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Context

* Development of "small" dedicated instruments
» Wildlife monitoring (bio-loggers)
* Environment monitoring

. marine biodiversity
exploitation & conservation

FORMA

Bird Feeder
Camera trap
Weather Station
Underwater
Light Spectrometer

Infrared (thermal)
Camera trap
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Audio + Inertial
Logger
LoRa sensor node



Bird-feeder casing

Context

* Development of dedicated instruments
* Hardware design (electronics, board, mechanical)

* Embedded Software development, driven by:
* Cost

Low-level programmin
e Performance W-ievel programming

(i.e. close to the hardware)
* Power-Consumption

* Medium to large-scale manufacturability
* Electronics/Mechanical integration

* Environmental constraints (e.g., waterproof,

shock-resistant, ...) Audio Logger

collar mount

Audio-loggerindustrial batch production

GNSS Tracker
Ear tag mount



Audio-logger v1 (2017-2019)

First Generation device:

- Audio only
- Waterproof, analog microphone
- Raw ADPCM in-line encoding
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Audio-logger vl
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SD modulator clock frequency 2 MHz With ADPCM compression 6mW
FOSR 32
Sleep/Capture 1.3 610 2.62 4
Sinc filter order X Process
Process 1.8 430 2.55 21%
IOSR ?
Store 27 46 4.10 1
Sample Rate 7.8125kHz Period 4.2s
Fisrt buffering stage 8192 (x2) 32-bit = 64kB Average Power =35.9mW
. Without ADPCM compression
Second buffering stage 16kB
Sleep/Capture 1.3 1019 4.37 1
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. Store 27 46 4.10 1 Store
+
Embedded compressmn beriod e S0%
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Audio-logger XLM - /Audic

« Acceleration
* Magnetic Field

4 N
Digital Microphone 4 h
MCU (STM32)
TA pdm
<€
. 4-\ DFSDM > DMA [{ MEMORY vart/usb
' CPU Computer

A A

SDMMC ADC UART

New challenges

« Memory
management

* Asynchronous events

« Data alignment

« Power consumption



Audio data stream
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DFSDM Peripheral (hardware)

||( Clock generator
C
o - - ICT _____ 24-bit audio samples
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WAV-ADPCM Header Modification

Extra 4-bytes

Ima-adpcm 1-channel 1953792 samples
TIMECODE \ | ©ae87s e
— = 41,680896s
file size — 8 bytes SampleRate Bytes/s
= 0x000F1D34 = 46875 Hz =0x5CD2
_ B _ 990464 bytes / 41,680896s
=990 516 bytes =0xB71B =23762 B/s = 23763 B/s
Bits/sample
=4 - Samplerate * (256/505)
000000Ds W AyV E o f mogto _
Bytes/bloc 00000010 EE=— oo ooz =c oo ool
=0x100 |———=aaaaas Bf al kS t9 04 00 00 00
=256 00000030 al
00000047 80 00 08 g8 s
000000£0 93 41 1F - Step index
00007060 ] 80 49 99 40 OF
& 40 oo_ooaoof Sample[0]
From .IMA (raw samples) |z p4 Countofsamplesper || Datasize
=976 896 bytes - a3 block ~{ =0x0F1D00
= 1953792 samples 4 4] =0x01F9 =| =990464 bytes
=0x 00 1D DO 00 o 11 =505 samples | =3869 blocs
000000Co 07 1B 20 34 FZ A% 21 ZB U0 49 B8 D5 A0 78 0B 18
000000DO0 B2 29 29 B9 11 49| 99 B9 Fe6 83 29 1C 3A A0 11 CO
000OCCOOED 42 2C 88 08 C9 B6\84 8B C5 92 8O 10 A8 84 AR Be Bloc #1
1 TIMECODE 0O0O0OOFO ©1 13 AB B6 12 AA R7 A2 0l 09 B2 Cl B6 B2 84 A8 =256 byte — 4 (header)
00000100 |02 99 BS 69 4B 3B BS 20 28 D2 02 2C 19 QA B3 ¢—— =252 databytes
per f||e 00000110 |28 E2 08 C2 95 a8 30 6A 8B 28 91 4A 6C 09 18 =504 samples
00000120 08 E1 95 08 A8 24 A3 Al 35 8D 30 OB 3% 4C DO + sample[0] = 505 samples
00000130 |83 A1 39 28 OC 4B E1 01 LB 43 F9 3A4 FC OF 00
TlMECODE iS 00000140 1% OL 88 B3 98 C5 30 BC 0 A& 21 OC 10 AZ 4A
00000150 1A 81 D3 F3 94 81 Ag 01 2B Cl1 01 CA AT %0
00000160 94 BO 04 3B 24 1F 00 D1 11 a3

32-bit OS fick

counter




IMU data stream

ACCL | 1024 Overall RAM Usage
Buffer (128kB) ACCL
I3> ADPCM. Buffer, 12
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512 MAG
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bytes RTOS,
11.3
ODR T_store (s) . Fﬂe
ystem,
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MAG 10 Hz 51.20 39.5 free. 20.7
1 IMU data sample = 12 bytes
| | | | | | |
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4 bytes 2-bytes 2-bytes 2-bytes 2-bytes
| | | | | | |




SD Card Writing Time

TestBench 10000 7m
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RTOS Architecture

« Asynchronous
availability of 3 sensors
data

« Unpredictable SD
writing fimes
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Power Consumption
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Current (mA)

Current (mA)

Power Consumption
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Current (mA)

1.2

Power Consumption

Compiler local optimizations

—Tickless IDLE + Sleep + 00
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Battery Voltage (V)
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Collected data

Aligned data within
few ms accuracy
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Current
Approach

Toward Embedded Al ?

Classification of audio events

- Supervised
Unsupervised (clustering)

- Offline Model Training

- Embedded raw audio
- Offline feature extraction
- Offline inference )

Storage

- Embedded feature extraction
- Offline inference

- Embedded feature extraction
- Embedded inference

19



Toward Embedded Al ?

YAMNET embedding
:*f}% RandomForest classifier CNN classifier

Precision: 29.03 Precision: 65.82

21

HEE True positives
Il False positives

PyAudio Analysis 121 EEE True positives 1024 features
(68 features) EEE False positives (x5) @ 3s audio
@ 100ms

18 1

10 A

Less than 10k
float

12 comparisons

per inference

15 31 millions of floating
81 multiplications per

inference

Number of predicted snorts
Number of predicted snorts

Dataset - Audioset (100Mh
audio data from YouTube)

PaSST ™
Model i,L

-~

528 classes

PaSST Audioset embeddings
clustered with umap




Toward Embedded Al ?

Audio bandwidth : 20Hz - 3.9kHz

Audio classification based
on spectrograms

f,=7812,5Hz >390 samples - FFT 512 (65ms)

512

<« FFT 512 (x10)

= FFT 512 (x20)

; 5120 samples = 655ms of audio data

20 x FFT512 =20 x 5ms = 100ms (CPU) N
- Real-fime constraint OK
- Equivalent to ADPCM compression

512 audio samples = 256 frq bins

~

- Downsampling 1:2 > 128 8-bit frg bins

5120 16-bit audio samples
- 2560 8-bit spectro samples

1:4 compression ratio

- Same as ADPCM
- Loss of audio

21



Conclusion

* Instruments for wildlife/environment monitoring
applications

« Hardware/Software development driven by the
power consumption

» "Low-Level" software design approach with RTOS

« Still far from fully embedded ML classification
considering strong power constraints (i.e. device
weight/autonomy ratio)

« Audio-loggers in production with state-of-the-art
power performance
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