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Main biological questions in bioacoustics



http://www.gso.uri.edu/fishsounds/CDindex.html

Applied research -
Species recognition
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Weakfish
longhorn sculpin

Atlantic croaker

http://en.wikipedia.org/wiki/Atlantic_croaker
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Figure 1. Types of rat ultrasonic vocalizations (USV). A, Isolation-induced 

40-kHz USV emitted by an 11-day-old male Wistar rat after separation 

from mother and littermates. B, Low-frequency 22-kHz USV emitted by a 

3-month-old male Wistar rat during fear conditioning. C, High-frequency 

50-kHz USV emitted by a 3-month-old male Wistar rat searching for 
conspecifics.

On the relationships between ultrasonic calling and anxiety-related behavior in rats. 

R.K.W. Schwarting and M. Wöhr. Braz J Med Biol Res 012; 45: 337-348.

Applied research -
Quantifying the number of signals



General problems of acoustic processing

• Signal detection in noisy environment

• Signal identification (individual/species recognition)

Easy recording -> large amount of data -> challenging to process

Object detection
on spectrograms

Deep Learning
CNN



Study of collared flycatcher (Ficedula albicollis) 
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The song of collared flycatcher
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Acoustic communication of collared flycatcher



Computer aided sound analysis with Ficedula
Matlab Toolbox (free, opensource script)

cutting

segmenting

clustering syllables 
within individual

clustering syllable types
between individuals

Sound
recording



The YOLO model



The YOLO model

• Freeware, open source
• in C and Python
• OpenCV / CUDA
• CPU and GPU supported
• Changable input dimensions



The YOLO model
on birdsong spectrogram

soundfile

spectrogram
(320 x 160 pixels)

YOLO

Detection of

1. Song
2. Syllables





The teaching-testing database

Song database Syllable database

Samples 6147 41229

Collared flycatcher 56 % 56%

Test % 10 % 10%

• Annotated collared flycatcher songs and syllables

• Diverse quality

• From many years

• Weather conditions

• Early and late season

• Different populations



Teaching on Wigner GPU cluster

Tracing: 
• Loss function
• IOU (Intersection of Union):

NVidia GeForce GTX 1080 Ti



Results

Average loss:

Song detection Syllable detection

Average loss:

IOU:
IOU:

0.05
0.29

0.80 0.72



Examples for
detection of songs



Examples for
detection of syllables



• First try on recordings from 2018:

Instead of 100 h manual segmentation, only 10 hours of checking!

• Cultural evolution in time and space (>800 recordings):

Application and further steps

1999 2004 2019
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