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Research

200+ research papers (2 books, 60+ journal articles)
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Animal Communication

1. Diverse Methods
Animals emplayde ramjenethods to communicy

A Acoustic EmisSionsds |Kecalizatigrarks, how (@8
chirps, and soSgspL/atioPsummiregc. |

A Body Langirmgtures, gestures, facial expresi
movements.

A Chemical Sigrlagsomones and scents.
A Visual Sigredi$ors, patterns, and displays. ¥
A Tactile Sigialach, grooming, and vibrations. &8




Animal Communication

2. Purposeful
Communication serves various purposes:

ASocial Bonditgintaining group cohesion and .;7»:: i
AReproductigtiracting mates and defending tergll
AFood AcquisEioding and sharing food resourd
AAvoiding Predakesning others of danger.

ANavigati®oviding directions and guiding grod
movement.




Animal Communication
3. Speckpecifi€Communication methods are often unique to specific spevrdstioategzting
history and ecological needs

4. Contektependemhe meaning of a signal can vary depending on the context, such as t
environmental conditionglatdhnehip between the sender and receiver

5. Evolvirgnimal communication is not statbjet csponse to changing environmental pre
and social dynamics.

6. Compl&xhile some forms of animal communication may seem simple, they can invol
signals antkrpretations

7. Inte6bpecies Communicétiole most communication occurs within a species, there are
Interspecies communjcictnagmbiotielationshippi@datgareynteractions.
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Information Extraction

x Behaviotin-Concepts Translation
=>interpretatiamderstangliofgmultiple sets of (subjective) observations of behaviours in a

X The ML perspective
=> resourcésatasets), i.e. comprehensive sets of E@esa@bye
=> referenc@agsvalues), i.e. an agreement that specific sets of observations relate to c
=>predictior(pest guess or multiple guesses) demadadmpoels (or distances), |je.qoletsing
of categories or values



Information Extraction

x Behaviotin-Concepts Translation
=>interpretation (understanding) of multiple sets of (subjective) observations of behavio

X The ML perspective

=> resourcésatasets), i.e. comprehensive sets of E@esaatye

=> referenc@agsvalues), i.e. an agreement that specific sets of observations relate to c
=>predictior(pest guess or multiple guesses) based on pretrained pnredeisonbtgyawsivi

® o
@ ..
o .b‘ _ o. discrete
. 0 StZFVSatlono predictions categories
g or values




Information Extraction

Animal Communicatibuitisnodal

Audio Emissions

+ Linetsight is not mandatory

Not dependent angidyuminosity

Produced in various ways

Flexible information encoding

Universal (sensitivity to acoustic vibrations)

Doesndt require collaborati on,
PAM is OK for now!

+ + + + + +

udi o Vv s. Vi si on, Tacti |l e, Chemi cal é
Partial information
Lower communication range
Less reliable

ot 3 D >



Computational Bioacoustics

Electronics and
Ecology Microelectronics

Communication

Biology Computational Technology
Bioacoustics
Signal
Bioacoustics Processing

Power | Computer

Sources h Science




Computational Bioacoustics

https://wallpapers.com/

V Observation data are recaraledaneriaédr many years. ~

V Reduces subjectealiows independenceudification andafkiie
observer.

V Automated tools can help improve taxorianid efiidceheyused to a
taxonomists and@eraomists in identifying speiesstaiagurveys

V Automation of species idengficsieadhebiodiversity assessment
andmprove the efficofreoypdetbour

V Allow leteym monitoring without a humaneaioseiveous obsergftiorr
remote habitats.

V Automated technology cand#iaskebiccessrdangerous areas
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Observations
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Time [s]

We can apply thérdguency decomp&itigfah a-5ec excerpt



Frequency [kHz]
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Frequency [kHz]

Annotated Spectrogram
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Frequency [kHz]

Annotated Spectrogram
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Onespecies detection

User Interface

—
—p—— <filename>
User ——Pp—— <species> name | reposltory

Yes, <species> sounds were
detected in <filename>
One-species

—_—g— | O —— .
: . detection tool
<species> was not detected in D
hw

Database\




Species identification

User Interface

-

2 e
—p— <filename> Data
User repository
<filename> contains sounds of - c N
<speciesK> Database
—_—— O ——4&— Species

None of the known species were iden'iific:ltion
00




Multlabel species identification

User Interface

> <filename> > Data

User repository
<filename> contains p c .
<species1> Database
<H A Multi-label

< . < species

<speciesM> identification tool
or li
No known species detected in




Oneategory recognition

User Interface

. ——
. <filename> Data
User - <category> (birds, bats, repository
anurans, insects, ...) t
<filename> ( Database
<category><Start_time_1><End_time_1> <catope
¢ | <category> <Start_time_2><End_time_2> - A
<category><Start_time_3><End_time_3> reci%rglltlon
or ¥ J
No <category> sounds found in




Onespecies recognition

—p— <filename>

User

—-—

. repositor

—p—— <species> name | P y
<species> events found in <filename> _ :

<Start_time_1> <End_time_1> Database|
<Start_time_2> <End_time_2> Species
—_— | ... <€4— recognition
- tool
<species> sounds were not detected in ﬁ ’




Oneategory recognition

User Interface

S

—»— <filename>
User 80 > fanurans, nsects, o). S
¢
<filename> f Database\
e i P T <category>
—4 <categorz> <Start_time_3><End_time_3> — recc;gr;iltion
or . y

No <category> sounds found in




User

User Interface

Multspeciediarization

—»— <filename>
<filename> diary
<species1> <Start_time_1> <End_time_1>
<species2> <Start_time_1> <End_time_1>
——&— | <species1> <Start_time_2> <End_time_2>

<speciesM> <Start_time_1> <End_time_1>
or
No known species detected in <filename>

_—_—
Data
repository

\
Database

. Species
diarization tool

\/\

Ll



Localization and tracking of individuals

—
Data
repository

<filename> diary 3

f )

—Pp— <filename>

User

<species1><Start_time_1><End_time_1><DOA1><El1><P1> Databa

<species2><Start_time_1><End_time_1><DOA1><El1><P1>

<species1><Start_time_2><End_time_2><DOA2><E[2><P2> Species
— —&~ localization and

<unknown><Start_time_1><End_time_1><DOA1><El1><P1> tracking tool

<species1><Start_time_3><End_time_3><DOA3><EI3><P3>

or

No known species detected in <filename>




Sound event type recognition

User > <filename> Data
> <species> name \ repository
<filename> contains sounds of i Database\
<species> <call2> <Start_timel> <End_timel>
« <species> <song3> <Start_time2> <End_time2> ——<¢— Sound event

<species> <calll> <Start_time3> <End_time3> type
recognition
<species> <songl> <Start_timeK> <End_timeK> i |
or
None of the known song types of <species>
were found in <filename>




Quenpyexample search

User Interface

<filename>

Y

User

—
Data
B <exemplary sound event> repository
<filename> contains sounds of \ 2
<sound event> <Start_timel> <End_timel> Database
<sound event> <Start_time2> <End_time2> | 4

Sound event
<sound event> <Start_timeK> <End_timeK> recognition

or L

<sound event> not found in <filename>




Frequency [kHz]

Spectrogram

RN TR T R YA RN TR RGN RER T LN L DA D f‘ L ;""'5”'
. “ ‘ i' )\ “’:"' 'U [&‘n”“ ) jd , ! ‘L'..‘\ LR \{'“ ""w‘ﬂl | \“ by ’.*4 M ,\” a, ['n ’ t ;
, J‘ "‘ Y l"/’~ "' .’ !'M"\, ( ”' ,\,,h],h A B Y L g kg 4 1 :’ 1 ,‘JI" i lj { l “’ ! [ |




Frequency [kHZ]

Regions of Interest

Digital audio signal

Audio pre-filtering

\

Segmentation

Pre-processing
‘+t———————— 3

Y

Band-limited audio recording

Audio chunks with duration
of

| Time-frequency decomposition |

Y

| Computing row-specific thresholds |

[

Thresholding the spectrogram

Y

[

Morphological processing

\

processing of the spectrogram

[

Global threshold estimation

J

\

[

Thresholding the spectrogram

)

\

| frequency bin of the spectrogram

| Selectively filtered spectrogram

| average value of morphologically

Audio spectrogram for the
current audio chunk

Row-specific threshold for each

Thresholded spectrogram

Global threshold proportional to the

filtered spectrogram

Pixels with low brightness
are eliminated

[ Capturing regions

of interests (ROI) ]

\

Estimation of descriptors

Audio descriptors

it

ROl-based descriptors

Selected regions of interest
on the cleaned spectrogram

Computed audio descriptors
for each ROI




Frequency [kHz]

Points of Interest




Points of Interest

Frequency [kHz]

Pre-processing

2-D processing of the spectrogram

Audio

descriptors
T 4 ————————

0.5 1 1.5 2 2.5 3 3.5 4 4.5
Time [s]

Digital audio signal

[ Audio pre-filtering

Band-limited audio recording

( Audio Segmentation

Audio chunks with duration
of several seconds

[ Time-frequency decomposition

Audio spectrogram for the
current audio chunk

Fifty frequency subbands for
further processing

Estimated dominant orientation
of center pixels in the subbands

Y

Eigenvalues computation
of characteristic polynomial of M

Mean matrix, M, computed for a
set of struclture tensors

Computed eigenvalues of
characteristic polynomial of the
mean matrix M

Computed attention value a(k.l) for
the central pixels of each subband

[ Histogram of attention values

Estimated local threshold 6,

[ Applying threshold on a(k,/)

[ Estimation of audio descriptors

Computed points of interest in the
spectrogram

POIl-based descriptors

Computed audio descriptors
for each point of interest




Robust Frame Selection
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