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ABSTRACT

Acoustic monitoring is a key feature for studying biodiver-
sity. Recent works on very high frequency animal sounds
open new insights and challenges on biodiversity survey.
In order to set a scaled monitoring, and to cover most
of the frequencies of the present species, a novel multi-
channel ultra high velocity recorder has been designed,
called Qualilife HighBlue. This paper presents its archi-
tecture and characteristics. One of its most innovative fea-
tures is an always-on ultra-low power wake-up, trigger-
ing recordings when temporal and/or spectral interesting
events are detected. For this task, shallow neural net-
works are embedded for advanced pattern detection, as
well as mixed signal features extractors. Several commu-
nications devices are implemented, and the system can be
customised. Multiple deployments of this monitoring sys-
tem over the world are presented in this paper to demon-
strate its robustness, versatility and efficiency.

1. INTRODUCTION

Acoustic monitoring is a key feature for studying biodiver-
sity. Recent works on very high frequency animal sounds
(such as those emitted by dolphins Inia g.), coupled with
fast movements (such as bats) are a real challenges for non
disturbing passive monitoring with advanced features.

In order to set a scaled monitoring, and to cover most of
the frequencies of the species, a novel multi-channel ultra
high velocity recorder, called Qualilife HighBlue (QHB)
has been designed, composed of a motherboard coupled
with daughter-boards (Fig.1).

During long-term bio-acoustic survey (Fig.2), a regular
time interval recording for soundscape analysis is required,
plus the recording of some specific events, as some ani-
mals that are sparsely present. Therefore, we developed,
for reducing data storage size and power consumption, the
innovative feature always-on ultra-low power wake-up. It
triggers recordings when temporal and/or spectral patterns
of interest are detected. It makes the most of 3 types of cir-
cuits that can be used for embedded Artificial Intelligence
(AI) implementation, each one having a different magni-
tude of power consumption (Fig.3).

Figure 1. QHB plugged to 2 daughter-boards.

This ultra-low power always-on detector allows the high
performance acoustic recorder to enter an ultra-low power
mode with a power consumption lower than 100 µW . It
significantly extends battery life, as well as storage capac-
ity, as only useful data is stored.

This QHB DAQ, with different sensor combinations,
is being used in several projects across the world as de-
scribed below. Some applications are running for 3 years
(we called its prototype ’QHB1’ or JASON).

Figure 2. QHB tube, Caribbeans (Photo J. Bernus).



Figure 3. Different types of embedded AI according to
their power consumption.

2. SYSTEM ARCHITECTURE

QHB electronics block diagram (Fig.4) is based on 3
independent systems connected between them using serial
interfaces. They can be used for implementing different
levels of AI on the edge, each one having different
applications and power consumption (Fig.3):

a) an Ultra-low power detector, always-on acoustic
wake-up system, power consumption of 40 µW . It aims
at detecting abnormal or target acoustic events to wake-up
and start high frequency recorder. It is an ultra low-power
wake-up [1–3]. However, unlike [4] where only analog
parts are used, or [5] where only a digital microcontroller
is used without external analog circuitry, it makes the
most of the combination between ultra-low power analog
circuits and the sensor controller [6] of an ultra-low power
system on chip (SoC) (Section 4).

b) a Recording Manager middle stage of power
consumption, based on TI CC2652R1 SoC [7], which
interfaces two sensors integrated on the board: an Inertial
Measurement Unit (IMU), and a Real Time Clock Cal-
endar (RTCC) by SPI. It stores data on a SD card, and
communicates by Bluetooth Low Energy (BLE). It is in
charge of managing records, enabling the High Frequency
Recorder system. It can be configured to record in time
intervals, or when defined time-frequency patterns are
detected. These methods allow a global ultra-low power
consumption without relevant data loss.

c) a High frequency recorder, higher power, 24 bits
5-channels recorder, based on a Microchip PIC32 micro-
controller [8]. It ables to compute deep-learning signal
analysis using an embedded GPU. Recordings have an
excellent quality with high Sampling Rate (SR) in several
channels, however, power consumption is higher than
1.8 W . Its high temporal resolution (512 ksps), precise
channels synchronisation, and multiple sensors (such as
IMU), has a maximum jitter of one sample, that means less

than 2 µs at fs = 512 kHz. This allows accurate further
processing of the signal and is a key for locating animal in
the wild, and for identifying them reliably. This recorder
is controlled by the Recording Manager system, reducing
drastically its average power consumption compared to an
always-on recorder. Active less than 0.05% of the time in
real conditions, it extends the battery life of the recorder
by a factor 2000 reducing it average power consumption to
less than 1 mW . This allows a drastic battery and overall
size reduction, easing its installation and maintenance
while reducing its cost (Section 3).

3. HIGH PERFORMANCE RECORDER

QHB high frequency recorder features up to five 24 bits
channels operating at 512 ksps each. They are imple-
mented on daughter-boards (Fig.6), each one having 2
channels. It is possible to use several daughter-boards at
the same time. Each channel input is compliant with :

• Differential input for lowering transmission noise
from the microphone to the recording system, espe-
cially in harsh electromagnetic environment.

• Single 3.3 V inputs for standard hydrophones or mi-
crophones such as CR55, 57, 75, 305 (Cetacean Re-
search Tech. (CRT)).

• Input superposed on power supply for specific mi-
crophones or hydrophones such as SQ26 (Sensor
Tech.).

• A high quality charge amplifier can be added for
connecting passive piezo-electric sensors such as
CR3 (CRT).

Each channel features a high pass filter having a cut-
off frequency of fC = 0.5 Hz, for centring signal. They
can also include an amplification that can be adjusted upon
request in hardware. Using ultra low noise differential am-
plifiers, analog front end has a very high signal noise ratio
equal to 104 dB (tested with a full scale 10 kHz sine wave
in input). Total harmonic distortion is equal to −106 dB at
half-scale signal amplitude.

Each channel also includes an anti-aliasing filter. The
Fig.5 shows a chirp test signal from 1 Hz to 1 MHz,
recorded at 512 ksps. Recorded signal has a constant
amplitude on all the bandwidth. This one is limited to
fc = 256 kHz by the anti-aliasing filter. Anti-aliasing
filter is a high performance switch capacitors one, more
efficient than a 5th order low pass filter. This filter is auto-
matically tuned according to sampling frequency.

Signals from each channels are synchronised with a pre-
cision equal to the sampling period. These signals can also
be synchronised with sensors controlled by the Recording
Manager (such as Inertial Measurement Unit) with a time
precision of one sample of any type of sensor thanks to
a novel synchronisation mechanism based on comparative
arrival time detection on each microcontroller. This paves
the way towards high precision tracking of animals, even



Figure 4. QHB electronics blocks diagram.

Sampling Frequency
64 ksps 128 ksps 256 ksps 512 ksps

Data Rate
[GB/h]

Power
[W]

Data Rate
[GB/h]

Power
[W]

Data Rate
[GB/h]

Power
[W]

Data Rate
[GB/h]

Power
[W]

1 Channel
SD Card

0.69 1.8 1.38 1.9 2.76 2.1 5.52 2.5

2 Channels
SD Card

1.38 1.9 2.76 2.2 5.52 2.5 11.04
(lossy)

2.8

4 Channels
SD Card

2.76 2.5 5.52 2.8 11.04
(lossy)

3.0 22.05
(lossy)

3.1

5 Channels
SD Card

3.45 2.7 6.91 3.0 13.82
(lossy)

3.2 27.64
(lossy)

3.2

1 Channel
USB Drive

0.69 4.1 1.38 4.0 2.76 3.8 5.52 4.0

2 Channels
USB Drive

1.38 4.0 2.76 3.8 5.52 3.9 11.04 4.2

4 Channels
USB Drive

2.76 3.9 5.52 4.1 11.04 4.4 22.05 4.6

5 Channels
USB Drive

3.45 4.0 6.91 4.3 13.82 4.6 27.64 4.8

Table 1. Data rates and measured power consumption for 24-bits operation of QHB recorder on a HDD or SD Card storage.

Figure 5. Spectrogram and signal of a chirp test from 1 Hz
to 1 MHz recorded on QHB.

in difficult conditions such as recordings from a buoy or a
boat in swell.

Power consumption and data rate in recording mode de-
pends on the number of channel used and on the record-
ing media. The Tab.1 shows power consumption including
storage medium one. This explains why power consump-
tion is smaller using (µ)SD cards than with hard drive disks
(HDD). Using SD cards for data storage have also a draw-

Figure 6. Qualilife HighBlue daughter-board.

back : some data losses can occur at data rates higher than
10 GB per hour. Using HDD allows to reach higher data
rates, going up to 27 GB per hour with 5 24-bits channels
at 512 ksps per channel (Tab.1). For higher frequency ap-
plications, more than 1 Msps with 16-bit resolution can be
achieved using a special daughter-board (Section 5.2).




