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Automation in bat

detectors and call
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Setting the scene

® investigations of bat sonar systems

e intensive research on acoustics and ecology (Griffin
1960, Pye 1973, Pye 1979, Ahlen 1981, Fenton
- 1981, Barclay 1982, Weid 1985, Fenton 1988, ...)
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INCcreased needs

e society, NGOs and government need reliable data
for planning

e sampling locations/requests get more elaborate
¢ |ong-term monitoring

ad y Saligs s X | L Sl i [ "5 T # .
. p H ¢ B ale ~N TI | r =
LI _"“s tE"!' W .'I| '& ".IT" .‘: ~ ._:L‘l... -.‘. Ly ﬁ:r A\ AA E(,‘- JI '.\l.f L¢ ?' P

Sonntag, 5. Dezember 2010



lNCcreased needqgs

e society, NGOs and government need reliable data
for planning

e sampling locations/requests get more elaborate

® |ong-term monitoring

¢ sites like nacelles of wind turbines, motorway borders, ...

® nature consultants need tools for surveys that are

® cconomical

unbiased collection and
objective analysis
of activity data

e qutomatic

e fool-proof ‘
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Why automation®

Large data sets in monitoring
reproducible, comparable data

improved surveys
e multiple sampling sites at the same time

* higher rate of sampling possible (not only a few nights)
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Why automation

e | arge data sets in monitoring
e reproducible, comparable data

® mproved surveys

e multiple sampling sites at the same time

e higher rate of sampling possible (not only a few nights)

e Economical: example based on batcorder

Manual detection / analyis IAutomatic detection/analysis

Time |[Basis [Sum Time [Basis [Sum
Field work 128 hrs 45.- € [5760.- € |Deploymentof2 |32 hrs 45.- € [1440.- €
(16 nights 4 8 batcorders (16 x 2
hours) -

Difference: 4640€

Analysis of 40 hrs {40.- € [1600.- € |Database import, | 32 hrs 40.- € [1280.- €
800 recordings analysis & control
(20/hr) (2 hr / night)
©Overall 7360.- € (Overall 2720.- €
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| evels of automation

e unattended recording of activity in the field
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Requirements for
automated detection

® rcliable and comparable data

e objective triggering/detection

e omnidirectional for all
frequencies
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Requirements for
automated detection

® reliable and comparable data e the user wants

e objective triggering/detection e independent/long runtime

e omnidirectional for all e weather-proof / robust

frequencies e low price
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Current solutions for
unattended recording

e div. simple solutions (Horchboxen etc.)

e Anabat SD2 (Titley)
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Anabat SD?2

® Specs
e frequency-division and

zero-crossing analysis

e Pros

e very small data amounts
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BATLOGGER

® Specs
e Samplerate 312.5kHz, 16 bit |
e SDHC/SD memory card \\\\‘\\\'\\,
| ||#1628 26°C. ammm|
* Pros va————
e Builtin GPS
e small, good for hand-held usage

e database available with automatic analysis

e different trigger functions

e (Cons

e not calibrated

e |ow sampling rate

e |ow runtime (18 hrs.)

e directional microphone batlogger.ch

Sonntag, 5. Dezember 2010



SM2Bat

e Specs
e Samplerate 192 kHz (stereo), 384 kHz (mono), 16 bit
e SDHC/SD memory cards

e Pros
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Pettersson D500x

® SPECS
e Samplerate 300/500 kHz, 16 bit
e CF memory cards

* Pros
* high data storage (4 cards)
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patcoraer

® SPECS
e Samplerate 500 kHz, 16 bit
e SDHC memory card
2iabios.
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Proplems

® microphone ® case of use

e directionality and its setup e installation in the field, in

e frequency response Race e
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Perspectives

e sensitivity/microphone calibration

e auto-calibration (for the batcorder)

e pattery and storage technology

" n n n n
e Jonager runtime while high quality recordings
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Acoustic identification
of bats

¢ listening to calls through heterodyne, frequency division or
time expansion systems

e using frequencies and rhythm
e highly subjective
e put better integration possible
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Analysis of recordings

e computerized analysis

® specirum, sonagram, ...

N
o

‘® manual measurement of single calls
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http://www.batecho.eu
http://www.batecho.eu

Analysis of recordings

frequency

e computerized analysis

® specirum, sonagram, ...
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e manual measurement of single calls
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Analysis of recordings

e computerized analysis

® specirum, sonagram, ...
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* manual measurement of single calls
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Analysis of recordings

e computerized analysis

® specirum, sonagram, ...
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* manual measurement of single calls
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Analysis of recordings

A MM || Sonagram 051009-LAUFENXXX. .,

P. pipistrellus 72 - 24

® P, nathusii
Power (P. pipistrellus)
—Power (P. nathusil)
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1690084 m / 14,16 bz

6
Duration (ms)
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Analysis of recordings

e computerized analysis

® specirum, sonagram, ...
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* manual measurement of single calls
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Analysis of recordings

e computerized analysis

sLucmecliun | |
very time consuming

e manual f error-prone w/o statistical |
analysis
users w/o experience”
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Automatic |ID: Features

e Finding calls

e automatic extraction of possible calls

e Call representation

e description of each call: measurements, image, ...
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Automatic ID: Problems

e Automated measuring and value extraction

e quality of recordings, echos, call fragments, ...
e speed/time for measuring

e Statistical analysis

2e® dlfferent algonthms per caII per sequence, we|ght|ng
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Automatic ID: Problems

e Automated measuring and value extraction

e quality of recordings, echos, call fragments, ...
e speed/time for measuring

e Statistical analysis

2e® dlfferent algonthms per caII per sequence, we|ght|ng
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Automatic ID: Problems
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Automatic ID: Problems

e Automated measuring and value extraction

e quality of recordings, echos, call fragments, ...
e speed/time for measuring

e Statistical analysis

2e® dlfferent algonthms per caII per sequence, we|ght|ng
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Automatic |1D: Problems

P. pipistrellus

® P, nathusii
Power (P. pipistrellus)
Power (P. nathusil)

-~~~
N
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Duration (ms)

e number of species, order of species, ... and all the noise
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Automatic |1D: Problems

reference set

P. pipistrellus

® P, nathusii
Power (P. pipistrellus)
Power (P. nathusil)

complete call spectrum

4 6 8
Duration (ms)

e number of species, order of species, ... and all the noise
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Automatic |1D: Problems

P. pipistrellus

® P, nathusii
Power (P. pipistrellus)
Power (P. nathusil)
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Duration (ms)

e number of species, order of species, ... and all the noise
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Automatic |1D: Problems

P. pipistrellus

® P, nathusi
Power (P. pipistrellus)
Power (P. nathusil)

Duration (ms)

e number of species, order of species, ... and all the noise
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Automatic ID: Problems

e Automated measuring and value extraction

e quality of recordings, echos, call fragments, ...
e speed/time for measuring

e Statistical analysis

2e® dlfferent algonthms per caII per sequence, we|ght|ng
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Automatic |1D: Problems

OO O 220606-bc-04-0058.raw

Cout e

Drucken PDF speichern Bild speichern Vorheriger Ruf Nachster Ruf Vorherige Aufnahme Nachste Aufnahme
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27.49 kHz

€ )
Schliessen /Dokumente/Aufnahmen_batcorder/Schweiz/bc04/062206/220606-bc-04-0058.raw Speichern
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Automatic |1D: Problems

OO O 220606-bc-04-0025.raw

SN

Drucken PDF speichern Bild speichern Vorheriger Ruf Nachster Ruf Vorherige Aufnahme Nachste Aufnahme

43.50 kHz

.
»

— N N N N N N R

2MSs

€ )
Schliessen /Dokumente/Aufnahmen_batcorder/Schweiz/bc04/062206/220606-bc-04-0025.raw Speichern
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Analysis noise

Frequency of confusion of single calls based on OOB of randomForest

Nyctief

A
\
\

Tten
»

Pipistrelloic
Sozial

Sonntag, 5. Dezember 2010



Data interpretation and
utilization

e Error rate leads to a certain amount of falsely
identitfied species

e that is how probabilities work

e hierarchical procedure as in batldent helpful in overlapping
iipiasacallsienonioiic st dtes et e e e e
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Dealing with noise:
numan vs. machine

e Manual analysis
e context information is used

e we know species A was recorded 5 seconds ago and
can use this information
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HOW gOood are human
experts?

e manual control not possible for larger data
Sets

ol o e

- ¢ wetakabout 10.000 recordings or more




HOW good are human
experts?

Table 1. Summary classification rates of bat recordings, assessed by using sensitivity (recordings correctly classified) and positive pre-
dictive power (PPP; predictions that were actually recordings of that species) for humans and artificial neural networks (ANNSs).

Taxon

=z
*

Humans

ANNs

Number of
confusion species

Median percent
sensitivity

Median percent
PPP

Percent
sensitivity

Percent
PPP

Rhinolophus ferrumequinum
Rhinolophus hipposideros
Rhinolophus (to genus)

Myotis brandtii (Eversmann, 1845)
Myotis mystacinus (Kuhl, 1817)
Myotis bechsteinii (Kuhl, 1817)
Mpyotis nattereri (Kuhl, 1817)
Myotis daubentonii

Mpyotis (to genus)

Pipistrellus pipistrellus
Pipistrellus pygmaeus
Pipistrellus (to genus)

Nyctalus leisleri

Nyctalus noctula

Nyctalus (to genus)

Eptesicus serotinus

Barbastella barbarstellus
Plecotus auritus (L., 1758)
Plecotus® (to genus)

W WiNhpApAANWLWWLWWBMMNDW =L & WA

100 (100-100)
100 (100-100)
100 (100-100)
17 (0-33)

15 (0-25)

6 (0-25)

75 (45-95)
40 (20-60)
95 (86-100)
100 (100-100)
100 (100-100)
100 (100-100)
33 (0-67)
100 (100-100)
67 (67-83)
50 (50-75)

0 (0-100)
67 (50-100)
100 (67-100)

100 (100-100)
100 (100-100)
100 (100-100)
18 (0-33)

20 (0-32)

5 (0-39)

67 (50-89)
40 (25-45)
95 (92-100)
100 (100-100)
100 (100-100)
100 (100-100)
67 (0-100)
75 (75-100)
100 (80-100)
67 (53-75)

0 (0-100)
55 (43-67)
50 (40-65)

100
100
100
67"
0

0
80
30
100
100
100
100
33
100
75
88"
50
83
83

100
100
100
22
0

+
*

53
38
100
100
100
100
100
86
100
78¢
50
63
63

From: Human vs. machine: identification of bat species from their echolocation calls by humans and by artificial
neural networks; N. Jennings, S. Parsons, and M.J.O. Pocock 2008
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Avallaple tools

e Omnibat (Ecocom, Sweden)
- * Batscope (Martin Obrist, WSL)
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. PN RESE. & OMNIBAT

e available since 2010: http//www.omnibat.se

e \works with all file formats

e internally transformed to 10x time expanded format

e includes 10 spemes and ! genus (Myot/s) focused on northern species
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BatSCOpe \\&;\\\\\‘

e Experience based on BATIT (since ~1995), avail since Nov. 2010

e (Optimized for the BATLOGGER

o 24 species and genus Plecotus

e all swiss species, w/o N. lasiopterus
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pbatldent

M species coverage '." reference calls

e former bcDiscriminator (since 2006)

e needs measurement files

e currently from bcAdmin or bcAnalyze

e containing ~100 derived parameters
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pbatldent

Q.\l‘, T -...“; s -. Si=t ?- -~ 4 ' P, | RN AN Cakas 3 - Aled o : a1 Rie . ~ ,t‘,
e 2 BT Lt Sl a '-!.""..4- SR« L B e T e 4 - o |

‘ Bbar ' ‘ Plecotus ' ‘ Pipistrelloid ’ PlplstrellusSoz ' ' Myotis ' Nyctaloid ‘ Rhinolophus ’

Phoch | Mmyo ’ Mdas ' ’ Mnat [ Malc — Mema ' Nyctlef [ Nycmi ' Enll | Rhoch | Rfer }

Sonntag, 5. Dezember 2010



pbatldent
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pbatldent
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pbatldent

e _('31. y . 7 i 3 " . y . > . A 3 Ty ",".- £ -'- 7 iy o v

| Ptief } 'l Mmyo ’ ‘ Mdas ’ 4 Mkm 1 Mnat ' ‘ Malc ’ ' Mema

‘ Ppip Ppyg Mdau Mbart Mbec Nnoc Tten

Sonntag, 5. Dezember 2010



Software comparison

e All applications are fast and allow manual control/insights ->
no black box!

e |nput files

e Omnibat broadest
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What we’ve learnead

e patcorder and our software Is used since 2004

e software used with other hardware as well

e tuning software to hardware improves quality
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Perspectives

e Regional species composition
e taking species distribution into account
e dangerous, but can improve performance
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summary

e Most species can be acoustically detected

e Automation
e more economical data collection
e necessary for comparisons of locations, habitat usage surveys and monitoring

Sonntag, 5. Dezember 2010



Thank you!
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