses linear arrays of transducers on the
port (left) and starboard (right) sides.

• In each data acquisition cycle, the port
and starboard beams extend sideways and
downward.

• The nadir and zenith correspond to points
of low and high reflection off the surface
of the seafloor and the surface of the sea,
respectively. The data acquired are pro-
jected on a line traced along the seafloor.
This scanning line is known as a swath.

• SSS identifies 3 types of regions: acousti-
cal highlight, shadow, and seafloor rever-
beration.

– Highlight: The area originates from
acoustical wave reflection from an
object.

– Shadow: Due to a lack of acoustical re-
verberation behind the object.

– Seafloor reverberation: The remaining
areas.

• Segmentation is a computationally inten-
sive process used for the detection and
classification of an object from an image.

• SSS data can exhibit significant variations
in intensity levels due to factors such
as the distance between the sonar trans-
ducer and the seafloor, seafloor composi-
tion, and the angle of incidence of sound
waves. These variations can make it chal-
lenging to set consistent intensity thresh-
olds for segmentation.

• Cell Average - Constant False Alarm Rate
(CA-CFAR) is a popular method used to
estimate adaptive intensity thresholds.

2. CA-CFAR

• CA-CFAR works by setting a threshold for
detection that is adjusted based on the local
noise and clutter level in order to maintain a
constant false alarm rate.

• Threshold estimate T̂ ,

T̂ =
r

Nc

Nc∑
i=1

xi,

• r denotes the constant multiplier chosen ei-
ther to attenuate or enhance the detection
threshold based on the probability of false
alarm (α)

r = Nc(α
−1/Nc − 1)

No. of Reference cells, Nc = (2N + 2G+ 1)2

No. of Guard cells, Gc = (2G+ 1)2

Reference distance, dr = N +G
Guard distance, dg = G

3. ACCUMULATED CA-CFAR

• A typical acoustic image may contain 200-
2000 samples, and 2D CA-CFAR computa-
tion demands considerable computational re-
sources and time to analyse the entire image.

• Computationally improved 2D CA-CFAR al-
gorithm: Accumulated CA-CFAR (ACA-
CFAR) algorithm [1].

• ACA-CFAR reduces the repeated computa-
tion by pre-calculating the summations of the
reference and guard cells.

• ACA-CFAR algorithm first computes an accu-
mulation matrix, A. The (r, c)th element of A
is calculated as, ar,c =

∑r
i=1

∑c
j=1 xi,j

• Sum of the reference cells of CUT,

ΣR =ar+dr,c+dr
− ar−(dr+1),c+dr

− ar+dr,c−(dr+1) + ar−(dr+1),c−(dr+1)

• Requires only four memory accesses from the
pre-computed accumulated matrix.

4. PROPOSED ENHANCEMENTS IN ACA-CFAR

1. Zero Padding (A matrix generation)

2. Zero Padding (Sum of intensity calculation)

3. Pre-Computing the Nc matrix

4. Branch Optimization

5. EXPERIMENTAL RESULTS

6. CONCLUSION & RESEARCH IMPACT

• Significant improvement (more than 57%)
in the computation time over the ACA-
CFAR algorithm.

• The proposed algorithm is more attrac-
tive and suitable for a real-time SSS sys-
tem which uses low power devices to real-
ize segmentation algorithms for detection
and classification of MLOs which helps to
protect large valued assets.
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