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Abstract

In considering the influence of kinship, the song of birds are more important for behavioral
learning. If the 1dentification of bird behavior and the classification of species are to be carried out,
we will see that the song of birds play an important role. And due to the reasons that the song of
birds are easily to approach the so- called Convergent Evolution and that there are even cases in
which birds learn from other bird species, it 1s indeed difficult to identify the communication of
birds behaviors just by human ears. In this paper, we will use machine learning to identify the slight
differences of bird song exhibiting in the communication behavior of same bird. In order to prove
that the bird song owns the different characteristics in different physiological periods and in
different species, the physiological data set of White-eye were analyzed and the set was recorded by
birdman Mr. Sun Qingsong over many years, while for the purpose of bird classification the bird
songs were collected by the xeno-canto.org (XC) website. We have divided the data set of White-
eye 1nto seven different physiological periods and the XC data set is collected from the top 18 B
grade recordings of the bird species by the XC website. After the noise removal, cut, and Mel
Spectrogram and MFCC, and the process of converting sound to a time-frequency graph, we have
performed the experiments of machine learning which belong to the BERT-based model with the
Convolutional Module as the base, connected the models of LSTM, GRU, and Attention and
changing the Feed Forward Network into the Conv-ID model. According to the experimental
results, we have found that the method, changing to Conv1D the BERT-based model, has the best
effect, and that the accuracy of macro Fl-score, for the two 1ssues of bird behavior analysis and
classification, can reach 97.7% and 79.0%. Through t-SNE (t-distributed stochastic neighbor
embedding) method and Visualized Attention Map, we are able to further prove that the song of
birds own different characteristics in different physiological periods and in different species. This
provided technology is of practical and profound application for biologist in the research field of

classification of bird behavior.
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=7 = Turdus merula 258315 2070
1 Turdus philomelos 232295 1387
HIEME Sylvia atricapilla 166064 1778
R EE Acrocephalus palustris 160059 899
BREEEER Erithacus rubecula 150121 1675
KRl Parus major 141233 2546
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Ell
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f& 7 ~ Convolutional Module BT ]
1. Long Short-Term Memory (LSTM)
—BAMGTEEN ] LUE (ERA ATy 3805 R R Frr ¢ 48 48 % (Recurrent Neural
Network, RNN) » {HX % RNN 7ERREA R it CERIY etk BARA R4
RSP BVERIS - R BRI EE R RIS ESGERE A E - N2
MUEHE R IEIEAY (Long Short-Term Memory, LSTM ) fIIAMEHY [18]
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The repeating module in an LSTM contains four interacting layers.

8a ~ LSTM cell RE R [22]
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8b ~ LSTM R ElE (n=64)

Gated Recurrent Unit (GRU)

IR LSTM Hy—FEI BRR - GRU & LSTM iy =i (forget gate)
Eidigy A (input gate ) FH—{E S ## (update gate ) HUf > dGFHEEETTIRRE
(cell state ) FIFEGRRE (Hy) #ITEHE > STEPEAN G A LSTM
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N T’ 2t =0 (W, - [hi—1,4])
=a (Wr : [ht—17$t])

[tanh | fzt = tanh (W . [’r‘f, * hy_1, fEt])

) ht:(l—zt)*ht_l—l-zt*izt

[l 9a ~ GRU BT RERE KEtE T [22]
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| (TimeStep, 64) )
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( GRU(n=128) ] | (128) )
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9b ~ GRU R ElE
3. Attention
FHEREER (AR 48RS (Recurrent neural network ) HEEEE] > HIATERS -
HE#m AR BRI RE Z G0 Z RIYAE © 1 Self-attention #5H1F-17
FEA[LLl—REFANEIAFHEER (23] - BAIARET ¢
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10a ~ Attention B T ~=E [24]
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10b ~ Attention ZEff < [E]
(=) BERT-based Model
HAIE A Attention 2R E AR A S PHERE - (HR BRI LE » E
FRESHTAVIRATEL « KTt ST W - BAFRE2RESafA# R El 7 NLP (Natural

Language Processing, EHRFESEEEE) {17#5AY BERT (Bidirectional Encoder



Representations form Transformers) Bi5% > FEEIE S Al LUK 030G (E R 511038
5 > H2FHIASR®E [25-27] AERF Transformer HY Encoder & {FALEBHZE

BAPEMS R EE AT <CLS> token (RIS FHEINE T FE R+ 5 60.0)
W AS A — i S EE I P EEIUIR 2 256 4 - Wi A ZEEL Transformer #Y Encoder #H[F]
NAERE SIS - — B BFETIE - Bl —ERiaaiEns - EEERavsHs -

SR E BRI SRR BRI EL B Ry 6:4 0 1 Accuracy IR (kISR ERI E H
AR - B A Ry i iRy DI 5 U A Orasiall SR B A Er R A Y > Y2 PP A1
Sese NG BRI L BT EE By 7:1:2 » TRFRIE B AOH 8 B AR R 4E SR © (28]

s i ~
Add & Norm

Feed
Forward

;\

Nx Add & Norm

Multi-Head
Attention

O S
—_— J

Posilional @_@
Encoding .
Input
Embedding

T

Inpuls

& 11a ~ Transformer HY Encoder 7~ &

Concat
Scaled Dot-Product J& ;
Attention =
tl | |
o r-- r-=
Linear Linear Linear
V K Q

11b ~ Multi-Head Attention 7= & [24]
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<CLS> Token Data (Log-Mel Spectrogram)

Transformer’s Encoder

embedding
(output
of <CLS>)

Dense (1024)

Dense (output) (20)

11c ~ BERT-based Model &I~ E [H

BAE P

152 mel spectrogram 5z MECC Z FpAll R JEHeE » By 1 EFISRE R
FEEHIBEFERE LA - IFIHEEEERE 8 BLLT - Il R EE
#1Y Encoder FI-R[EE# > Multi-Head Attention > B 5% 4,2)~ 4,4)~ (4,8)~
(8,4) HIHHE -

Fr T EISRIF 2 BERT 451 - FMItE SR ATEESERS (Feed Forward
Network, FFN) #pRi{#E kernel size = 5 ~ stride = 1 ~ i HIEF padding HY
ConvlD (FEAHFRHERE H6HE) - EEESR NV -

S I oy PR RE

o2 ENE - M EREFH ConvlD (kernel size = 5, stride = 1,
padding = 2) U RIEEAERES > Wi 4 {# Multi-Head Attention HY 4

Encoder #{TE s -

(—) t-SNE A E AL

t-BETAR AT R A% (T-distributed Stochastic Neighbor Embedding) =&—f&JE45 4
AR EREE LT 0A [29] 0 RIDUKFERMAEAL o FMAIFHIETT/ARF Attention fE28Y
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i Rt - Bams i CARIRAE A E AR B IR A A [E %L > HASH Attention f5
RUE A RESH I OR H BE S D A i e (2
(Z) Attention map FEEETRE(L
£ BERT-based model H » % T HERHI%K LH AR AV A GRS AR R WY A1) S B 5
FA Bt E] <CLS> Token MEEEAY Attention map #AHE - TSR &
HHERIERE S AT - EIEEEI SR ALY ERENE [30] -
(=) Confusion Matrix
TR B BArayisad o » PR EDRERER (Confusion Matrix) » A5
IR Gyt DA R IA CE s A A2 -

{h ~ WE5essR

— ~ Conv1D-Based Model
DUR EHr R 4RI &R th 4y Bl A Conv1D-Based Model & F LSTM ~ GRU #1I
Attention AY45EE o

2% 2 ~ ConvlD-Based Model R [EIfEHEY 2> F5F5

Model LSTM(n=64) LSTM(n=128) GRU Attention

Total Accuracy 49.20% 56.09% 85.20% 95.52%

1F LSTM HY4EER R » n=64 7 Fr/5 Accuracy £ 49.20% » n=128 W5 Accuracy HIj &
56.09% - 1Efff$%3% 4 HRILIEH > & n=64 FF &R B node A/ DU SIBER A 4
(Underfitting ) 5 & n=128 Bt &8 (Overfitting ) AVIE IR EZE - £ GRU HY4E R
o BEAMEI A A o (B s AR SE T 85.20% ;5 AT Attention FEHY FUS U &
fixti > Overfitting Z1F A E » HAGEREMEETES E 95.51% © LU T R Attention 5
IR 3%k Loss K Accuracy FE#l|%k Epoch 2 F3 :
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12a ~ Attention FEREIZSREFE » BE4E: training » 4145 validation (+&#1: Epoch, 4&#H: Loss)
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12b ~ Attention FERIFNSRMBRE - BE4R: training » 40453 validation (il Epoch, 4tdh: Accuracy)
— ~ BERT 5%
(—)  BETHHEE
1. Feed Forward Network 2 455

Z% 3 ~ FFN 22 Encoder Layer &z Attention head {E#iZ23R

(Layers, Heads) 4, 2) 4, 4) 4, 8) 8, 4)

Total Accuracy 63.52% 06.69% 09.63% 04.86%
Average Accuracy 62.69% 65.02% 68.83% 02.80%
Marco F1-score 01.62% 04.57% 068.34% 02.14%

2. Convolutional Layer (kernel size=5, stride=1) 2455
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Z% 4 ~ Conv1D ##2 Encoder Layer % Attention head {[E#F23R

(Layers, Heads) 4, 2) 4, 4) 4, 8) 8, 4)

Total Accuracy 78.95% 75.94% 79.62% 78.04%
Average Accuracy 78.74% 75.60% 78.97% 77.71%
Marco F1-score 78.85% 75.07% 79.00% 77.26%

L EERSESES40 » FIIFH Convolutional Layer 1D % Feed Forward Network B
SE RS © HAF & Encoder Layer = 4, Head = 8 B » Marco Fl-score RE##E %]
79.00% -
() AEEEF A W R

Z% 5 ~ Conv1D Transformer % Attention ¥

(Layers, Heads) 4, 4)

Total Accuracy 97.57%
Average Accuracy 97.66%
Marco F1-score 97.78%

1£ Conv1D (kernel size = 5, stride = 1) » {4 4 {[& Multi-Head Attention HY 4
Encoder fY45 522 Marco Fl-score fs 7 2% 97.78% -
=~ B
(—) t-SNE EAIAFEAL
i Attention FHEAYHI[SREE SR HETT t- SNE [RMEREALIE - n] LIS ADE RN R
BT BARY SR 8 IR AT DAGEHAFE H Attention AU RESa) 4R H REAT IS0

R
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(—) Attention Map S &1L
FEEHAE SR T DAZEEL <CLS> Token AR JJER B R NS N 7 A 5 & (B N AV R B0H
% > 56HH BERT-based Model AEH IFRE - DT R AR BEAIRIRERT XC &k
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Head 0

Head 1

0 200 400 600 800 1000 1200

19



Head 0

100

o 8

0 200 400 600 800 1000 1200
Head 1
100
50
0
0 200 400 600 800 1000 1200
Head 2

0

200 400 600 800 1000 1200

Head 3

100

|

o

200 400 600 800 1000 1200



Head 0

100

0 200 400 600 800 1000 1200

Head 2

100

0 200 400 600 800 1000 1200

Head 3

0 200 400 600 800 1000 1200

14a~14p ~ Visualized Attention Map 71~ [&|
(=) Confusion Matrix
#&H Confusion Matrix =] DU S Hi%F(# Test data £ Actual label A1 Predict
answer £ Fy{n] 5 - AGFEHELE T LAZEER FH BERT-based Model figg 1t 548 A PR MY
AR~ Confusion Matrix #Z Conv1D-based Model ZRAVET
LU R ConvID-based Model A BRI A A1 81 BERT-based Model
(Conv1D) 7yl S HA A B HE A1 [T s S M )3 | FEf Y Confusion Matrix



15a ~ A B HAHE A RE Confusion Matrix (Conv1D-based, Attention)

confusion matrix

40
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35
spawn 0 0 o
30
tw_e09 0 0 0
25
2
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2 20
i 0 0 [ o 10 0 0
fail 15
] : o o 0 n - o i

® & ” §

Predicted label

15b ~ A HEHEHAYE R F9RE Confusion Matrix (BERT-based, Conv1D, 4 Layers, 4 Heads)
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339-Turdus_merula 11 3 6 1 10 17 7 S 7 7 3 22 10 42 5 7 10
220-Sylvia_atricapilla{ 4 12 1 1. 19 €& 140 72 00 88 2 34 15 15 3 3 0 500
497-Acrocephalus_palustris 1 13 2 1 2 9 10 8 4 106 5 36 9 rﬁ; 3 18 1 0

90-Turdus_philomelos 7 1 1 0 7 16 23 0 2 39 2 17 42 1 1 16 2

200
243Passer domesticus{ 1 ! 6 0 0 4 4 9 0 0 0 4 2 5 1 237 1 4
24-Strix_aluco { 2 3 5 0 2 9 2 0 1 1 1 9 1 0 7 12 263 1
1075-Cyanistes coeruleus{ 6 © 1 0 3 42 2 2 o0 1 0 8 1 2 4 0 o0 24 100
C7 5, L AP S S LS SRC LS, /E OR, S pOr. (L IR, A, L e
I T P R s o S Gl G S P AT i
A MR A N A S SR
Predicted label
—o

& 15¢c ~ EffEHrRIRE Confusion Matrix (BERT-based, Conv1D, 4 Layers, 8 Heads)
BE ~ Em

— ~ HERERTR
(—) ConvlD Model

FEEIES LSTM #5241 - m] DUAIE A LSTM gl SRS A FHEAE + B AR
/INEF loss fELAEEUN Y § AL ACRI & N A BRHE AU NI ASR K % Node 5L
Overfitting © Mi#EEHER Gated Recurrent Unit f5£7%1#% » o] DISEIRACE GRU {B{E1& 0]
LIAROE D FrEE Node K Overfitting HYRRE

FEER{EA Attention Z &5 - R E I EIHEFIRE IS RRATEGE - 7
HAEFHET Confusion Matrix b ] LSS IR ARG I 2 ETEVA RS HOMRSRA - fEE
B R B A LA - ERIRRE EARE R R ZARATHY  RealREE TS T t-
SNE #52(E1& - ] Uy HIRRY s BRIR 5 - Sra DL BAER - HEEHT IR GRIRAE
A EIFHHA IR AR Y RE A A —RRAVRHEL -
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(=) BERT-based Model
BERT [F5R 2Rk B NLP (175 fy 1 - BEZATRFIARENEE SIS E & Fy H AAGE
= HRBAEAGES — b2 sequence * HAEHI#EH BERT-based Model &l

4EE o DTN BJEA Confusion Matrix €848 Normalize 182 4558

confusion matrix

203-Erithacus_rubecula 0.00 0.00 0.03 0.02 0.00 D.00 .00 0.02 0.00 0.04 0.03 0.00 0.01 0.01 0.00 0.03 o
207-Sylvia_communis 0.00 0.00 0.03 0.00 0.01 0.00 0.01 0.01 0.18 0.02 0.03 0.02 0.02 0.00 0.00
117-Fringilla_coelebs 1 9-01 0.00 0.04 0.02 0.02 €.01 0.01 0.00 0.00 0.01 0.01 0.01 0.02 0.01 0.00

464-Emberiza_calandra 1001 0.02 0.02 0.01 0.00 0.02 0,04 0.00 0.01 0.01 0.04 0.00 0.06 0.00 0.02

315-Troglodytes_troglodytes 0.00 001 0.02 0.00 0.04 0.03 0.00 0.01 0.01 0.00 0.03
450.Parus_major {0-01 0.01 0.04 0.00 0.00 0.02 0.01 0.01 0.02 0.01 0.04 06
623-Luscinia_megarhynchos 1 0-00 0.01 0.01 0.00 0.00 0.01 0.02 0.01 0.01 0.00 0.00
204-Phylloscopus_collybita {0-00 0.00 0.03 0.00 0.00 0.01 0.00 0.00 0,01 0.01 0.00
3 219.Emberiza citrinella 10:01 0.00 0.01 0.03 0.03 0.00 0.01 0.00 0.01 0.00 0.04
2 A
ElQl-Acmcephalus_dumewum 0.00 0.01 0,01 0.00 0.00 0.02 0.02 0,01 0.01 0.01 0.00
104-Phylioscopus_trochilus 1 9-01 0.03 0.04 0.00 0.00 0.01 0.00 0.00 0.01 0.00 0.00 - o4
339-Turdus_merula 0-01 0.00 001 0.00 0.01 0.01 0.01 0.01
220-Sylvia_atricapilla { 9-01 0.02 0.00 0.00 0.01 0.01 0.02 0.00 0.00 0.05 0.00 0.00
497-Acrocephalus_palustris {0.00 0.02 0.00 0,00 0.00 0.01 0.02 0.01 0.01 0.7 0.01 0.00
90-Turdus_philomelos 10.01 0.00 0.00 0,00 0.01 0.02 0.02 0.00 0.00 0.04 0.00 0.00
243-Passer_domesticus 1 9-00 0.00 0.02 0.00 0.00 0.01 0.01 0.03 0.00 0.00 0.00 0.01 [{4:2
24-Strix_aluco 1001 0.01 0.02 0.00 0.01 0.03 0.01 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.02
1075-Cyanistes_caeruleus 0-02 0.00 0,00 0.00 0.01 0.4 0.01 0.01 €.00 0.00 0,00 0.03 0.00 0.01 0.01
§ ’09.%”\&5?
Predicted label [ %

16a ~ Normalized Confusion Matrix (Conv1D, 4 Layers, 8 Heads)

16b ~ Normalized Confusion Matrix (Conv1D, 4 Layers, 4 Heads)
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(7)) CX &l

BRI 18 TP N LR (Passer montnaus T Bt ERD FIBEEAIE

(Phylloscopus trochilus, € TF HHERDRIE » (H2 P —FHaiEEEEE XC Bkl EEE
19 20 FREDRHE S ST TSR o (AR R E RNV SRR A - [RILR
PR - (HREEE D HTiestis [31] 0 A S tRes e E AN 104-BRoatileE
(Phylloscopus trochilus ) Fe 41-BX SIS SEFE(Phylloscopus trochilus trochilus,)s8 Fs At
[EIHER 0.86 ~ LUKy 824-WifE (Passer montnaus)Fz. 243 R4 (Passer domesticus) 375
EMHERERR 036 » WEFTR > 0 RyiE Eas s E 5 RA# )5 - —f&nofiiy 7y
B FEERE AT - SMORIE] > FrDAA 4l aafE - a0 104-BRaa e kK 41-8X
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True label

315-Troglodytes_troglodytes 0.07 0.00 0.00 0.00
450-Parus_major 49-03 0.01 0.01 0.00 0.02

623-Luscinia_megarhynchos 0.00 0.01 0.01 0.00 0.00 0.03
204-Phylloscopus. collybita 40:01 0.01 0.03 0.00 0.00 0.07 0.00

219-Emberiza citrinella 10-03 0.00 0.02 0.02 0.01 0.13 0.00 0.06

191-Acrocephalus_dumetorum 19-03 0.05 0.00 0.00 0.00 0.05 0.01 0.03 0. ooo 04 0.00 0.09 0.02 0.02 0.00 0.01 0,01 0.00 0.00
104-Phylloscopus_trochilys 10-03 018 0.02 0,00 0,00 0.03 0.01 0,06 0.00 0.01 o‘oo 0.04 0.00 0.01 0.01 0.01 0.00 0.00 0.00
339-Turdus_merula 40-02 0.01 0.00 0.00 0.01 0.03 0,00 0.00 0,01 0.01 0.00 K& 0.01 0.01 0.03 0.01 0.00 0,01 0.00 0.00
220-Sylvia_atricapilla 10-03 0.02 0.00 0.00 0.02 0.03 0.00 0.01 0.01 0.04 o.ooEmom 0.06 0.00 0.00 0.01 0.00 0.00
497-Acrocephalus_palustris 10:03 0.13.0.02 0.00 0.00 0.01 0.01 0.02 0.01 012 0.01 0.03 0.03 [JEH 0.02 0.02 0.00 0.01 0.00 0.00
90Turdus_philomelos {0-02 0.00 0.00 0.00 0,01 0.01 0.00 0,01 0.00 0.01 0.00 0,04 0.06 0.01
243-Passer domesticus {0-01 0.05 0.04 0.00 0,01 0.03 0.00 0.01 0.01 0.01 0.00 0.01 0.00 0.00 0.00
24-5trix_aluco {001 0.01 0.00 0.00 0.01 0.06 0,01 0.03 0.00 0.00 0.00 0.03 0.00 0.00 0.02 0.0 0.01 0.00 0.00

1075.Cyanistes_caeruleus 10-03 0.01 0.00 0,00 0,05 0.10 0.00 0,00 0.05 0.00 0.00 0.02 0.01 0.00 0.g TN 0.00 0.00

824-Passer montanus 40.00 0.06 0.10 0.01 0.01 0.03 0.02 0.02 0.01 09PTTON01 0.03 0.02 {01 /38 0.0} 0.03 0.31 0.00
S2%-Pesser montanuy
41-Phylloscopus trochilus._trochilus {0-00 0.05 0.00 0.00 0.10 0.00 0.00 0.00 0.00 .oo"o. 0.00 0.00 0NQ 0.00 oAb 0.00 0.00 0.00

0.11 0.00 0.02 0.02 0.00 0.00 0.04 0.02 0.00 0.00 0.00 0.00 0.06 0.00 0.00
0.00 0.07 0.03 0.00 0.00 0.02 0.02 0.01 0.01 0.01 0.01 0.07 0.00 0.00
0,00 0.00 0.00 0.00 0,02 0.02 0,06 0.04 0.00 0.00 0.00 0.00 0.00
0.01 0.00 0.02 0.01 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.00

0.00 0,01 0.01 0.00 0.02 0.00 0.01 0.00 0.03 0.00 0.00

0.00 0.01 0.00 0.00 0.00

0.00 0.01 0.09 0.00

& 9" 4 T A R -
F QT AT N >
PSR S I 6‘ "5’

Predlcled label

o A O R g
] 2
) 4?'{» Qon 0

06
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0.2
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B PR A HIR e 5 P 218 ATt ER R NS I A s LA A TR A R S ARG
sTEESORA ELIER - XC
BRI PR 18 Tt 2N R#fE287E xeno-canto.org [5] _EAVFEIHSZE 27674

BREE LE > ERE EE N

T (HIEILERATA 927 SIS & R ErE A
CFFLVSMYES - NHRE P EHEA & [32] -

B F&R LMY E
PR anE
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o

528 lEN
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e BRTIERA_ B INERIEE » TEARRAVIF R BRI R CR [EI BB - S
SR ID - ECRETHEAE BsicR © (W SEiEA b > A SRR AE #1521 5 = sl
SBOR > R RERIER FIV4ES - SRR ZREETT -

KA H ATHRERE - e R A EAGE S - BGETRESE IF NLP 15
BRI Transformer & FIEAYGNGR o AR ZEF Transformer » 7] DURIATA
xeno-canto.org AYFATA BIUEE EFTHNISRE - FRF mel spectrogram 2¢ MFCC %¢
sequence ‘& TENSRE R G #E A Transformer N » SIS FIRE & S AIEEA » FEATLA
— A [FITEANY S IR P R (33, 34] -

ELEA [ETE 2 B %

BRI HIIRE] - S A BRI B 51 R 4 R PR A A T EC AR A B
SOUEE E - BEEEHEEREN SRR SRR ERFEARR - AEYE
Z RN E g A DEYIED 2 AT DU AR (L iR EL - 7SRRI LA
AR SRR (B AN MU > o3 1] S ELER [B S 2 AU - #E it Bass
A ESEZ FIHEALR R » FEEL A DAEAY 8 B MIn— 10077 -
TR B (A BT T R R e B2 R A [

BT FEFIER EIRYYIRE 2 RS - Bl Rl TR (A o] AR B AG A AS =
ARG R A PEss - AERR AL - E W EES 2 B4R ~ BEBUEE - BT A8
A TEEMHEDELS - A FTRER ARG A o (HRMRAKR BEBNEERE
SiglElE b - ERBEA BB E M SR #E A - HERKATLIFERE RS
AR R s L BGR. [35] -
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HEIRRES )20 S PR 2 A TR I 2 A (0 (B ES SRR I AR R Ll S R L B Y
IRFETREERF A 2 » WISRBESHR B AT R AR IR 2 SRR - i)
DU B RS IR A HAVASE - e S RITTRAERAIE R - tataess s
RN{EREA (&t RESaFRE i st R g 48 R [36] -

(F1) RAKJEH

FE£ xeno-canto.org HYERHA AT 2 » SFZFBEMEN/D - HEZIH S RESIEEHE
R ERAOES RERE B - (EER AR AR AH LAY - JE
FEERE H o ERESE EhE > SETRESTRE R R R R 52 -

— ~ B IRGRAR A [B] A= BRI HH 2 IS DU M 2R DIRAZa)l| SR 2 i AR & Rl - (HAEHE
BRTSAT > TR ARHRE R [1HRF H 2 B L o] DU AR o LR 2 o

= MR B A A] DR e A R R o PR R - BB A EIRR [FIfE A te R S AT
JEF R AE - SRS MR B G DR R PR IERARZ ] AGE A V)82 R a7y
R -

= ~ ¥ Confusion Matrix f t-SNE FE4ERE (L K Attention T L2 455 - AT DUE—FE A
PGS A P S HH A [F] A= B I R AN 5] S el MR LA 28 ELAN[ERF A8 -

a ~ FHESFY LSTM K GRU Z#lll4iiEA - {# 4 Convolution Module &AL Attention ~Z FARIFES
= 2| R DNl da 55 22 58

F ~ FIFH BERT-based Model FII48 Hi 2 BAYEL(E Fl-score 43 RITTLAEE 97.7% K 79.0% > BESTH XL
fige A BRI ET 7 | RS AR S A o W R B RS AT ] DUR AR SR Y 5 oyl ER
HIfEE -
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Common Blackbird (Turdus merula) - call juvenile
Juho Kondnen
R Turdus philomelos 90 xcsaostod 0060
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mmﬁ (Turdus philomelos) - song
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Eurasian Blackeap (Sylvia atricapilla) - adult, male, mimicry/imitation, song
Frangols Grimal
RHEE Acrocephalus palustris 497 xesseros 0066
S
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Marsh Warbler (Acrocephalus palustris) - song
Eetu Paljakks
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Robin ) « alarm call, call
Uku Paal
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Great Tit (Parus major) - adult, male, song
Ellas A. Ryberg
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,';'.‘}"',.:,,';:.‘g,.",:'“" {Acrocephalus dumetorum) - adult, male, song
B UEAE Fringilla coelebs 117 xesrinind ©090
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Common Chaffinch (Fringilla coelebs) - adult, call, sex uncertain
Gary Elton
AL A& Phylloscopus collybita 204 xeassurd 0090
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Common Chiffchaff (Phylloscopus collybita) - call
Ghiseppe Speranza
REYEME  Sylvia communis 207 xesrons 2050
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Common Whitethroat (Sylvia communis) - adult, male, song
Michael John O Mahony
fEEEE Troglodytes troglodytes 315 xestrmsod 2okl
. o e 0o
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u 0:00 042 D
Eurasian Wren (Troglodytes troglodytes)  alarm call
Thomas Bergman
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BEE ke EEEE
o : BT
Tawny Owl (Strix aluco) - call, female
Ofivier SWIFT
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Bodo Sennenburg ARt o0
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ml: A:Luam Tit (Cyanistes caeruleus) - adult, male, song
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House Sparrow (Passer domesticus) - adult, call, female, juvenile, male
Oscar Campbell |
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Corn Bunting (Emberiza calandra) - song
Stephan Risch
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ff$£Z% 4b ~ ConvlD-Based Model A~ [EfERY 2 F2FH (Accuracy)

Model (il © Epoch > 4l © Accuracy(4L © Validation ~ B : Training))
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Bif$%7% Sa ~ FEN #22 Encoder Layer & Attention head &8> 455 (Loss)

(J&, 99) (f&dl © Epoch - 4  Validation Loss) » B4R R AR HI TGS R
4,2)
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4, 8) 7 = 7 ‘ =
8, 4)
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Fff$%2% Sb ~ FEN f82 Encoder Layer 5 Attention head {[&E#7 > 4552 (Accuracy)

(e, 95) (53 * Epoch - il * Validation Accuracy) » B4RE HE SREEAEENFHIAYEEIR
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Ffif$%2% 6a ~ ConvlD #¢22 Encoder Layer & Attention head {lE#i 7 4552 (Loss)

(&, B) (fHh © Epoch » &t ¢ Validation Loss) » B 4HERE R B PIIRYEE R
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Ff$%3% 6b ~ ConvlD #5222 Encoder Layer K Attention head (#8455 (Accuracy)
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