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. Biodiversity UL@

ot Biodiversity Loss
@@a
?S@CIentlflc and Stimulate research in Al
@ouetal challenge
S
<9”

Requirement of passive acoustic sensors:

[ Detection, Classification, Localization
 Human / Nature acoustic Event
1 2 challenges:
= Biodiversity Monitoring
= Energetic frugality (carbon footpring as low as possible)



Rz Biodi\[erSity/ Data DE|Uge UL@

U Biodiversity :
'ween 1970 and 2018, 69% of wildlife* population declined :
ﬁ@%@ * Terrestrial environment and/or Marine ecosystems
o@% * 26% Marine and/or Terrestrial mammals and 14% birds are
@@ threatened (**)
&(@@% 1 Data deluge :
= Digital data (processing / communication) grows exponentially
= |CT technologies represent 4% of carbon footprint worlwide
(projection is 14% *** en 2040)

* Perrine Mouterde, Le Monde, 13 Octobre 2022

** https://www.ecologie.gouv.fr/biodiversite-presentation-et-informations-cles#scroll-nav__4

*** . Belkhir et al, « Assessing global emission footprint : Trends to 2040 & recommendations”, Journal of
Cleaner Production, 2018



https://www.ecologie.gouv.fr/biodiversite-presentation-et-informations-cles#scroll-nav__4

R Objective (i)
ULP SMART cgu!?.'@
3D COCHLEA Development of a quasi-autonomous « embedded »

%Igctronic system (maintenance every 3 years)

ﬁ@%@ SRR

Artificial Qochlea :

. A@ﬁjoginformation
pr@%rocessing

e Ultra frugal

« local » information

processing:

* Information Processing
of « natural data »

N\ e AR,

(power consumption) provided by the
* Mature CMOS Technology cochlea, locally carried
Biodiversity Monitoring: out (« off the cloud »)

- Passive Bioacoustic Technology
(non-invasive, respect wildlife)



R Ob J e CtiV es (")

ULP SMART Processing

3D COCHLEA Work package 1 Parallel spike trains
by Al chip

Analog information

CMOS cochlea Work package 2

; Detect and alert or
Transfer to spikes Work package 3

record and build model

Acoustic information
in the environment

L Sensor characteristics:

» Classification/counting of ceteceans (unsupervised learning)

* Compact design
e Carbon footprint as low as possible
* Low cost

UL@

COCHLEA



R Objectives (iii)
ULP SMART !M
3bcochlea - [] Design of a monaural / binaural analog artificial Cochlea

ra low power (< 30 uWatt), 100 kHz Bandwidth
ﬁ@% oincidence Detector for sound localization
@ﬁ@@% Design of Al chip to carry out biocomputing of « natural data »
&P (generated by the Cochlea)
S\ * Software Development based on Spiking Neural Networks
trained for Ceteceans classification

 Detection / Localization of specific acoustic events with main goal
to preserve Ceteceans
 Add « alert » functionality to detect anthropogenic noise
perturbing biodiversity



125 Objectives (iv) UL
ULP SMART comﬁ
3D cocHEA (] Design of a monaural / binaural analog artificial Cochlea

ra low power (< 30 uWatt), 100 kHz Bandwidth
%@% oincidence Detector for sound localization
@Q@%@ﬁ Design of Al chip to carry out biocomputing of « natural data »

&©®>% (generated by the Cochlea)

 Detection / Localization of specific acoustic events with main goal
to preserve Ceteceans
* Add « alert » functionality to detect anthropogenic noise
perturbing biodiversity



Biological Cochl
Ree iological Cochlea L@

ULP SMART Johnstone et Boyle ~ 1970 st W
3D COCHLEA

Hélicotréme
2
Active : EE
Tonotopy £
Passive - S
Tonotopy 5
£

Ve
~-

* https://www.cochlea.eu/cochlee/fonctionnement



Artificial Cochlea : the Pioneers (i)

IEEE TRANSACTIONS ON ACOUSTICS. SPEECH. AND SIGNAL PROCESSING. YOL. 36, NO. 7. JULY 1948

An Analog Electronic Cochlea

@§ RICHARD F. LYON., MEMBER. IEEE. AND CARVER MEAD

= ! (= H=H =2H=H=] .
= J 2nd order Filter

= He H=

]
_@_ BaS|C Unlt . Vg ——— 505 - sr)s — —

L]

ek

N EeEsEmaes ERETES
] - -
E He He He He | [E HE HE HE He | LTS VAVAVAVAS ANN— — — 1
4
g >H=2H=H=H= ¥ J H( h) J = i
= He = > 2 ‘
: TTST é 7s + 1 e -
Ouipui Taps POl Line TSCL:JZ i Taut Second-Order Q@ Fig. 3. Siticon cochlea. consisting of a serial cascade of second order sec
i t I tion: || t H H : :
with Folowers o | e Section:  In{ = ov tions and tilted bias lines.

Tau
Fig. 8. Floorplan of 100-stage cochlea chip, in serpentine arrangement.
The wires that are shown connecting the TAU and Q control terminals
of the filter stages are built using a resistive polysilicon line, to act as a
voltage divider that adjusts the bias currents in the cascade as an expo-
nential function of distance from the input.
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ULP SMART
3D COCHLEA

Artificial Cochlea : the Pioneers (ii) U

COCHLEA
IEEE TRANSACTIONS ON ACOUSTICS. SPEECH. AND SIGNAL PROCESSING. VOL. 36, NO. 7, JULY 198% —_—

An Analog Electronic Cochlea

@@ RICHARD F. LYON. MEMBER, IEEE, AND CARVER MEAD

[
Quiput Taps Paly Line |

th Foll Cut = n tion: I
with Followers o | Section n{ = I Cut
Tau ‘)0 .
Fig. 8. Eloomlan of 100-stage coch_lea chip, in serpentine arrangement. = 162 ]:‘6_3 104
The wires that are shown connecting the TAU and Q control terminals F .
of the filter stages are built using a resistive polysilicon line, to act as a requency (HZ)

voltage divider that adjusts the bias currents in the cascade as an expo-
nential function of distance from the input.
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3D COCHLEA

SPERM
WHALE CLICKS

0 4 8ms
%g High Cut-Off Filters

Artificial Cochlea
uesmart - From acoustic signal sensing to spike encoding

ULQ

Low Cut-Off Filters

AN

Ym

- -

\ flkHz) \ f(kHz)

— ————

=

L~

| A N_Atime

[P

L Half wave Half wave Half wave
Artificial Rectifier Rectifier Rectifier
Neurons
~— I N I I
S b s b s b
8 Channels : SPIKES E t E
[ kbHz =64 ke M e PP e I e
|

Parallel spike trains (in time domain) processed by Al Chip

Coding both in FREQUENCY and TIME




R Artificial Cochlea @

ULP SMART Cascade of Filters
3D COCHLEA

@@9 SPERM
@ WHALE CLICKS

%§ High Cut-Off Filters Low Cut-Off Filters

% - f(kHz) f(kHz) f(kHz)
A \ e \ e \
oM
J \Jtime ‘ \_/ \_/time N N_Atime

Half wave Half wave Half wave
Rectifier Rectifier Rectifier

| A —

Artificial
Neurons

8 Channels : SPIKES

R L I— wwwwm m b
|

lIlII
Parallel spike trains (in time domain) processed by Al Chip 4@ E Coding both in FREQUENCY and TIME




Rz Artificial Cochlea @

ULP SMART .
3D COCHLEA Cascade of Filters

Vt (64KH 2) @@ V1 (1KHz)

Al v2 A2
. L w p > N S Low-pass filter i v3
C Off Low-Pass Filter | 1 KHz Cutt-Off TAU TAU
S | - e N L

| 1 b -

@ VQ (64KHz) | VQ (1KHz)
1

’ — :
®>@‘9 T \ — —
@ High-P: Hi gh -Pas High-P:
fil ]

Mt \gh-Pass (j \
\ / — T
v ‘ R ouT
V+— V-
Ib
Vb l [




R Artificial Cochlea @

ULP SMART . .
3D COCHLEA Conversion to spikes ?

@@9 SPERM
@ WHALE CLICKS

0 4 8ms
%§ High Cut-Off Filters Low Cut-Off Filters

(k ) f(kHz) f(kHz)
— -———— - —_———
I/\ /\
time time | N N_Atime

L Half wave Half wave Half wave
Artificial Rectifier Rectifier Rectifier
Neurons
18kﬁhang4elli|-:| SPlKES . e e . e e
[1kHz-64kHz] — — WAJJJMAMM AR e Sy

J

|

lIlII
Parallel spike trains (in time domain) processed by Al Chip 4@ E Coding both in FREQUENCY and TIME




Artificial Cochlea

R s @
e - % n
ULP SMART Artificial Neuron
3D COCHLEA
S|I|con trar@%tor circuit .

~ 100 mV
(as in biology)

Arrhdd
o o Fﬂ” .

VSS

time

Power Consumption < 100 pW

* Patent, FR3050050 A1, 13/10/2017 (INPI)



R Artificial Cochlea @

ULP SMART o o
30 COCHLEA Half Wave Rectifier ?

e: ex
3~
ﬁ@%@
Vex —| Mex

0|daI - Vinem NN

Slgnal
(from a — V. e, turns to be a
Cochlea Crnem half wave signal
channel) Vieak I_
ea VSS
Vleak

VSS



Artificial Cochlea

Rz UL
ULP SMART Conversion to spikes ? concr Y @
3D COCHLEA
—> Spikes are generated:
3% P
@9@ time
&%’ VDDex
@@@ If Vmem > \ \ VDD
“\Q, A « Firing Neuron voltage » / —I /
b _—l e O— MP MP
Sinusoidal 7R A W A N ! 2
Signal — 1 +—1 +—
(from a L j MN, MN,
Cochlea Crnem 1 C _1
channel) ‘1)
Mieak |— vss
Vleak

VSS




Implementation in CMOS TSMC 65nm Technology

ULP SMART Layout (Cadence ===

T Y T
L LT L

©®% Low-Pass High-Pass  wRr / Output Buffers

filters filters Neurons

CMOS Microchip 15(_)0*250pm2
5 PEEREND WS e e

8 Output Channels
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ULP SMART
3D COCHLEA

Artificial Cochlea

CCCCCCC



— Artificial Cochlea UL@

ULP SMART Cascade of Filters: o

3D COCHLEA
Frequency Channels (kHz) : 0.5-1-2-4-8-16-32-64
155

AC Analy: ac': freq =( H MHZz)
Do izl

¥ F25.0
i Channel -
ol Channel2 @« E20.5
..ml channel &
" chanmela @ ' £
-l Channel5 = ' b
- annel6 & ’
-~ Channel 7 = E11.4
“ml Channel 8 =

freq (Hz) freq (Hz)
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ULP SMART
3D COCHLEA

Artificial Cochlea
Conversion to spikes

COCHLEA @

Tra nsient Analysis “tran': time = (0 s -> 202%5)

“ﬂw q

LH N
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Rz Artificial Cochlea: UL@

3D COCHLEA Simulation / Experimental results

COCHLEA

Characterization :
Use of a probe station




r.  Acoustic (natural) Signal of two Ceteceans

ULP SMART
3D COCHLEA

UL@

COCHLEA

%@ ©Martin Prochazkacz / shutterstock
Sp ﬁ%ale clicks : Discovery of Sound in the Sea
@s://dosits.org/gaIIeries/audio—gaIIerv/marine—mammaIs/toothed-whaIes/sperm—whale

Rough-toothed Dolphin clicks : DCLDE Oahu
https://www.soest.hawaii.edu/ore/dclde/



https://dosits.org/galleries/audio-gallery/marine-mammals/toothed-whales/sperm-whale
https://www.soest.hawaii.edu/ore/dclde/

r= Acoustic (natural) Signal of two Ceteceans UL@

COCHLEA
U L N A AADNT —
Transient Response 1
3D Name |wis |
hd - T - . . E -y

=‘---:Input: Signal @*@

The rough-toothed

Sperm Whale )
(Physeter dé)tlphm
macrocephalus) (Steno

bredanensis)
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ULP SMART
3N.CAOCHIEA

Sperm Whale clicks

UL@

COCHLEA

Name

m Input Signal

Transient Response

e |

Y
®

V (mV)

100.0

50,03

0.0

-50.0

-100.0

-150.0

-200.0

-250.0

-300.0

El 5
I P T A T P T P T A T P P T
0.0 50.0 100.0 150.0 200.0 250.0 300.0 350.0 400.0 450.0 500.0

time (ms)

-

dft(vT("/BioSignal") 0.0 1.000 102400 "Rectangular” 00 1) 2

Name

-l spectrum

hd

Mag (u)

700.0

m— 4 KHz

600.0 —é
500.0 ’;
400.0 —;
300.0 é
200.0 —;
100.0 ’;

0.0

00 20 40 60 8.0 100 120 140 160 18.0 20.0
(kHz)

Sperm whale clicks : spectrum
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Response of the Cochlea to Sperm Whale Clicks

ULP SMART (simulation in CADENCE)

3R.COCHIFA
Tran t Analysis “tran': time = (0 1s) 1
Name s
Y
HiInput signal -

@@

m Output Neuron

\ 4

Output 4kHz @ : I I
oo A v T
) H
E fr—
> 1 ' (|
0.0 ' .
| 1
=
hd
4KHz &
200.0
s
E
= 100.0

0.0

]

440.0 4401 440.2 4403 4404 4405 440.6 440.7 440.8 4409 441.0 4411 441.2 4413 4414 4415 4416 441.7 4418 4419 4420
time (ms)

Transient response of the cochlea to a single Sperm Whale click ( 4KHz Channel )

COCHLEA @



R= " Response of the Cochlea to Sperm Whale Clicks u@
30 COCHLER (simulation in CADENCE)

Transient Analysis “tran': time =(0s->15) 1
Narne
=

— P
~ o] TG

v

@ znoo EI- \/ . 125 it : b o
od 52 /\ )Qr’/:\ e
. /\/\ /\ gt
N AV T T
3
Il Output Neuron 8KHz 'g‘f 2000
3
o.oéEl

I R e e o B o R R A e o o B R R E RS e B s s s o o oo R AR AR AR LR AR R EEEEa RS ESEESe
440.0 440.13 440.27 440.4 440.53 440.67 440.8 440.93 441.07 441.2 441.33 441.47 441.6 441.73 441.87 442.0
time (ms)

Transient response of the cochlea to a single Sperm Whale click ( 8KHz Channel

)



Rz Response of the Cochlea to Sperm Whale Clicks @
ULP SMART (simulation in CADENCE) =

Transient Analysis “tran: time=(0s->15s) 1
i 47 |vis_ |
0
hd )
M Input Signal @ ]
0 ‘ ]
@ -300.02
300.0
- Output 9 1
uteu @ E 7
> J-
-50.0 ¥l
?[ 300.
Gtput Neuron 16KHz @ E
@® g
& -50.0 L]
ad 300.
[ Output Neuron 8KHz @ E
>
| -50.0 =
. hd _ 300.0
“ Qutput Neuron 6KHz @& E
-50.0 = - i :
yl 30007 :
-l Output Neuron 4KHz @ E ] :
> ] ; _
R N M bk T L I
440.0 440.1 440.2 4403 4404 440.5 440.6 440.7 44038 440.9 4410 4411 441.2 4413 4414 4415 4416 441.7 4418 4419 4420

time (ms)

Transient response of the cochlea to a single Sperm Whale click ( All Channels )
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ULP SMART

3D

COCHLEA

Response of the Cochlea to Sperm Whale Clicks

(simulation in CADENCE)

flome

[vis_|

|] M Input Signal

'>%Oujtput Neuron

B Output Neuron
L Output Neuron

[l Qutput Neuron

16KHz @

hd
8KHz @
hd
6KHz @
Y]
aKHZ @

Transient Analysis “tran': time=(0s->1s)

S

300.0 7

x
3

M output Q@

—

i S

N

——

1m .

ey

!

[ T T T T e T T e e T e
0.0 250 500 75.0 1000 125.0 150.0 175.0 200.0 225.0 250.0 275.0 300.0 325.0 350.0 375.0 400.0 425.0 450.0 475.0 500.0

time (ms)

Transient response of the cochlea to a train of Sperm Whale clicks ( All

Channels )

UL@

COCHLEA



R= Response of the Cochlea to Sperm Whale Clicks UL@

COCHLEA

ULP SMART (Experimental results)
3D COCHLEA i Agilent Technologies TUE OCT 24717:13:08 2023
0 2000/ @ 200/ @ 4] 11042 500086/ Stop £ [ 1137

(9 == Sperm Whale click
<>
== Analog output
4KHz

2500 E———
NI .
ﬁ ¢== 4KHz Channel

Acquire Men 2.50MSa/s

42 Acg Mode Realtime
Normal [




r=  Response of the Cochlea to Sperm Whale Clicks UL@

° COCHLEA
ULP SMART (Experlmental results)
3D COCHLEA e .
“i.i Agilent Technologies TUE OCT 24 17:13:34 2023
0 200:/ @ 2000/ @ ] - 24007 10008/ Stop £ @ 113¢
, _

== Sperm Whale click

e== Analog output

4KHz
@==_ 32KHz Channel
== 8KHz Channel
I | (O IR S SR SR B | R S R ¢== 4KHz Channel
Acquire Menu 250MSa/s
43 Acqg Mode ’ ’ Realtime I
Normal ]
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ULP SMART
3D COCHLEA

Dolphin clicks

Transient Response
Name. |\ﬁs |

) Y
M Input Signal @

Vv (mV)

o\

iaasaania T Riasasaay T T lasasniny T T T T 1
05 055 06 065 07 075 08 085 09 095 1.0

time (s)

-

dft(VT("/BioSignal) 500m 1.000 102400 "Rectangular” 0 0 1)

Name
—

350.0
300.0
250.0
200.0 ]

s 1
b0
o
=

150.0 3

100.0

50.0 -

0.0

0.0 20.0 40.0 60.0

(kHz)

80.0 100.0

Dolphin clicks: spectrum

UL@

COCHLEA
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ULP SMART
3D COCHLEA

Response of the Cochlea to Dolphin Clicks
(simulation in CADENCE)

Transient Analysis “tran': time=(0s->15s)

Na s | F 1l
2

ﬁ@%@@mﬁ: o
&

i

|8

M Input Signal

Vv (mV)

20007

i3]
O 2
nalog Output 32KHz & ; : . . ! : : : :
£
5 321us ®
0.0
[
i 4
“ [l Output Neuron 32KHz &
200.0 fedmbdedodoiododo
s
5 :
S 10007
0.0
3]

658.0 658.05 658.1 658.15 658.2 658.25 658.3 658.35 658.4 658.45 658.5 658.55 658.6 658.65 658.7 658.75 658.8 658.85 658.9 658.95 659.0
time (ms)

Transient response of the cochlea to a single Dolphin click ( 32KHz Channel )

UL@

COCHLEA



Re= Response of the Cochlea to Dolphin Clicks UL@

ULP SMART (simulation in CADENCE) )

3D COCHLEA

Transient Analysis “tran": time=(0s->1s) 1
s (e
J
S

R
M Input Signal > ] l I I l
| R |

|
%@ g -3()!:!.!:!E B ]

"M out -.@cn 2kHz ® | 3 ] I | | | I ‘H : :
E ]
K > ] H— } — , - S R
F 1M P ; ; ; : H H H H ; ; ; P H i
<§:) R R

—

%' Output Neuron 16KHz @ | % E
©®> > e
& 30.0 ~ 1‘ R
A d ~ 300.0
- Output Neuron 8KHz & E
s
o0 Pliiisiii
h d _ 300.0
~ Output Neuron 6KHz @& E
>
e L o 1 04515 0 2
_Y_i _ 300.0
-l Ooutput Neuron 4KHz & %
>
50.0

0.5 0.525 0.55 0.575 0.6 0.625 0.65 0.675 0.7 0725 075 0775 0.2 0.825 0.85 0.875 0.9 0.925 0.95 0.975 1.0
time (s)

Transient response of the cochlea to a train of Dolphin clicks ( ALL KHz Channel )



ULP SMART
3D COCHLEA

Response of the Cochlea to Dolphin Clicks UL@
(Experimental results)

Agilent Technologies TUE OCT 24 17:14:19 2023
v/ 8 - [76167 1000% Stop £ @ 1137

Delay = 761.65000000ms

27 rﬂwmwnmmwmmwwwwmmwmrkm-mﬁ'ﬂh

\ J

Um j\f‘w’\/‘ww'WWrmmwwM 4= Dolphin click

— = 32KHz Channe
[T T T |
Acquire Menu 2.50MSa/s
4D Acq Mode y y Realtime y

Normal ]




NR Response of the Cochlea to Dolphin and UL@
ULP SMART Sperm Whale clicks (simulation in CADENCE)

3D COCHLEA

Transient Analysis “tran': time =(0s->1s) 1
Mame M| 0 5 g s mmm s mmm s s s s s mmm o n s o mmm o m s r B EEm § Emm 5 Emm N Emm 5 s E Emm 5 s n mm
- " rmr T s | | e ==
e N e s e f RN
GV U BRI GHR ISR MBI CHE B 5, M
3000 FL : : : : : : : B - : : : .
v| _ 3000 I ) I . 4
~-0utpﬁ@szmz * |2 | | | : |
@ 5 5 HH il .
50.0 I )
@ - 300.0 | |
C& Output Neuron 16KHz & % I . M
@ > i
&© 50.0 b i |
v| _ 3000 I .
Output Neuron 8KH @ E I I
> i e
o8 (! I
Output Neuron6KHz & | 2 T T Q .
s i ' ; : s ;
spod E, ! ! ! ! | I i i ] ] |
- 300.0 : : .
-l Output Neuron 4KHz @ % I l l l | I I l I B I
; g .. ' ' r r ' I I - 1l La L L FERTY Fi Aol 1 Fi i .
2o \‘"i""'I'""""\"‘"“"I"'“""I'“'“'"I"“"‘"I“'“""I'“"""I""""'\""""‘ ""I“"\'"“'“'\‘"'“'“I""'“"\"'"""I‘""""I"""‘"\"“'"“I“"""‘\"""“'\
00 005 01 015 02 025 03 035 04 045 of 1055 06 065 07 075 08 085 09 095 1
- time (sp
. o bom b e n o s e r e e o r o h o —

Sperm Dolphin



Rz Response of the Cochlea to Dolphin and

ULP SMART H H

up SRt Sperm Whale Clicks (Experimental results)
Agilent Technologies TUE OCT 24 17:12:34 2023
.Q'es A 200w/ @ ] 3% 10002 10002/ Stop £ @@ 1130

e== Acoustic Signal

== Analog output
4KHz

S O S S B, - Crene
) Y O O R R akHz Channel

Acquire Menu 2.50MSa/s
+2 Acq Mode Realtime
Normal [

COCHLEA @




Power consumption ¢ UL@

ULP SMART COCHLEA

30 COCRLEA CMOS Microchip 1500*250um?2

8 Channels

With buffers (required for characterization) :
~ few microWatts / channel

Without buffers (required for characterization) :
100 nanoWatts / channel



ULP SMART
3D COCHLEA

%@%R ULP SMART COCHLEA

NEXT ?

ccccc
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UL@
30 COCHLEA Dataset

NEW BEDFORD WHALING MUSEUM Woods Hole Oceanographic Institution

(]| Watkins Marine Mammal Sound Database

‘BEST OF’ CUTS ALL CUTS MASTER TAPES l ABOUT

The William A. Watkins Collection of Marine Mammal Sound Recordings consists of

recordings of various marine mammal species collected over a span of seven decades in a

wide range of geographic areas by Watkins and many others. [MORE]




Res- Dataset UL@

ULP SMART COCHLEA
3D COCHLEA

455 10 species selected from the dataset
S
&
&
5O

S o o AR

Beluga, White Whale False Killer Whale Atlantic Spotted Dolphin Bowhead Whale Clymene Dolphin

Long-Finned Pilot Whale Melon Headed Whale Northern Right Whale Ross Seal Sperm Whale



R Binary Classification : Two classes are used the first class
ULP SMART contains several species of marine mammals and the second
3D COCHLEA class corresponds to the killer whale species.

COCHLEA @

%

Class 0: Other species of
Ul ey | marine mammals.

Class 1: Killer Whale.

|

Whale sound

@}% Cochleagram Spiking N/ ural Network

Processing
Work packajje 1 Parallel spike trains
by Al chip

Analog infirmation

O,

CMOS cochlea Work package 2

Detect and alert or
Transfer to spikes Work package 3

record and build model

Acoustic information
in the environment



ULP SMART
3D COCHLEA

%@%R ULP SMART COCHLEA

!

LOCALIZATION ?

ccccc



R Hit, where are you located ? UL@
ULP SMART COCHLEA
3D COCHLEA
3D localisation of sperm whales (in the abyss) possible,
2 using specific algorithms
§
& .
& ==
]9
Courtesy: Prof. H. Glotin
- " Univ. Toulon
e »;’7;"/’ / /ifﬁ ; o&a\é@@\
-a000 N o & L.::j _ ,-;mm
e
(meters)

Sphyrna Odyssey 2019-2020 : 3D tracks of 7 sperm whales off Monaco coast,
auring 2 hours, hunting in collaboration in the abyss (-1000 a -2000m)

https://www.franceinter.fr/emissions/la-terre-au-carre/la-terre-au-carre-29-
octobre-2020



https://www.franceinter.fr/emissions/la-terre-au-carre/la-terre-au-carre-29-octobre-2020

Sound Localization :

ULP SMART

3D COCHLEA basics

ITD :

ILD :

o S
<>// WS

5 \\\\

Right Ear

plitude

RIGHT  LEFT

Amplitude

/

Interaural Time Difference
Interaural Level Difference



Sound Localization :
how ITD is encoded in biology* ?

o) Jeffers model
ﬁ@%@ sound source sound source

left ear _-'- ": right ear

|
|
} | coincidence
detector
_____ neuron

delay lines nucleus laminaris

* J. Leo van Hemmen et al, Problems in Neuroscience, Oxford University Press, USA, 2006



NR s MOTION DETECTOR :
one L@
ULP SMART « Hassenstein-Reichardt » detector (1956) oomer W

3D COCHLEA

Luminous spot that moves

"l_.

Optoelectrical
. —_— ———
Transduction in®

Delayed n i
Signal | |
I - {—> | EMD
Temporal |
Detector o(t)
. Reichardt
mu(t) mz(t) Detector

ot) Qu(t)rnz(t)
L —_—

m1(t) detected



Coincidence Detector*:

NR g coding interaural time difference (ITD),
ULP SMART by (simply) counting spikes s
3D COCHLEA

Filtre FA1

S N

*t

UL@

COCHLEA

@5% to to+I1TD
Entrée A @ rt circuit
4 @ to * inhibiteur 4
: /\/@ \\ ultiplication A
seui ( Générateur ™ [
% *t EntréeAs + dimpulsions p Filtre FA1 () Sortie A
@ a seuil A1l \ passe-bas v“ MultiplicationC | Ga&nérateur
ée B ) X O ~| d’'impulsions |+ Sortie C mp
C'-i.énérat.eur .L/. Filtre FB1 aseuilC _ to+ITD
. Entrée B+ » d’impulsions > Sortie B
seuil 3 seuil B1 passe-bas

to+ITD t Multiplication B
/ircuit
i

Generateur B1 nhibiteur
K / Filtre FB1
ry

>
to +ITD ! (\

to+ D"

* patent, FR2112849, 02/12/2021 (INPI)
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Re 2D LOCALIZATION ?
ULP SMART N=8 N=7 N=6 HL’@
3D COCHLEA
N=5
- source : N=4
O | sk ! N=3
0 S s N=2

—

Hémisphérel: |Hémisphére2:
A devance B B devance A




- Conclusion UL@

ULP SMART COCHLEA

O = ULP Artificial cochlea presented :
»» 100 nW / Channel (w/o buffer)
@9@@

@@ » Challenges :
@@)@ e Biodiversity monitoring (Ceteceans, not only)
S * Digital transition (Data deluge )

= Key applications (biodiversity monitoring) :
e C(Classification
* Tracking
 Anthropogenic noise impact ? (human activities)



