\® BEEP

Audio analysis and BEEP

Wouter Brok / BEEP meetup / 26012019

* Elements of sound
* History / commercial / academic

e Within the context of BEEP

Tests done so far . QT
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Elements of sound ¥ B E E P

Background sound ¥s. communication signals

NAirborne sound vs<substrate vibrations
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cf. Insect Sounds and Communication: Physiology, Behaviour, L A P

Ecology, and Evolution. edited by Sakis Drosopoulos, Michael F. r-
Claridge, CRC Press, 2005. url.
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https://books.google.nl/books?id=APPLBQAAQBAJ

Audio analysis in history

* Virgil — Georgics IV (BC)
e E.K. Eskov (1970s)

3BYKOBOY ®OH NUEAUHON CEMbH
E. K EChKOB

Hayiro-uccredosareabckuntld UACTUTYT ndea0803cTeR
(2. Pubnoe Praancxod obrocru)

3pyroPoH (JOH CeMbH, HAXOUAMENCA B HOPMAALHOM COCTOSHHAYH, JEHT B
Ananaaone wactor or 20 mo HR2000 ey (annaME4ecKAd AHANA30H KHTSHCHBHO-
crei 40-96) . (CrabunsHEle HaCTOTHRE COCTABIAOIUME JEXAT B AMINAI0HE 0T 60 10
500 z¢4. CnekrpanpHuie TIOKa3aTeld 3BYKOBORO (JOHA MMET USTKO BHPaXeHHYIO
CEANHEYIO MpEAHREOrTs, COOTHOMERNe RUTERCHENOCTER YACTOTHHX KOMIUHEH-
TOB B CTaOHJLHON 30HE CHEKTPa 3aKOHOMEPHO HAMEHASTCH B CBASH C MIMEHEHH-
eM GHONOrHYeCROrs COCTOAMMA MHeAHHOH ceMbH, ¥T0 MOMXeT GHTh HCIOABSOBAND
CPAKTHIECKAM M efOROTLTBOM. tlexoTophie SEYKH, U3 KOTOPHIX CKIAARBACTCS
3BYK0BOH (OH Yapd, MOTYT AMEr: ANA €r0 OOHTATENSHM CHrHAJLHOS 3HAYSHHE.
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Audio analysis in history

* Virgil — Georgics IV (BC)
e E.K. Eskov (1970s)
* E.F. Woods — Apidictor (1950s)
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Modern Apidictors

 OSBeeHives (US)

* Arnia (UK)

* Apivox Auditor (RU)
e ...others cf.osseemves@'

fnio

remote hive monitoring

opensourcebeehives.com

""" cf. Arnia website

x -l & R M
cf. Apivox Auditor website

SWARM with Warble
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https://www.apivoxauditor.com/
https://www.osbeehives.com/
https://www.arnia.co.uk/

Literature A\ B E E P

* There is lots of scientific literature available

* Mostly on communication (tooting, piping, etc.) and
on identifying swarming events

e List of papers found

so far is available in El
case you are interested :::
* 100-600 Hzis a very .
interesting frequency 5-
window !! T e e T,
(see next slide) Puc. 1. Cocmosnue cemei: 1 — padouee; 2 —

NnO020MOBKA K POCHUIO; 3 — 6bIX00 POA

See for example: hyperlink
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http://o-paceke.ru/po-ih-akusticheskomu-shumu/

Sound map A\ BEEP

During summer

Beehive ventilation - _ Degree of
Intensifies with: Activity of the beehive excitation and

* Nectar evaporation recruitment

* CO, level too high phenomenon

* Overheating during honey
Flight and honey collection flow

100 150 200 250 300 350 400 450 500 Hz

Higher frequency indicates higher intensity / excitement.
Greater amplitude indicates that more bees are involved in this work.

cf. Apivox Auditor website
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https://www.apivoxauditor.com/

Within the context of BEEP K B E EP

* Sensor system requirements:
— Accessible and affordable: low bill of materials
— Deployable in “remote” places: low power, high range radio
* You can only have two out of three characteristics:
long distance, high bandwidth, and/or low power

 Low power wide area (LPWA) networks have limited
bandwidth, but enable low power and high range.

 LoRaWAN (anno 2015) satisfies these requirement.

 Bandwidth worst case: 14 packages of 51 bytes per
day.

cf. Usman Raza et al., IEEE Communications Surveys & Tutorials, 19(2), p855, 2017
cf. Semtech LoRa Model Calculator Tool / TTN fair use policy



Challenges ¥ BEEP

* How to extract and recognize relevant features
related to the status of the hive

e How to encode such that relevant information is
maintained but the data is shrunk in order to be
wirelessly transmitted and stored.

— How much processing needs to be done in the
sensor node ??




So ... Let’s try it D\ BEEP

The Hiveeyes Community

Using the Adafruit Feather MO LoRa (RFM95) and TTN

G clemens @ 94 Oct'17
For a first LoRaWaN-Test | used the Adafruit Feather MO with RFMO5 LoRa &5 as Hardware to send test
data to The Things Network 13 .

There are some tutorials out for the Feather LoRa. Be aware that you get this device in two flavors: The
“32u4” with an ATmega32ud as processor and the “MO” with ATSAMD21G18 ARM Cortex MO.

For memory reasons and for the option recording sound via the 125 interface 10 | would recommend the
Mo!
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I’mplemen&ation ¥ B E E P

THE THINGS

NETWORK
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© BEEP

Feather MO LoRa data / Wouter Brok / 27 Aug - 03 Sep 2018
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Spectral density (logg)



© BEEP

Feather MO LoRa data / Wouter Brok / 03 - 10 Sep 2018

Mon 03 Sep Tue 04 Sep Wed 05 Sep Thu 06 Sep Fri 07 Sep Sat 08 Sep Sun 09 Sep Mon 10 Sep

Frequency (Hz
L
=y
o]
i el gl ol ol il g
[=a ] (R s e (RIS =]

T T T I [ AT e T % .
Lt T n A e T T T A 537586 HE

e e e A e N e e e e e e T e S a S A

N v : Lo P P : 555 e
430468 Hz
391439 Hx

342-391 Hz

146-195 Hz

Spectral density (logyq)

G8-146 Hz
1

L
(W]

L
(=]

25 |

SPL (dB)

Temperature (°C)

20

048121620 0 4 8121620 0 4 8121620 0 4 8121620 0 4 8121620 0 4 8121620 0 4 8121620 0 4 8121620

Time (hours)

Wouter Brok / 26 January 2019

Spectral density (log1g)



Further analysis K B E E P

* Principle component analysis showed sensitivity to
certain events

pca 1l and pca 2
—— pcal
pca 2
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Courtesy Daan Bijkerk
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e Amount of data is too limited to be conclusive

 How/where to process data is completely open gé);

Wouter Brok / 26 January 2019



Conclusion / Outlook W B EEP

* Looking at sparse FFT data already gives interesting
information: e.g. when the feeder is empty.

* Key question: how much processing in
the sensor node and which data to make
available for further processing?

* Much to do in terms of hardware
choice, algorithms on the sensor
node, server-side data processing,
data labelling, etc.
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