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Project: Nature 4.0 | Sensing Biodiversity

Motivation

45 microphones recording ~10h/day, leading to around 1TB
of audio data per week. TS S,
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Questions ) b
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Motivation

1. How can we (denoise and) compress the raw audio files
effektively?

2. How can we (detect and) classify birdsongs in the files?
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Basics ) e

Def'n't'on Birdsong
recognition using
Short-time Fourier transform (STFT) of f with window Gabor frames
function g:
Vef(x,w) = / f(t)g(t — x)e >™™dt, x,w € R. Basics
R
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Basics
Definition

Short-time Fourier transform (STFT) of f with window
function g:

Vef(x,w) = / f(t)g(t — x)e 2™™dt, x,w e R.
R

Definition
For 0 # g € S(R). Modulation space:

MP(R) = {f R = C | V,f € L"(R?)}.

Modulation norm:

1/p
1l po(ry = (/R/R]ng(X,w)\pdxdw)
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Gabor frames
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Definition
Consider the grid A = aZ9 x Z9 and a window function
g € Lr(RY). The set

{g)\ = (TakMBng) | A= (ozk,ﬂn) € /\}
is called a Gabor frame, if 0 < A < B < oo exist, such that

AlFIZ < DD 1iF 0l < BIIFII®
AEN

Basics

holds for all f € Lp(RY).
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Frame reconstruction

Birdsong
recognition using
Gabor frames

Lemma

Let {g\» | A\ € A} be a Gabor frame. Then there exists a
dual window g, such that {gx | A € A} forms a frame and
every f € Ly(RY) can be written as

Basics

f= Z<f7é>\>g)\
AEN
or
f= Z(fag)\>é’)\
PYSN
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Compression
Preconditions: "
irasong
pe(0.2) cogiten e
A grid, so that Gabor atoms form a frame
- g € MP(R), g dual window
- f e MP(R)

Compression

Theorem
Forp>0,letl,={xe N | [(f,&)] > u} and

f/J = Z <f7 g)\>g)\

A€l

Then (with N = #1,,):

|f — fuuiz < C22 ”fH,%\AP(R) N1=2/P,
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With a rudimentary implementation: Compression with R
factor 7.
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B-Splines
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- Necessary condition: g € MP(R)

- Gaussian window is even in S(R), but expensive.

Compression

Theorem
Let g be a B-Spline of order k. Then

g € MP(R)

for all p > 1/k.

s

Cc &(u
< (

f i
cec

( - (‘cu

< ( AG Numerik

u

© und Optimierung

¢



Simulations - synthetic Signal

Error (log scaled)

Errors for synthetic signal
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Spline order 10

Compression
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Mumber of coefficients (log scaled)
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Simulations real signal

Birdsong
Errors for real signal recognition using
Gabor frames
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Simulations real signal (o)

Birdsong
Errors for real signal recognition using
Gabor frames
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Compression

—— Gaussian
—— spline order 1

1059 spiine order 2
—— Spline order 3
_11.0 — spline order 4

9.2 9.4 9.6 98 100 102 104 106 108
Number of coefficients (log scaled)

Window p (simulation)
Spline order 1 0.8844
Spline order 2 0.8322
Spline order 3 0.8317
Spline order 4 0.8207

Gaussian 0.8342
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Classification
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Current approach: STFT — Convolutional Neural Network!

— car
— TRUCK
— VAN
O (m}

— sicvaLe Classification
FULLY
INPUT CONVOLUTION + RELU POOLING CONVOLUTION + RELU  POOLING FLATTEN CONNECTED SOFTMAX
FEATURE LEARNING CLASSIFICATION

https://miro.medium.com /max,/1200/1*XbuW8WuRrAY5pC4t- (‘(c(‘c‘;g_,juf;eﬁk
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Classification
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Current approach: STFT — Convolutional Neural Network!

— car
— TRUCK
— VAN
O (m}

— BicveLs Classification
FULLY
INPUT  CONVOLUTION +RELU  POOLING  CONVOLUTION + RELU POOLING FLATEN PO sortmax
FEATURE LEARNING CLASSIFICATION

Modifications:

- Change the CNN structure: LSTM layer after
convolutions

- Change the input: Focus on relevant frequencies

https://miro.medium.com /max,/1200/1*XbuW8WuRrAY5pC4t- (‘cc(‘c A
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Classification with LSTM layer ) s
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Classification with relevant frequencies

Single-Sided Amplitude Spectrum of y(t)
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Classification
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Result:
- Slightly better classification accuracy

- Faster training and classification possible
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Thank you! B
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2.

Something for the ears

Classification

- www.heuersv.de/original.wav

- www.heuersv.de/denoised.wav

2https: //pixabay.com/illustrations/sing-bird-songbird-microphone- f(c( - e
1322180/ < und Optimierung
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