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Introduction 
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Goal: 
To design an automatic grunt 
detection and recognition 
algorithm that processes 
yearlong passive acoustic 
data.  

Method: 
Two-step data processing algorithm consisted of signal 
detection and recognition.  



Signal Detection 

The detection algorithm 
computes detection statistic 
with a bank of 2‑D linear filters 

                            𝑧(𝑡)= ​​max┬𝑝  ⁠​|𝑢(𝑡, ​𝝀↓𝑝 )|↑2    
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Signal Recognition 
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Feature extraction: 
 
The prominent visual features of grunts are the three or 
more harmonics separated by 50‑80 Hz in the frequency 
domain. We extract these features with two spectrogram 
transformations. The first is: 

                                 ​𝑆↓1 (𝑡)=∑𝑓=1↑​𝑁↓𝑓 ▒​𝑋 (𝑓,𝑡)         
where ​𝑋 (𝑓,𝑡) is the spectrogram in dB.  

 

The second is based on the 2-D function: 
𝑃(𝑓,𝛼)=∑𝜏= ​𝑡 −0.05↑​𝑡 +0.05▒​𝑋 (𝑓+𝜏𝛼,𝜏)  
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Feature extraction: 
 
We recognize signals with features 
extracted from ​𝑆↓1 (𝑡) and ​𝑃↓1 (𝑓): 
 
​𝑥↓1 = ​𝑇 , (duration)   
​𝑥↓2 = ​​𝑓 ↓𝑃 , (peak frequency)   
​𝑥↓3 = ​𝑆𝑁𝑅 , (SNR) 
​𝑥↓4 = ​​𝛿 ↓𝑓 , (inter-harmonic interval)

  
​𝑥↓5 = ​​min┬𝑚=1..3  ⁠​𝑟↓𝑚  , (peak-to-min 
ratio) 
​𝑥↓6 = ​​𝐴↓𝑚𝑎𝑥 /​𝐴↓𝑚𝑖𝑛  , (peak-to-peak 
ratio) (a) Spectrogram of cod grunt, and 

functions (b) 𝑃(𝑓,𝛼), (c) ​𝑆↓1 (𝑡), 
(d) ​𝑃↓1 (𝑓) 
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Feature testing: 
 
We tested features using a maximum likelihood algorithm 
with subjective likelihood functions. We assigned the feature 
vector 𝒙= ​[​𝑥↓1 ,…, ​𝑥↓6 ]↑𝑇  to Atlantic cod when 

𝑊(𝒙)=𝑒𝑥𝑝{−∑𝑛=1↑6▒​𝑑↓𝑛↑2  }≥𝐶 
where   
​𝑑↓𝑛↑2 ={█■0,   ​𝑥↓𝑛 ∈[​𝑚↓𝑛1 , ​𝑚↓𝑛2 ]@​​(​𝑥↓𝑛 − ​𝑚↓𝑛1 )↑2 ∕2​𝜎↓𝑛1↑2 , ​  𝑥↓𝑛 < ​
𝑚↓𝑛1    @​​(​𝑥↓𝑛 − ​𝑚↓𝑛2 )↑2 ∕2​𝜎↓𝑛2↑2 ,   ​𝑥↓𝑛 >   ​𝑚↓𝑛2    
 
is the nth weighting function specifying subjective likelihood 
function. 
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Feature testing: 
 
 

Subjective likelihood functions of (a) duration ​,  𝑥↓1 , (b) SNR ​,𝑥↓3 ,  
(c) peak-to-min ratio, ​𝑥↓5 , (d) peak-to-peak ratio, ​𝑥↓6 . 
 



Test Results 
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Thank you! 
Ildar.urazghildiiev@jasco.com 


