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FRis AR S & A 3 R R 2 (cepstral filtering) 2 33 %47 3 i g ¥ B /2 (modulation
spectrum filtering) % i/,%“% Bgagizfe o MEUERBS 22 BEHEH Gl -
B EE G k82 MPEG-7 2 %3 47 3% 3t ¢ (Normalized Audio Spectrum Envelope,
NASE)z. 2 % (2 #c s M &2 e £ > R {8011 #hae 7% & 72 (Principal Component
Analysis, PCA) & "% M Fjice £ 2 R > ¥ 5 - BEMFES » AR 3200 & 83

(Gaussian mixture model, GMM) k$5 i & @ Flle - AL M HF 2 A 4 Ppew £ e > |
TR F B] A 15 % B 2 (Linear Discriminant Analysis, LDA) % 4% 2 #4382 I 78 5 » B (4 %
LR LA - A B HRFFEET F R EZ AP EFT F DL AT

'ﬂ"ﬂ E’-—‘r r-r 83.90% -

- EFLPE
1 %3
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B R % 3% (Taiwan Biodiversity National Information Network, TaiBNET) » p # ¢
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B2 E N B

*m
‘H\‘
‘ﬂ“
1 s
[e=3
ra
—_t
RS

FRER- R 2T e E G A

e pdd B apary > AL ERP > REDDERS AP EF L EE N
PRl R b AR 22 ( RE SRR THE

FH/ELR PRI SIS 2 AT AR RAR S [1-17] » AR - 2%
P BEEF G FER LA o g BFER KL T8 BRFE O A W G PR B (training
phase) fr %8 F¥ < (recognition phase) > ' RIFF 2 d T B 3 & fr e frle 503 & 7 3
(syllable segmentation) ~ #* #c #f P~ (feature extraction) -~ 2 $ih & 47 )% & ;2 (Principal
Component Analysis, PCA) ~ i* % v £ # = (prototype vector generation)fe i |+ F %] & 47 /7
% ;% (linear discriminant analysis, LDA) o #4238 fF i &d T B2 R e frle = 0 F &4 &) ~
PP ~ A b 17 3% 3% (PCA transformation) ~ 4@ 14 % W] 4 47 & 3% (LDA transformation)

fr 4 4 (classification) - Bl- & A3+H12 5 BRI HER -

Training Syllable Testing Syllable
Feature Extraction Feature Extraction
v
PCA
PCA Transformation
A
GMM
N LDA
LDA Transformation
A 4
v

Feature

Recognition
Database g

i

Recognition Result

Bl-  §aradep B rps b send )



2.1 B3 B T

ARl 2 B e 1w B2 EL% & B ik 2 (cepstral filtering) 2 33 %47 ¥
i % i (modulation spectrum filtering) % Jja "% %5 L HL2 fe3t o & > A PR B L
FRES MBI 2 T P HE 0 B O T B T 1 T O ¥ (log
magnitude spectrum) > X {& B3 Bl AR T 7 P H EPE G e 0 2 18 ¥ IR
RBCGT Rk 3 0 L RF R R v L JEORE - B3R P R RS
HE ¥ BT 1 (smoothing) M ¥ AL 3 A B 2 FAR 0 SRS AV R R Rk 2 ic-;ﬁ’uf
BN B A FrRz FEIEH L P - A F B0 F R phiAR i e S R
(modulation spectrum) » i F 33 %47 ¥ 1~16 A% ¥ (Hertz, Hz)#= Bl chik e £ (L5 4R34

i‘m\

eV E P - IR AUEE > B2 Gl R 2[0,1]0 £ & Rdez AR T
SR 85 SR 1 00 S WIS BT R SRR o TV B AR B 152
$E 3 o me%ﬁ%&r’f :

H A1 B3 = (frameing)* | 5 512 £4p- * -

2 W E

N-l —jzﬂﬁn
X, [k1=D x,[nIwlnle V> 0<k<N

n=0

g
T
=

SEtEA ) S xn]E T d g BHAEZ % 0 BAELE XK E F g B
ez % kB &2 F Gl wn) i 2P AR ¥ (Hamming window)2_ % n B f#icid .

win]=0.54— 046cos( )o n<N

% 58 3. P4t Bl
M, [k] = log,,|X,[k]
LR VATIPE E SR E S
H I A
HT 5 ROV A i patk iR e 1 18 B (B A R

C,[n]= %ﬂ[n]qu[k]cos[%NJrl)} 0<n<N-1

He Cyln]s w4 e yn]2. T &40 ¢



1

unl=<2"
1, 1<n< N

n=0

%S #-DC B2 FAR2 B D'y > TRT - F ROF2 EPEGE i

, Cln], 1£n<N/2
— q
C,n] { 0 , otherwise

H 6. F AR R

HEPT 3 R g 1 E L 2 O

N-1
M [k]= %Z,u[n]q][n]cos( ,0<k<N-1
n=0

7zk(2n+1)j
2N
HFT. AR

M [k]ie F PR P~ P i 5 12(P =86 4 1 §2 PF )2 4p e 47 5 2. 44 B 3 1%

fic akp i g 4
2 & m2p+1) _
Y, [k]= P/A[p];Mq+p[k]cos(—2P J ne[0,P-1]

BHY VKEZTF5kBHEIZEn BASHEHFAEGASESF =nHy) o
38 #-DC B2 FAp2 3 A H fﬁ‘ﬁﬂxi}é&f T 1~16Hz & 2 33 fH4p 3% Gl iE -
%O w4 T B

HT 270 R R B g 4 18 T 40IE 2 RO

M., [k]= %i HLpIY, [k] cos(W} nel0,P-1]

%10, & i
AR ¥ e R

M;wr [k] — Mq [k] - Smin
max Smin
Hd = i L= 1 i o
B Spe = max  (M[K]), sy, = _min (M [k])

HI AL 5 R AU
R R 2 FHHO G e S R R AT AR R T PR SRS 2 5 1 UL
enh _ nor
Xk] = oX, [KIM k], 1< g < PO<k<N

HY ofh it frlce



(a) (b)
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(©) (d)
Blo () Rdet sesnz &g B2 apsh (D) R ig 68 5 15 2 403 (o) hasd S0 o A

o2 HE3 (d)se it fo 2 HF 3 o

2.2 FHARP

¥ a k2 & - R 23 & A - ] 3 B (cepstral domain) ® B =
2 ¥ oE 4 ¥ % #ic (Two-dimensional Mel-scale Frequency Cepstral Coefficients,
TDMFCC) % # fi = ‘4% f )47 3 1% #c(Dynamic TDMFCC, DTDMFCC) > 72 % f 4 3
(spectral domain)#B~ MPEG-7 2. %5 #7 3% 3t # (Normalized Audio Spectrum Envelope,

NASE) % % & 2 it £ o
C]

221 MPEG-7 2. B3 3 3¥ 3t ¢ 2 33 % fhdic

EMPEG-74% 24 @ [18] > £ $ ez A7 3¢ B 1 o 3 UL BLa S ] o 0 2% A g
Foervg S B B MM o ST A R SO Sk B B EE > 4ot T L HURE )
FE g it o B3 #E 3 41 ¢ (audio spectrum envelope, ASE) 2 MPEG-74%& 42 4 4 * »t
Fom R EF ELY F - A 2 FOEGH > A & £ 45 i 4 2 loEdge (3F 3K 62.5Hz) &

hiEdge (% 5 16000Hz) ¥ 4 3 ] 731 » #- 4 **loEdges hiEdge B <M & 1 A 2 % B Af
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Foed A - R R R RT R A N A (Octave)f2 17 & 5 A 0 121000Hz 5 ¢ s b
T oo B9 E - g ¥ 2§ H4F F(Bdge) i N 4o

Edge =2"" %1000
34PN R iR R mUE e e 25 e B BIE SR o - @ % OHzFlloEdge
S G E 0 - B REdgeR BT F - LR AR B2 A - B R 3

B2 Edge EH » - L5 BRRA A ik B A PR -

1 coeff 8 coeffs 1 coeff
-t bt

I | | | I | [ I [
625 125 250 500 1K 2000 4000 8000 16000

I I I [ |
I I I
I |

below-bang & T T T T T Tthnbard T T T T bove. band
T T T T T Spower T T T T T TS >

Bl=z ~EZHEFRLE

- AMRFMEF AT F BTRAATY gk F LS RG-S 5 44100Hz)

index loEdge hiEdge
9 0 Hz 62.5 Hz
2 62.5 Hz 125 Hz
, 125 Hz 250 Hz
9 250 Hz 500 Hz
P, 500 Hz 1000 Hz
Ps 1000 Hz 2000 Hz
s 2000 Hz 4000 Hz
9, 4000 Hz 8000 Hz
s 8000 Hz 16000 Hz
9, 16000 Hz 22050 Hz

NASE 2 MPEG-71-# ¥ § 445 - B3 22 ASEfAfici & 3 4 B 2 %] & (8 Al
Lz it Raft- BEFRTEA T T e 5135342 “TU N % ¥ it 5742 NASE
GEMEFRR R oG R B adp MY R K AT A PRE - R Ap
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I 4 2. NASE 4 #icis 5 P8 I 2 = o AR E AR % i 45 (DCT)» B~ 8 5| - 5 %83
NASE % A f2 25 0 £ B MO 28 (> (7 5 # A ® 0 Bl 5 RBNASE % 4 i 2 s
A% 1] o

Bird Syllable

l ,,

Audio Spectrum
Envelope(ASE)

Framing

y

Normalized Audio Spectrum

Hamming Windowing Envelope (NASE)

A 4 \4

DCT along the time axis for
each NASE coefficient

!

NASE Modulation Coefficients

FFT —

Ble 5 rR2 BFaE34e A% Gk 2R

- P A4 BT
#2 1: P-3 = (Framing)
- BFFEFEA- B BhFIE A5 S120 @ L RE B R
ZREPA L AP RERBF =L - Lo
# 2 2: F i P AR§ (Hamming Windowing)

TRAIERRS - BEPART  EPART ST o

»ﬂﬂ=054—0«m%9?m9,05n3N—1

H P 3: boik &= @k (FFT)
F A B P B A

Nl 7j2ﬂ£n
X,[k]=>5[nle V', 0<k<N

=
ml4
Rl

b, S[n] C AETARL T F RS E



H3 4: 35 ASE

H A 435 Parseval’s 3% > 3-8 4 FAEH2 TI0E

S

ka

1

St
L

N-1 )
E, =) |wn]
n=0
BEE S I GHE T A BT

1 2 N
Pk =——IX [k fork=0and k=—
) (k) NE X, k]| 5

w

1
P(k)y=2——
=2 ]

w

X,[k]" for 0<k<
! 2

B ARSI A BArd 22 BT AL S - BRAES > X8 NE B
+ i £
N-1
ASE(l, )= Z(pf(k)P(k) 0< f<F
He fR RIMAPRL A G F i RIFEF 28D 7 g(k) 5 47
RS

L AEE ¥ S S Nl
ASE (1, 1) =10log,,(ASE(L, 1))
% 5 35 NASE
¥+ - B ASEgp it it 2% iF> g 3B 5 - BHi22 RMS & &

GARNR % A7 S ¥ B e RMS &

R - \/“<ASEdB<z £, 0<r<F

£ %33 NASE & :
NASE(J,f):%(”f), 0<i<L

1
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# Z 6 HATAR ## 3% (Discrete Cosine Transform)
EMUf) 5973 NASE(L f) ir FPF R $h2. & o AR Z 3 278 3l 2

PR e 3 e

L-1
AﬂU):lZMMﬂMkaQmmmOSZ<LOSf<F

i=0

L] t—LL%HB"M(I,f) %&ﬁ'{fﬁl" lf*i‘ﬁf(%’i\lrﬂf’gxfﬁh’?mﬁbmqﬂz’ '-jz'al:gviizlv'
FANASE 31 S99 B BT % ] 5 BXS T o £ R) S SR, e
o Bem T BARKITEFH AT OS5 X 45 BT S NASEZ2Z A &

A P o

222'%%&@ A ik

= X iE|HE ¥ % f(Two-dimensional cepstrum, TDC) & A& # 30325 F #%8 F [19-21]0 1 &
B TR - R o AR GUEE RECEEF R R L N AP AR 2
S - BRI E S VL R AR- B SRS RHEREEFEfR LS

i

[ s JAGRT AN - B B R el R T S el

ﬁﬁ&%ﬁ%k%ﬂ%ﬁ%%&%Fﬁwﬁyﬂég:ﬁ@ﬁﬁﬁ&ﬂ§ﬂ¢i%m{

=
F_w.

AT A i g AT R T TR R Fet A B AU chik i B A B A B
itk 39:1__‘% FEEL F F L ﬁ&p\" 2B che T A P ERER - KA 3 }}( f@]af;afg;g' Gk L=

—@%%W&%ﬁﬁﬂ’%ﬁﬁﬂﬁq’ﬂfﬁlJﬁﬂﬂﬁﬁﬁ&ﬁ%ﬁ’ﬁﬁﬁn

o AR AR F R e B B L B fEa F - A it B4
@ (logrithmic spectra) i = HHLATARZEIF > d 30 - BHRPITRZE R E 5 7 L 1L
(separability) » F] gt 2 i 7 12 L4 Gp o2 E - e R R R s e

B B0 g ﬂ%ﬂwf&ﬂ%wﬁﬁﬂé ez 4 R Sl )
AR R AT R > TR W iR ek Glce > H T R BlAe BT Ao
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Frequency g Wj‘:"‘ j Frequency A
# > ol -
P mR=R =R 00 -
A e e e It [ S S P
# I > ] [ ]
% s = L .
% g s s ——— I L]
Time Time
He- 23lE2Hf - B E Gk

S 14 B DCT

BI 358 s G iced 2 AR R

PEE - B S R A Rk e BT

ﬂ}?&ﬁ 1.

W 5 2.

% 2 3.

W 2 4.

# 5.

3£ % (Pre-emphasis)
S[n] = s[n]—as[n—1]
He s[n]éﬂiﬁjkgmﬁ,{ v aeIpk E s 095 -
B3 {2 (Framing)
BE - B ErLA- B- BhiiEr X)L 5120 @0 20 RE B fEEL
BPHAA AP RERBF =L L o
%t % P 4R ¥ (Hamming Windowing)
N k;ﬂ'%ﬁi BRiEgRi o i @ ME - & BFI=ift - B PR
FoFEPARE N F AT e

m

2
n]=0.54-0.46cos
win] o

), 0sn<N-1

Beig > 3 (FFT)
B LI P 8 4 S S

N-l —J ﬂkn
X[k]=Y5nle V', 0<k<N,
n=0

He

=
Y
mls

F= 4 o] o
# § = & 74 i gk B(Mel-frequency Triangular band-pass filter)
g3t A B EE G iRt B 3 B RMM 2 0 @ E_% J$ic(logarithm) %
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T

R AR BN A S - BREY > T X D E B o

L=
At

ek

h

—1
E = ¢.(k)4, 0<j<J,

0
J iz bRt B2 B, A 5 X[k]ehdR g
A, =| X[k, 0<k<N/2,

=~
Il

mg s wj BRI E:
0, k<I/ork>1I]
¢ [k1=(k=17)/1] -1}), 1] <k<I]
U] -k -1y, 1!<k<I]

RN
o
i

WipAm o I), DAcl] A w4 % Bipd B2 MAF R 515 > ¢ B4

[l_/: flj ’]Z: fcj ’]]{: fhj i
(f./N) (f./N) (f./N)

FEmIES o £, S, f) % BRL B e A F B

B IO S A -
# ,?F 6. = BIHITAIZ & (Two-Dimensional Discrete Cosine Transform)

AP C AR EE L G T AR AR - a2l B -

5 B G197 38 4

J-1
7, .
:Z(;cos(mj(]+O.5))10g10(Ej), 0<m<L-1
J=
HY CR4% i B2 % m B E g G L A4 245§ B Gk
iEfce APE* T 25 B b B AT J=250 @ e OB B ik
5 IS5(L=15) e £ #73 225 f EE R A R S - 2Bl 2 B 5N gh it

b fceE R B - = BRETAR S e > T BB - AR s E

#c42 < (TDMFCCs) :

TDMFCC! = Z}m@%—m+0$x7 0<m<L-1

k=0
B¥ MA- 3 EN SRR T D Ao a1 e i
B EN MO el 0 T AR B A M 2 - A )R A
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223 % fi = S iF ST ik

Furui #& 81006 5 B RFRE5E 5 2 7 2 [22] 0 H & i S R0 i G % Bic(regression
Cmﬁmm*%mﬁﬁiﬁ%@%w’@waéﬁﬁ; b ek < 3 it e
—EBEF KRB THE BN AMTE G RBLPO)L S > BE B TR
NI ol R R A ETF HBcE ME AT R B AR T ER G ke

HiodFs v ER I amnk o £ a()E T e i BRIEL S B F Gk B R
> AN AT
Zn(|Ei+n (.]) - Ei—n (.])|)
a,(j)= =

ny 4

2

n=—ng,

E)% 7 &% i BE122 % j BRI G 5B o

£33 il FAE ¥ Tl Fip i s &P: Glchd A g PR s A
'ﬁiﬁﬁ@%“%ﬁﬁﬁrﬁﬂﬁ%ﬂ%éﬁ@@@%@wAJ@&ﬁ%%#ﬁ—ﬁﬁig
SR RE A - SRR R R A SRR Y & Bt DB ARG SR P )

IR E RS T AP Ak A TR B R F T R
2 H o

Bo iy = AR ORI Gl A b ek g - B R Wit BRI
PRI R s G B2 AR A R R i T £ 4R
BRI EEE LT RES LD AE R e ke

R PR T e BT

F

Z 1: g (Pre-emphasis)
S[n] = s[n]-as[n—-1],
s[n] &3 If'“ﬁsa])\ MEL aaFEERE S 0950
# 3k 2: P-§ 1= (Framing)

,_1[} -kfil]%\:—‘lﬂi-—l@im = %] 4 512> @ @

ETTS

o
e

3D
ﬁ
iy
T

ABPI A APRRERIEH- L o
H 2 3: = f & (DFT)
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X,[k]= Zx nwfnle N 0<k<N

He NEF1Ex ) & xyn]d 7% g BHI=2 % n BMEE > X [h]5 % g B

® ¥ win] : 3 P AR ¥ (Hamming window)2z. % n B (% #c

win]=0.54— 046cos( )0<n<N

# 2 4: = & 4 i gt F(Triangular band-pass filter)
Fl* 2 A F Wk BB A, - BRAEF - L8 IE BAEF aa £

K-l
E =Y ¢.(k)4, » 0<j<J -
k=0

HE S PEulFhk
PEG)E NI BRIEL N B2 AR FW A R F R 4

oot

:‘i;‘/,%,iﬁ»%iﬁi%]ﬂ:Tﬁfﬁﬁﬁﬁ“"'ﬁﬁ?#@;'l’“E‘ i b T aq)):

n(|Ei+n (D-E._, (])D
a,(j)="" ,05j<J -

1y

2

n=-n,

#HF; 6: Hiraks= i3k (Discrete Cosine Transform)

$Hgati ekt A b a4 L D T8 C(m) :
J-1
C/(m) = Zcos(m (j+0.5)log,,(a,(j)), 0<m<L-1
j=0
HI T B R E B P R R e
£ CCl(m) 3 ¥51F C/(m) v % PF R fh G AR 5% g 3 18 1) e = S is | ig)
W e N3 doT
1
CC/(m )—M—ZC(m)cos(ZﬂZq/M)
i=1
BHY g @R ISgSM-2 Mi35 &858 ¥4 £ EBCl(m) %
Yo (TR AP RN RS E RO T B A ¢ ISR

Ti'lﬁﬁ?\;’g" fﬁﬁﬁz?viﬁ.—’\ ) % 155 o
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v AE R D A B A e i BT LA P
ISR AR KRS R R AT £ Fn) b 0 S iR D e A

B R R GRS 2 e £ 0 BRI E 2N T

F(n) F(n) mm(n) ,
maX (n) ITIIH (n)
He s F) a2 R a2 Fw B F () fcF, (n) 5 % n BHME2 S 4 @ik ]

3 i $h4 7% & % (Principal Component Analysis, PCA)

A AT FEEE [23]2 A R P RS M B2 AR 0 R A Mk § 2 AR
EAIAST M A UAPE 4ol % AR ERN FHFER A 2ZFTAE > Fla 3 BEM
w2k o 3 ERPRIRL TR SRRSO A R RS A 2B AL PCA
TR fRAena & A o

PCA A E 3 VAT 2 ks £ Ti5% B #ik®'L 2 cigenvalue 2
eigenvector » I 11 eigenvector § ¥k & K st e > @ eigenvalue e /] ¥ ol H
& 2 eigenvector 3 {5 2 F AT IRF 2 TR % ] o eigenvalue 4% % £ 77 TRl (FaRE

R PR ERE AR > A R RN X AT A GORR > THAGARR

FETERF T ARARL S )]*{Fru » 12 eigenvalue B #e+ 2. eigenvector i s |4 ik 2.
AR 0 (S hdE s 1§ [F) € 1 14 eigenvector §i0] £5 eigenvector 3 {8 A T 45 R
K% o PCA 2 37 FpdeT™
HF - ETHe R
m = E[X]
He XE 73 9" RFM2ZE L X={x]i=0...N}>m 75 P RFHnT

o £ 0 NLPRF R M -

HF2: L TnE L0

B3 I TR B AR C
C—lﬁ:x'(x')T
N& i\ A

24 £ R e C iheigenvalue 2 eigenvector & #-H i eigenvalue Ed ~ 1 ]
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£ ATE B
HAESKATRR ET(E 7. FFahFTELR) N EHEisar d

D
x> A

1
i=1 i=1

M=
N

HeY A&7 % 0~ 2 ecigenvalue » D 5 # 4%+ 2. ‘AR
ﬁ}?&ﬁ 6 MATIERF 2 d 1 eigenvector ¥47F TRl (T AU
y=E'x,

He E 50t d B+ eigenvector 1 & 2 f kgL o

284w g4
4SS S
D ke AT AUk e e

F 0 k- * 3 2R & $07](Gaussian mixture model, GMM) k & it > » )I* o=

RN SRRV ER P R

g F gk
iJFWi%?W%Wﬂ%%’”wfﬁﬁw—%é%é%—
-5 H ZARFET UL RBBFE(FEAT) A B ELARFE
#&@ﬁg@wmo

Bl o RF BEAORSWAAEIER > H A RPN FTRT ABE L AR

.‘n\y
\\‘1"\.

W
Ex

S o - A B A B AR & H0A) 2 Sl £ * EM (Expectationn Maximization)#
FiE24] e B E AR A RAERIBANR SRR Y S R S o G oadk2 SicE 0 2

SR BT A2 2O E p(X|O) 4 B X=(x(t),r=1,2, ..., N} 5 RF
Lo B B L N SVRFELED D O={pO )T, |r=12.. M} > p6) 5

hpEOR SR P % BB 2rA 2 % 9 48 5 (Prior Probability) - p, 3 Ti5Ew & 0 X,

5 %R #cerd (Covariance matrix) » M 5 % #7R S H73)Y B 274 2 ¥#c - EM 7 & /2
2_FH ,% L
*}5'/5# 1: # {7 K-Means ;¥ & ;2

BOR o RpE AT G A "LWLFJ T2 B Hre i E S 7 K-Means j§ 5 2~ ¥
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(0, | x(1)) = 20IPED]6,)

ZP(Hr)p(X(f) 16,)
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X

[_ x()-p) &, (X(t)—ur)J
2

di e E2 8 -
# 2% 3: Maximization-Step
I %3 293 B2 TR E - LATIERIZ SoiE
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T 450

)
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2P0, | x(0)x(?)
ﬁr — t=1

ZP(@ | x(1))
£ %R el

2@ X)) - B~ B
¥ = t=1

2. p(0, | x(®)

HH 4 ERNEHF 2~3 0 F Ffcacs o

2.5 BMF W 4 7% 5 72 (Linear Discriminant Analysis, LDA)

AT AATIR B A (23] P K- B R AR e B S - BIAER D
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R BT = aghi Y r R Vel S DA R 35 B R D = s B S B S A
FEAELZ AT 3 N MR B AR E E A B A AR g B epeaEc] o
T 0 A eapn 2 B aped gk < (b o 10l > &7 g — B i 3 4E 'L (transformation
matrix) K - R n fF e EEE A AR d e 0 e d<n > GBS A
P d Pigu 2 Fand B o B @ % cngde4prL A & 245 Fisher criterion J,
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Jp(A)=tr((A"S,, A)7 (4" S, A))
B S, feS, » B & a8 8 ) 2 471w &L (within-class scatter matrix)fe % & 4 %] 2

37 v 4B 'L (between-class scatter matrix) > @ Fo #f B 2_ 7% B L o N de T
C ) .
Sw=2.2 (-1 R

Aox] A& REER Y % B e ® o R F j AT 5% £ (mean vector) © C E ¥

BB o on, B AN AL s £ Bl B R AT L KT B 2 e
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BT BBt e g oMM FHRAITFEZ DD DI & RN R RS L4t
A e e 87 W 2 4TiF B gt B S bt B % 4B L (transformation matrix) 4, > @ H

B A anxd:

4,, =argmax

- k> T o d RAUSS, i s £ (eigenvectors) k B ] 0 @ A4 dBiFwE
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opt T~

= A d 1B~ F e (eigenvalue) B AT 2 B fte £ o fpt AP B(5 B AN S

B B R EL 4 {80 A4, #F - kAR (normalized)fs 2. n
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Brd EATEHRB IS 44100 Hz o B F X 0] 5 16bits $HFRLE P 4G 5 ATHEB-
AR > AP I N HEREI TN EES S A28/ EMEE T 3143
e 646 BRI & AEA P A ABEERS TR S kD cRFH

& - &P - s EE % 8(TDMFCC) ~ # fi = 47 f 54 ¥ % S (DTDMFCC)
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090 Eyeitfrx 5 76.01% > 8 * 3% & 2 2 = (Fusion-3)Z & i FEit ;@5 ¢ 5 B~ PCA
FMHEE 093,095 2 096 Byt /e 5 81.11%; B (s @ * % & 2 /2 w (Fusion-4)2 & &

FERDFES Y 5P PCA PR 0.95 H et A5 5 83.90% 55 & 11 1 F S Bicdh k5
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Bird Name Training Syllable Test Syllable

* B 10 4
]k R 229 37
R S 17 25
B g 296 29
R R 120 22
RS R 194 57
=¥ 98 14
CRy ] 100 37
B AR 172 15
% 70 8
Hkh 31 31
#78 122 53
FALE 140 14
E Y 49 12
EE LR 61 24
Rl 230 18
B ER A 131 30
MRS 4 123 27
L 51 8
F 5 284 45
SN 222 27
¥ IR 76 12
%% 149 34
BEEE 32 16
A M 32 18
g8 61 14
Erg 23 10

izh 20 5
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#Z B2 e g an

Feature Dimension
TDMFCC 75
DTDMFCC 75
MNASE 45

v od PCA (s & Hfcr B A7 b PHEET “H R 2 HACHR

Threshold 0.90 0.91 0.92 093 094 0.95 0.96 0.97 098 099 1
TDMFCC 36 38 40 43 45 48 51 54 58 64 74
DTDMFCC 31 33 35 37 38 42 44 48 52 58 74
MNASE 21 22 23 24 25 27 45 49 53 59 74
TDMFCC+ DTDMFCC 50 53 56 60 64 69 74 82 92 107 148
TDMFCC+ DTDMFCC
" MNASE 60 64 68 73 78 84 92 102 115 135 193
2T B £ 2 PER (%)
PCA Threshold
Feature

090 091 092 093 094 095 096 097 098 099 1
TDMFCC 77.86 78.48 78.02 80.50 80.50 80.19 78.79 79.57 80.34 80.34 75.23
DTDMFCC  73.84 74.61 74.46 75.85 72.76 74.77 73.37 72.60 71.21 71.83 74.15
MNASE 57.28 58.05 58.05 60.53 61.46 62.38 62.38 63.47 58.67 57.12 56.04

+

%A WA fEE & 2 % 3 TDMFCC 4r DTDMFCC % & 2 3535 1 7& 5 (%)

PCA Threshold
0.9 091 092 093 094 095 096 097 098 0.99 1
Fusion-1 81.27 82.35 80.50 80.96 80.19 82.66 82.66 78.95 78.48 77.55 75.39
Fusion-2 82.51 78.02 78.64 82.20 82.04 80.80 78.64 80.96 80.50 76.78 75.08
Fusion-3 80.19 79.88 79.41 80.96 80.50 80.19 80.65 80.34 80.65 81.42 78.95
Fusion-4 80.34 78.79 78.95 81.42 80.65 82.51 80.96 79.41 78.64 76.63 76.16

Fusion method

% = #-= f8 4 e £ (TDMFCC, DTDMFCC, MNASE) % & 2_ %23 it 72 % (%)

PCA Threshold
0.9 091 092 093 094 095 096 097 098 0.99 1
Fusion-1 78.79 76.63 77.24 75.85 75.54 76.63 75.70 71.36 75.39 74.15 70.28
Fusion-2 76.01 75.08 75.08 75.08 74.61 73.84 74.15 73.22 73.07 74.15 72.45
Fusion-3 79.57 80.96 79.41 81.11 80.96 81.11 81.11 80.96 79.41 78.17 73.68
Fusion-4 80.50 80.03 79.57 82.04 82.20 83.90 82.04 80.81 77.40 75.54 73.37

Fusion method

23



[3]

[8]

54 o

J. Kogan and D. Margoliash, “Automated recognition of bird song elements from
continuous recordings using dynamic time warping and hidden Markov models: a
comparative study”, Journal of the Acoustical Society of America, Vol. 103, No. 4, pp.
2187-2196, Apr. 1998.

A. L. Mcllraith and H. C. Card, “Birdsong recognition with DSP and neural networks”,
in Proceedings of IEEE Conference on Communications, Power, and Computing, Vol. 2,
pp- 409-414, May 1995.

A. L. Mcllraith and H. C. Card, “A comparison of backpropagation and dtatistical
classifiers for bird identification”, in Proceedings of IEEE International Conference on
Neural Networks , Vol. 1, pp. 100-104, June 1997.

A. L. Mcllraith and H. C. Card, “Birdsong recognition using backpropagation and
multivariate statistics”, IEEE Trans. on Signal Processing, Vol. 45, No. 11, pp.
2740-2748, Nov. 1997.

A. L. Mcllraith and H. C. Card, “Bird song identification using artificial neural
networks and statistical analysis”, in Proceedings of Canadian Conference on Electrical
and Computer Engineering, Vol. 1, pp. 63-66, May 1997.

B H, UFHELAIALOEFMRANTY”, A2AEXFRLHm, ¢ F

B Lt=-&- 7

S. E. Anderson, A. S. Dave, and D. Margoliash, “Template-based automatic recognition
of birdsong syllables from continuous recordings”, Journal of the Acoustical Society of
America, Vol. 100, No. 2, pp.1209-1219, Aug. 1996.

A. Harma, “Automatic identification of bird species based on sinusoidal modeling of

syllables”, in Proceedings of IEEE International Conference on Acoustics, Speech, and

24



[10]

[11]

[12]

[13]

[14]

[15]

[16]

Signal Processing, Vol. 5, pp. 545-548, 2003.

A. Harma and P. Somervuo, “Classification of the harmonic structure in bird
vocalization”, in Proceedings of IEEE International Conference on Acoustics, Speech,
and Signal Processing, Vol. 5, pp. 701-704, 2004.

P. Somervuo and A. Harma, “Bird song recognition based on syllable pair histograms”,
in Proceedings of IEEE International Conference on Acoustics, Speech, and Signal
Processing, Vol. 5, pp. 825-828, 2004.

S. Fagerlund and A. Harma, “Parametrization of inharmonic bird sounds for automatic
recognition”, in Proceedings of the /3th European Signal Processing Conference
(EUSIPCO 2005), Antalya, Turkey, Sep. 2005.

P. Somervuo, A. Harma, and S. Fagerlund, “Parametric representations of bird sounds
for automatic species recognition”, [EEE Trans. on Audio, Speech, and Language
Processing, Vol. 14, No. 6, pp. 2252-2263, Nov. 2006.

M. B. Trawicki and M. T. Johnson, “Automatic song-type classification and speaker
identification of Norwegian Ortolan Bunting (Emberiza Hortulana) vocalizations”, in
Proc. of IEEE Workshop on Machine Learning for Signal Processing, pp. 277-282, Sep.
2005.

A. Selin, J. Turunen, and J. T. Tanttu, “Wavelets in Recognition of Bird Sounds”,
EURASIP Journal on Advances in Signal Processing, Vol. 2007, Article ID 51806, 9
pages.

S. A. Selouani, M. Kardouchi, E. Hervet, and D. Roy, “Automatic Birdsong
Recognition Based on Autoregressive Time-Delay Neural Networks”, in Proc. of 2005
ICSC Congress on Computational Intelligence Methods and Applications, Dec. 2005.

C. F. Juang and T. M. Chen, ”Birdsong recognition using prediction-based recurrent

neural fuzzy networks,” Neurocomputing, vol.71, no.1-3, pp.121-130, 12 2007. (SCI ~

25



[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

ED).
Edgar E. Vallejo, Martin L. Cody, and Charles E. Taylor, “Unsupervised Acoustic
Classification of Bird Species Using Hierarchical Self-organizing Maps”,

Springer-Verlag Berlin Heidelberg 2007, ACAL 2007, LNAI 4828, pp. 212 - 221,

2007.

H. G. Kim, N. Moreau, and T. Sikora, “Audio classification based on MPEG-7 spectral
basis representation”, IEEE Trans. On Circuits and Systems for Video Technology, vol.
14, no. 5, pp. 716-725, May 2004

Y. Ariki, S. Mizuta, M. Nagata, and T. Sakai “Spoken-word recognition using dynamic
features snalysed by two-dimensional cepstrum”, IEE Proceedings on Communications,
Speech and Vision, Vol. 136, No. 2, pp. 133-140, April, 1989.

H. F. Pai and H. C. Wang, “A study of the two-dimensional cepstrum approach for
speech recognition”, Computer Speech and Language, Vol. 6, pp. 361-375, 1992.

C. T. Lin, H. W. Nein, and J. Y. Hwu, “GA-based noisy speech recognition using
two-dimensional cepstrum”, IEEE Trans. Speech and Audio Processing, Vol. 8, No. 6,
pp. 664-675, November, 2000.

S. Furui, “Speaker-independent isolated word recognition using dynamic features of
speech spectrum”, IEEE Trans. Speech and Audio Processing, Vol. ASSP-34, No. 1, pp.
52-59, February, 1986.

R. Duda, P. Hart, and D. Stork, Pattern Classification. New York:Wiley, 2000.

D. A. Reynolds and R. C. Rose, “Robust text-independent speaker identification using
Gaussian mixture speaker models,” IEEE Trans. Speech Audio Processing, vol. 3, no. 1,

pp. 72-83, Jan. 1995.

26



EN S LR e

FI* AP EF 2R PERL EFR AT RT3 2 BV R A2 SR
POBBREEfAP S EMITERE G 22 A P SRR TREEIRE A S RT KT
B E R AR N (AP RPN 2 5L ETERART A4 55
PERZAFE? o FRAUFFEA 2L IR TR 2826 ARL 3 > 1ilse
A5 FHRPBZET I S FRETERT o R VRIRLRAGE S EK o
LA B aﬁ&m 4 ,m?g,a BH WGt b S BRT R B 2 AT s o 4
$ 450 48 > AN G 3146 BT SO f6(4 BATIE) -

c

h
>/
=
vy

)\
C‘J
d""
.
.._’3

%%@ﬁﬁ@?AASﬁ’uﬁaé%%%~»*%ﬁiﬁﬁ%i&ﬁ’zfﬁy*‘
P R TR HA PR
peeb Rt e fE R F A B Sl F Rl R L ST B E
FELEMAE FLBLB PR B LEY o B AL 2 P2 B3
bt apd BE R A iF e hd poel el Y o S aEEe
TR LAY o P 2 E RBAENT 9,200 80 1 A~ 5\ es
AT 45048 A sE T A 18 P 68 1o WRHR 0 AR BN A
FOLA LS Rk o AR AT FE 4 F AR L A S 2 p B R
iﬂ?)\ipi‘JY#JFEE”?’\”E,%i‘FT’"FP" AR r Rt TRRECHE B Eeph 2
PR Ry A L EARP R FOD RS 0 T A PR S Rl
gﬁgmﬁa»%,Mﬁmgz%gafﬁi%%ﬁ’@ii%%ﬁéﬁiﬁﬁﬁﬁﬁ
Bohyrd e m 37 p SreRh B SRR LS T Y Y LR 2L R
B o BoiE e dow i 83.90% o

P s e g A2 AR Y 4o

#p 73 = (Journal Papers) :

[1] C. H. Lee, C. C. Han, and C. C. Chuang, “Automatic CLassification of Bird Species by
Their Sounds Using Two Dimensional Cepstral Coefficients”, IEEE Trans. on Audio,
Speech, and Language Processing, Vol. 16, No. 8, Nov. 2008, pp. 1541-1550. (SCI, EI)

[2] C. H. Lee, C. H. Chou, C. H. Han, and R. Z. Huang, “Automatic Recognition of Animal

Vocalizations Using Averaged MFCC and Linear Discriminant Analysis”, Pattern

27



Recognition Letters, Vol. 27, Issue 2, Jan. 2006, pp. 93-101. (SCI, EI)
[3] C. H. Lee, Y. K. Lee and R. Z. Huang, “Automatic recognition of bird songs using cepstral

coefficients”, Journal of Information Technology and Applications, Vol. 1, No. 1, May
2006, pp. 17-23.

3t € @< (Conference Papers) :

[1] C. H. Chou, C. H. Lee and H. W. Ni, “Bird Species Recognition by Comparing the HMMs
of the Syllables™”, in Proceedings of Second International Conference on Innovative
Computing, Information and Control, Kumamoto, Japan, Sep. 5-7, 2007.

[2] C. H. Lee, C. C. Lien and R. Z. Huang, “Automatic Recognition of Birdsongs Using
Mel-frequency Cepstral Coefficients and Vector Quantization”, in Proceedings of
International MultiConference of Engineering and Computer Scientists, Hong Kong, 2006,
pp- 331-335.

[3] C. H. Lee, C. H. Chou, C. C. Han, and R. Z. Huang, “Automatic Recognition of Frog
Calls Using Averaged MFCC and Linear Discriminant Analysis”, in Proceedings of the
9th Conference on Artificial Intelligence and Applications, Taipei, Nov. 5-6, 2004.

[4] C. H. Lee, C. H. Chou, and R. Z. Huang, “Automatic Recognition of Bioacoustic Sounds:
an Experiment on the Frog Vocalizations”, in Proceedings of the 17th IPPR Conference

on Computer Vision, Graphics, and Image Processing, Hualien, Aug. 15-17, 2004.

28



