Detection of the bird song — a study on the collared
flycatcher with the help of deep neural networks
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(B) Current utility

(A) Mechanism
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(D) Evolution
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Applied research -
Species recognition

Weakfish _ Atlantic croaker
longhorn sculpin o

N

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


http://en.wikipedia.org/wiki/Atlantic_croaker

Applied research -

Quantifying the number of signals
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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.

—

—

—

27 signals

4 signals
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On the relationships between ultrasonic calling and anxiety-related behavior in rats.
R.K.W. Schwarting and M. Wohr. Braz J Med Biol Res 012; 45: 337-348.



General problems of acoustic processing

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

e Signal detection in noisy environment

GPLOS stz

RESEARCH ARTICLE

Bat detective—Deep learning tools for bat
acoustic signal detection Object detection

> on spectrograms

» Signal identification (individual/species recognition) Deep Learning

. - P CNN
INTERFACE Automatic acoustic identification of

individuals in multiple species: improving
identification across recording conditions

BRISH
RESEARCH ARTICLE Methods in Ecology and Evolution E B

Automatic acoustic detection of birds through deep learning:
The first Bird Audio Detection challenge _J

royalsocietypublishing.org/journal/rsif




Study of collared flycatcher (Ficedula albicollis)




The song of collared flycatcher

syllables



Acoustic communication of collared flycatcher

Contents lists available at SciVerse ScienceDirect - Journal of
T%o;lical
. . ology
Journal of Theoretical Biology o)

ELSEVIER journal homepage: www.elsevier.com/locate/yjtbi

The relationship between syllable repertoire similarity and pairing success in
a passerine bird species with complex song

Behav Ecol Sociobiol (2017) 71:154 @ CrossMark
DOI 10.1007/500265-017-2379-0

ORIGINAL ARTICLE

Short- and long-term repeatability and pseudo-repeatability
of bird song: sensitivity of signals to varying environments

ORIGINAL ARTICLE A'%" 9 5@l MOLECULAR ECOLOGY

MHC-mediated sexual selection on birdsong: Generic
polymorphism, particular alleles and acoustic signals



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

Sound
recording

cutting

v
segmenting
v

clustering syllables
within individual
v

clustering syllable types
between individuals

v
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The YOLO model

You Only Look Once:
Unified, Real-Time Object Detection

Joseph Redmon*, Santosh Divvala‘’, Ross Girshick", Ali Farhadi*
University of Washington®, Allen Institute for AI, Facebook Al Research¥
http://pireddie.com/volo/
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S x S grid on input

Class probability map

Figure 2: The Model. Our system models detection as a regres-
sion problem. It divides the image into an .S x S grid and for each
grid cell predicts B bounding boxes, confidence for those boxes,
and C class probabilities. These predictions are encoded as an
S x S x (Bx*5+ C) tensor.

2. Run convolutional network.
3. Nonmax suppression.

Figure 1: The YOLO Detection System. Processing images
with YOLO is simple and straightforward. Our system (1) resizes
the input image to 448 x 448, (2) runs a single convolutional net-
work on the image, and (3) thresholds the resulting detections by
the model’s confidence.

Recall

(a) Picasso Dataset precision-recall curves.



The YOLO model
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Figure 3: The Architecture. Our detection network has 24 convolutional layers followed by 2 fully connected layers. Alternating 1 x 1
convolutional layers reduce the features space from preceding layers. We pretrain the convolutional layers on the ImageNet classification
task at half the resolution (224 x 224 input image) and then double the resolution for detection.

* Freeware, open source

* inCand Python

* OpenCV / CUDA

e CPU and GPU supported

e Changable input dimensions



The YOLO model
on birdsong spectrogram

soundfile

spectrogram
(320 x 160 pixels)
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xeno-canto COTTTS

=\ o o WO LR ) IR A N AR

Sharing bird sounds from around the world

About v/ Explore v Upload Sounds Forum Mysteries Articles




The teaching-testing database

* Annotated collared flycatcher songs and syllables
e Diverse quality

* From many years

* Weather conditions

e Early and late season

» Different populations

_ Song database Syllable database

Samples 6147 41229
Collared flycatcher 56 % 56%
Test % 10 % 10%



Teaching on Wigner GPU cluster

&(m—l E n E r @g NVidia GeForce GTX 1080 Ti

NVIDIA.
Tracing:
* Loss function
* |0OU (Intersection of Union):
loU: 0.4034 loU: 0.7330 loU: 0.9264

Area of Overlap
loU =

Area of Union

Poor Good Excellent
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Results

Song detection

Average loss:
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Syllable detection

Average loss:
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Examples for
detection of songs




Examples for
detection of syllables




Application and further steps

* First try on recordings from 2018:

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

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

223322333933339>

1999 2004 2019
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