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Animal Communication

. Diverse Methods
Animals employ a wide range of methods to communicate:

o Acoustic Fmissions: Sounds like Vocalizations (barks, howls,
chirps, and songs), Stridulations, Drumming, etc.

Body [anguage: Postures, gestures, facial expressions, and
movements.

Lhemical Signals: Pheromaones and scents.

Visual Signals: Colors, patterns, and displays.

[actile Signals: Touch, grooming, and vibrations.




Animal Communication

2. Burposeful
Communication serves various purposes:

o Social Fonding Maintaining group cohesion and cooperation.
e feproduction. Mtracting mates and defending territories.

o food Acguisition Finding and sharing food resources.

o Avaiding FPredators. Warning others of danger.

o Navigation Providing directions and guiding group
movement.




Animal Communication
3. Species-dpecific: Communication methods are often unique to specific species, reflecting their evolutionary
history and ecological needs.

4. Context-Dependent: The meaning of a signal can vary depending on the context, such as the social hierarchy.
environmental conditions, or the relationship between the sender and receiver.

3. Evolving: Animal communication is not static; it can evolve in response to changing environmental pressures
and social dynamics.

B. Complex: While some forms of animal communication may seem simple, they can involve intricate systems of
signals and interpretations.

1. Inter-Species Communication: While most communication occurs within a species, there are examples of
inter-species communication, such as symbiotic relationships or predator-prey interactions.
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(Animal) Communication

Squirrel l

This Photo by Unknown Author is licensed under CC BY
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https://www.frontiersin.org/articles/10.3389/fncel.2015.00257/full
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(Animal) Communication

Lion

Chimpanzee

This Photo by Unknown Author is licensed under CC BY
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https://www.frontiersin.org/articles/10.3389/fncel.2015.00257/full
https://creativecommons.org/licenses/by/3.0/
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+¢ Behaviour-to-Concepts Translation
=> interpretation (understanding) of multiple sets of (subjective) observations of behaviours in a certain context
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+¢ Behaviour-to-Concepts Translation
=> interpretation (understanding) of multiple sets of (subjective) observations of behaviours in a certain context

* The ML perspective
=> resources (datasets), i.e. comprehensive sets of representative observations
=> references (tags, values), i.e. an agreement that specific sets of observations relate to certain intentions or actions
=> predictions (best guess or multiple guesses) based on pre-trained models (or distances), i.e. plausible predictions
of categories or values




Information Extraction

+¢ Behaviour-to-Concepts Translation
=> interpretation (understanding) of multiple sets of (subjective) observations of behaviours in certain context

* The ML perspective
=> resources (datasets), i.e. comprehensive sets of representative observations
=> references (tags, values), i.e. an agreement that specific sets of observations relate to certain intentions or actions
=> predictions (best guess or multiple quesses) based on pretrained models, i.e. plausible predictions of tags or values

o ° - ¢
¢ : ‘ _ .'. discrete
. f sil;vitmns predictions  categories
: or values




Information Extraction

Animal Communication is Multimodal

Audio Emissions

+ Line-of-sight is not mandatory

Not dependent on day-night luminosity
Iroduced in various ways

lexible information encoding

Iniversal (sensitivity to acoustic vibrations)
Joesn't require collaboration,

PAM is 0K far now!

+ + + + + +

Audio vs. Vision, Tactile, Chemical...
—  Partial information

— Lower communication range

— less reliable
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Computational Bioacoustics

https://wallpapers.com/

v" [Ibservation data are recorded and can be verified after many years. -

v" Reduces subjectivity, i.e. allows independence of the qualification and skills of the
nbserver.

v" Automated tools can help improve taxonomic efficiency - and could be used to aid
taxonomists and para-taxonomists in identifying species during large-scale surveys.

v" Automation of species identification can speed up the biodiversity assessment process
and improve the efficiency of expert labour.

v' Mlow long-term monitoring without a human observer, ie. continuous observation of -
remote habitats.

v" Automated technology can be used in difficult-to-access or dangerous areas.
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We can apply the Time-frequency decompaosition (STDFT) on a a-sec excerpt
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Frequency [kHz]

Annotated Spectrogram
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Annotated Spectrogram
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Question(s) 7!

Well, this wasn't the correct answer but what is the question?
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One-species 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

—Pp— <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




Multi-label 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




One-category 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




One-species recognition

. ."

—p— <filename>

User : repositor

—p— <species> name P y
<species> events found in <filename> p : N
<Start_time_1> <End_time_1> » Database
<Start_time_2> <End_time_2> Species

— g | - <4— recognition
or m tool
<species> sounds were not detected in = =

M




One-category recognition

User Interface

>
—p— <filename> | T
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

Multi-species diarization

—>—

<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

—Pp— <filename>

User

—
Data
repository

<filename> diary 3

f )

<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 Interface

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>




Query-by-example search

User Interface

Usar > <filename> 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>
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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
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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




Pre-processing
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Parameterization
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Post-processit

Digital audio signal

( Audio pre-filtering ]

L/

Band-limited audio

[ Segmentation ]

L/

Audio segments with duration
in the range of tens of seconds

[ Time-frequency decomposition ]

[ Morphological processing ]

F/

( Histogram estimation ]

Lf/

( Applying threshold ]

L//

[ Coefficients-to-energy transform |

| A—

Audio spectrogram for the

current segment

Enhanced audio spectrogram

Estimated decision threshold

Selected regions of interest

Energy distribution over
the selected regions

[ Frequency warping, filter-bank ]

 A—

[ Dynamic range compression |

Energy distribution over the
Mel-warped frequency range

Compressed amplitude
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( Decorrelation )
Mel-frequency cepstral
F/ coefficients
[ Statistical standardization |
Z-scores
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A Traditional Approach

Photo: Eharacteristic habitat of Vanellus Lhilensis [smpronotus at the Pantanal wetlands (Brazil).
Courtesy of Dr Olaf Jahn
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Automated Sound Recognition Provides

Traditional approaches (when domain knowledge is available) Insights into the Behavioral Ecology of a
Tropical Bird

Olaf Jahn'2*, Todor D. Ganchev'-3, Marinez I. Marques'*, Karl-L. Schuchmann'->**°

1 National Institute for Science and Technology in Wetlands (INAU), Science without Borders Program,
Federal University of Mato Grosso (UFMT), Cuiaba, Mato Grosso, Brazil, 2 Zoological Research Museum A.
Koenig (ZFMK), Bonn, North Rhine-Westphalia, Germany, 3 Department of Computer Science and

Engineering, Technical University of Varna, Varna, Varna, Bulgaria, 4 Institute of Biosciences, UFMT,
Q Cuiaba, Mato Grosso, Brazil, 5 University of Bonn, Bonn, North Rhine-Westphalia, Germany
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RESEARCH ARTICLE

Automated Sound Recognition Provides
Insights into the Behavioral Ecology of a
Tropical Bird

Olaf Jahn'2*, Todor D. Ganchev'-3, Marinez I. Marques'*, Karl-L. Schuchmann'->**°

1 National Institute for Science and Technology in Wetlands (INAU), Science without Borders Program,
Federal University of Mato Grosso (UFMT), Cuiaba, Mato Grosso, Brazil, 2 Zoological Research Museum A.
Koenig (ZFMK), Bonn, North Rhine-Westphalia, Germany, 3 Department of Computer Science and
Engineering, Technical University of Varna, Varna, Varna, Bulgaria, 4 Institute of Biosciences, UFMT,
Cuiaba, Mato Grosso, Brazil, 5 University of Bonn, Bonn, North Rhine-Westphalia, Germany

A: The acoustic activity detections on “per hour” basis for
the three months of interest (June, July, Aug.);

B-D: Monthly proportion of detections of acoustic activity
when monitoring “per quarter hour” for each month ot
interest.
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RESEARCH ARTICLE

Automated Sound Recognition Provides
Insights into the Behavioral Ecology of a
Tropical Bird

Olaf Jahn'2*, Todor D. Ganchev'-3, Marinez I. Marques'*, Karl-L. Schuchmann'->**°

1 National Institute for Science and Technology in Wetlands (INAU), Science without Borders Program,
Federal University of Mato Grosso (UFMT), Cuiaba, Mato Grosso, Brazil, 2 Zoological Research Museum A.
Koenig (ZFMK), Bonn, North Rhine-Westphalia, Germany, 3 Department of Computer Science and
Engineering, Technical University of Varna, Varna, Varna, Bulgaria, 4 Institute of Biosciences, UFMT,
Cuiaba, Mato Grosso, Brazil, 5 University of Bonn, Bonn, North Rhine-Westphalia, Germany

Blue vs red bars = diurnal vs nocturnal activity.
A = occupancy of territory;

B = eqg-laying;

[ = day |2 of incubation;

D = earliest date of hatching;

E = change from downy to juvenile plumage;

F = acquisition of flight (fledging), and

[ = attainment of independence by juveniles.
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") Check for updates

The importance of acoustic background modelling in

E u m p u t a t I u " a I B I u a E n u s t I B s CNN-based detection of the neotropical White-lored Spinetail

(Aves, Passeriformes, Furnaridae)

CNN-based approaches (larger datasets are required) Al G de Oiieira (5, Gabriel de 5. G. Pecroso 5 Matines | Mardues 5+5+

and Karl-L. Schuchmann (52?2 fs

3National Institute for Science and Technology in Wetlands (INAU), Federal University of Mato Grosso
(UFMT), Cuiaba, Brazil; ®Institute of Computing, Federal University of Mato Grosso, Cuiaba, Brazil;
Department of Computer Science and Engineering, Technical University of Varna, Varna, Bulgaria; “Ecology
Department, Alicante University, Alicante, Spain; °Post-Graduate Program in Zoology (PPGZOO/UFMT),
Federal University of Mato Grosso, Cuiabé, Brazil; 'Vertebrate Department (Ornithology), Zoological Research
Museum A. Koenig (ZFMK), Bonn, Germany; 9Faculty of Mathematics and Natural Sciences, University of
Bonn, Bonn, Germany
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- - - The importance of acoustic background modelling in
Computational Bioacoustics § 9 g

CNN-based detection of the neotropical White-lored Spinetail
(Aves, Passeriformes, Furnaridae)

Purposely developed CNN vs ResNet-152 with transfer [earming o o o o e e s e Mo e o

ab Marinez |. Marques
and Karl-L. Schuchmann (220ef9

Accuracy (%) Precision (%) Recall (%)
aNational Institute for Science and Technology in Wetlands (INAU), Federal University of Mato Grosso
no- BG- BG- BG-Wet no- BG- BG- BG-Wet+  no- BG- BG- BG-Wet (UFMT), Cuiaba, Brazil; ®Institute of Computing, Federal University of Mato Grosso, Cuiabd, Brazil;
Model BG Wet Dry +Dry BG Wet  Dry Dry BG Wet Dry +Dry “Department of Computer Science and Engineering, Technical University of Varna, Varna, Bulgaria; “Ecology
Department, Alicante University, Alicante, Spain; *Post-Graduate Program in Zoology (PPGZOO/UFMT),
Proposed 812 769 80.2 84.5 408 347 393 48.4 554 613 58.6 50.4 Federal University of Mato Grosso, Cuiabd, Brazil; 'Vertebrate Department (Ornithology), Zoological Research
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Computational Bioacoustics offers Scalability
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The Arbimon project(s) (200B- )
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The Arbimon project was conceived
and implemented by Prof. M. Aide et al.
University of Puerto Rico, USA

https://arbimon.org/
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The Arbimon project(s) (200B6- )
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The AmiBio pruject (2008-2013), EC LIFE+ "Best-uf-the-Best"
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MAINTENANCE
HYMOO05 Lake Vouliagmeni shore non-charging idle 100 90 0.75
HYMO005-000001  # Fire i Unconfirmed Lake Vouliagmeni shore Link FESSDSTIS: 90 %
14:03 Wind Speed: 42 km/h
HYMO0O06 Lake Vouliagmeni cliff NEEDED non-charging idle 100 90 0.75
HYMO006-000002 # Fire 53:;12'2011 ) Unconfirmed Lake Vouliagmeni cliff Link Test Alert
HYMO007 Xerovrachos cliff m non-charging active 95 10 -7 07
HYM009-000009 ) Fire f?:):z?;;e Confirmed  Ergani marble quarry Link Fire alert test
iopolis cli - j 1 -7 7
Molocross! 28412011 ' HYMO008 Heliopolis cliff m non-charging active 95 10 0
HYM010-000003 2 > Unconfirmed Mount Efzonas | Link Motocross race alert!
race 00:01-00:20
MAINTENANCE
Interdico esse facilisi dignissim. Nulla HYMO09 Ergani marble quarry g non-charging idle 100 90 0.75
2209.2010 valde rusticus metuo macto dolus tum.
HYM011-000013 ¥ Gun shot 16:33- 18:52 Confirmed Mount Efzonas Il Quidem brevitas immitto. Camur

HYMO010 Mount Efzonas | m non-charging active 95 10 -10 0.75
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Thanks!

Part of the work and results reported here were obtained thanks to close collaborations with my dear friends
and colleagues from the Co.BRA team at the Federal University Mato Grosso, Cuiaba, Brazil, among which
Orof. Dr. Charly Schuchmann, Profa. Marinéz |. Marques, Dr. Olat Jahn, Assoc. Prof. Allan G. de Oliveira, Assoc.
Orof. Thiago M. Ventura, Assist. Prof. Cristian P. Granados and many others.

The AmiBio project was implemented during my work at the Artificial Intelligence Group (part of the Wire

Lommunications Laboratory) at the University of Patras, breece, in an excellent collaboration with Prof. llyas
Dotamitis, Prof. losit Mporas, Dr. Otilia Kocsis and many others.




What do you say?

Hl or HO 7

lypothesis test:
1l: Animal communication is a fascinating field - observations reveal the complexity and diversity of the natural world.

H0: Well ..., the available data do not support HI.
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