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The chirp sonar is a towed digital , swept FM subbottom profiler

High resolution images of the underlying sediment structure and for 
estimating acoustic parameters such as reflectivity , effective attenuation 
and volume scattering strength of sediment layers

Using a 20 msec 1.5-10 kHz FM sweep , generated images showing a vertical 
resolution of 15cm

To classify sediments , coring is the direct way to estimate bulk density but 
a time- and labor-intensive procedure . The measured reflection coefficient 
can provide the high spatial and temporal resolutions

Predicted sediment types by calculating the spectrum of the subbottom
reflections 



Chirp sonar system description



the digital signal processing

FM pulse compression Envelope 

Spherical spreading and 
subbottom attenuation 
corrections

Heave compensation

Sediment/water interface 
reflectivity calculation

Collection and storage 
of navigation data

Dynamic range compression



FM pulse compression using matched-filter processing
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Using Schwarz’s inequality
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After matched filter
Pulse compression

Before matched filter



The envelope of the compressed signal using a 
Hilbert transformation
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Analytic signal
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Spherical spreading and subbottom attenuation corrections
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1.     Geometrical spreading losses

2.     Attenuation losses
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Snell-Descartes law :

boundary conditions :
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pi = exp[ik(x sin θ1 + z cos θ1)]
pr = R exp[ik(x sin θ1 − z cos θ1)]
pt = W exp[ikt(x sin θ2 + z cos θ2)]
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Sediment/water interface reflectivity calculation



Experimental procedures

Dry kaolinite + tap water    30 days  

Stop the three pumps 
Initial concentration : 45 gl-1

Initial height of the water column : 1.40 m

Record time : 5 , 24 , 216 , 338 , 484 , 1034 (hr)   

Depth of sample extracted : 0.1 , 0.2 , 0.4 , 0.6 , 0.8 , 1.0 , 1.15 , 1.3 (m)
above the bottom(dried at 103~105oC for 24 h , cooled for 2 h )



0.1m

0.75m

1.5m

0.05m

pump

Methods  : -Sample
-Fresnel law
-Data processing
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Ms : dry sediment mass 
Vt : volumes of the sediment sample
Φs : Ms/vt/ρs

ρw : water density

Bulk density :
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P : proportional to the measured signal
P0 : source level (reference to 1 m)
R : reflection coefficient
B : beam pattern factor (Gaussian 
distribution with -3dB at beam width 
2.3o)

θ : beam angle
α : sound attenuation coefficient
z : the height above the bed
t : duration for consolidation

Fresnel law :



Relationship between processed signal strength and 
sample derived bulk density
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The matched filter is the optimal linear filter for 
maximizing the signal to noise ratio in the presence of 
additive stochastic noise

The envelope of the compressed signal is the amplitude of 
the return at the peak  

The measured reflection coefficient of the top layer can be 
calibrated by means of in-situ sediment samples


