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Developing BioAcoustic Discrimination System Based on the
Cricket Sound Database of Taiwan
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Abstract

Cricket sound could be inter- and intra-specific communication signals and being as
important mechanism in alarm and reproductive behavior. It could be applied in the
biological taxonomy, ecological inventory and leisure/eco-tourism. The study developed
BioAcoustic Discrimination System (BDS) based on the cricket sound database from
Taiwan for the convenience of identifying cricket sound data automatically. Cricket sound
database of Taiwan established since 1987 continually by Entomologic Taxonomy of
Laboratory in National Chung-Hsing University. There are 497 analogical for 9 species of
Gryllidae, 12 species of Nemobiidae and 3 species of Trigonidiinae included in the data
base. Choosing 87 data of cricket calling sound from 24 species of crickets respectively and
transferring to digital data for the cricket sound comparative database in the BDS. The
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BDS contained pretreatment of sound signal, training of sound sample and discrimination
of sound. Furthermore, choosing 3 different sound data of each species from the 24 species
of crickets respectively in the Cricket sound database of Taiwan be test samples. The result
of accuracy was 81.9% via 72 data for testing BioAcoustic Discrimination System. The
BioAcoustic Discrimination System what we built up could be applied to discriminate in
the different kinds of biological sound data.

Keywords: Cricket sound database, BioAcoustic Discrimination System (BDS), calling
sound, Acoustic behavior, Acoustics

)

¥+ 17  (acoustic behavior) 4y 5 % § £ # 12L& & {7 2 AL > 4ok F % (Insecta) B

*2 p (Orthoptera)sfig(cricket) 5 7 = L4p B 2 BT 5 > 7 I ehl R H i
FV A AR E D% 4 (audible sound) 5 & £ 9 52 20 Hz-20 KHz » 7 32 4 5 #®
(ultrasound)(1§ &+ ¥ > 1999) - & ﬁrﬁ}ﬁ*,f SAEN B o r S AR BN N R A A I A
TEPAoad N AN FH2BELH B Lk 4 % (insect acoustics) T F sk &
FONE B AR Y & B2~ Aot & (1993) s a4 42 18541 (Gryllidae) ¢ 11
B 30 fAend ok ie g > Yang and Yang(1995) 4 47 & 4% ~ i (Brachytrupes portentosus
(Licht.))z 2} i & (morphology) £ -5 £ 1% » 37 f2 > (2000)4F 33 K = % $R8EFL ¢ 0 5B Wik
(Teleogryllus mitratus (Burmeister)) % § &g /a % 2R(T. occipitalis (Serville))z = fa &bk
Wt~ A E 2 FF & Liu et al.(1998)F 7 #+ &4 (Nemobiidae)2 /§ 10 f&2. %5 2 &
#p o BRI 2 (1993)5 & ¢hIRAS AL ~ 24 AR B 2 e (habitat) B 5 ik FE X 2y
gL (Trigonidiidae) 5 6 f 18 f& o ¢t ¢F > BREEHF ¥ % 304 H F R & (Riede, 1993;
1998 ; f i+ H & =4 & > 2004) - 1 2 kB &2 4 fskds(Warren et al, 2006) & & & o 4od 3t 4
PERBDAEMMELTBREERR > PIRSZ2AL 2T FNLERK A EES R D
B E R AT T 442 0 i Riede(1993, 1998) ¥ # i fEd 2 & £ F
(bioacoustics) & Bl 4 # % i+ > ¥ * 30Ey 24 gh(hotspot) 2. 4 = % 4% {4 (biodiversity) » 11 A
By 1 iF2 4% s B P HFuks B ep kf %3 2 4 (acoustic survey) s 2 F#2 i A
¥ Atk B B AN A 0@ a(2006)7 P T e iR L (2004) T4 2 = & AGFT PR
/% (triangular sound allocation, TSA) % F8 &% & 3 > % YT R 2 HhBh v PRy R shbk B
5 2. %% & (abundance) o gt ¢t 0 4 B B w8 0 F 4o FEE(discrimination) £ 41 0 2R Mf
- R FAEYIR A AR LR TR A ERREE M fep it AT AN
ARLRES TAE 0 B T4 5 B R ks (BioAcoustic Discrimination System , BDS)
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Erp R o RFETF N 70,000 fi(Riede, 1998) o~ 24 Figix 3+ 3,000 8=
Lo REERARTALEEE  THRBEANEN > A A 093 100 S 9t 2 R
eh= L2~ 0@ R L (Superfamily Grylloidea)® z ® i&#!(Cachoplistidae) ~ F 841 (4£
&34# > Eneopteridae) - sb&Lr;}i ~ 4Eik L (Mogoplistidae) ~ ik 44 (Myrmecophilidae) ~ #
i‘j #Hx 4 (Oecanthidae) ~ & $£4* (Pentacentridae) - 422X F( £ 48 *24* » Phalangopsidae)
* sz #L (Pteroplistidae) iﬁamyfi(Scleropterldae) FURF(Fef i) B (P R/ H
€ 01994) 0 AFT g ATie 2P BB RGP K F AR A TR > A% 5 1987-2001 £ 2 0%
BEAL v e R AL R R R v T .
TR

1L % (1999)4p ek -3 H 23 (monotone) - £¢x 5 4 (sound quality) ¥ ¢ @ 7 3 >
MHBETEHFELRTEEAL S 2204 X R LB KRB M BT OF
B FaERY LERES T Rl 4T o A2 2 A7 % 1% CoolEdit Pro 2.1
VAR I o - R R I é—f##w{z v he s ﬂ,%](waveform oscillogram) & - 2. £ *F %&£ &
(trill duration, TD) ~ & = #-fF rg(trill interval, TI) ~ & =F %2 £ (trill length, TL) % i :}if*;:
(time domain characteristics) » 1 % i% i 47 ¥ @] (Spectragraphy) & # % §](sonagraph) &
#7 & (principle frequency) ~ % #=47 5 (resonant frequency) % #f #* 4 #ix(frequency domain
characteristics) o ¢t *F » A & 2-f) k3 % (2004) 2 4p B B ¥k (speech recognition)= 3 > &
£ GoldWave v5.08 #5 ~ {74ct8 - @ * Visual C++ 6.0 2V B3 4 85y b
(BDS) -

R 22 ek
- R AR TR 22

E*‘

B Ltk 4 (Grylloidea) & feni 3> 5 > JWHh B2 £ L EEL SERE
R e (ER%E 5 2002) A RIEN 22 3 HH(2002):0 5 dEEEg B B 4 S Y AR b 0 @
%A G4 Terer 83 (calling sound, CAS) > » fi% *§ % ; & #3 (courtship
sound, COS) » ~ i H % ; s # # 3 (aggressive sound, AGS) » * 4 Mt & - =
Alexander(1962)#y 41 i 17 3 & § 7 I > 22ifig- A 2 5 o ep B3 (CAS) ~ K& 5 (COS) »
Fig ¢ ¥74-3 (interruption sound, IRS) ~ % fie {8 % (postcopulate sound, PCS) ~ sc# #-3
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(AGS) 1 2 i ik %3 %5 (nest recognition sound, NRS)% = &7 F %5 > 2 #5 4 ¢
(acoustic repertoire) & E % feins iy o priE S H a4 G2 P o P fAREES JE T
pAPH R A E D P oo AR AR 2k BRI TR Y et ek B(CAS) 5
a0 B RRAE B TR S T

d AR RS TR ¢ 7 skeffl 2 Brachytrupes portentosus Lichtenstein (BraPor) -
Gryllus bimaculatus De Geer (GryBim)~Loxoblemmus doenitzi Stein (LoxDoe)~L. abortus Yang
et Yang (LoxAbo) -~ Mitius splendes Shiraki (MitShi) -~ Teleogryllus occipitalis Serville
(TelOcc) ~ T. mitratus Burmeister (TelMit) ~ Loxoblemmus sylvestris Matsuura (LoxSyl) ~
Velarifictorus sukhadae Bhowmik (VelSuk)# 9 & 265 % - 3 ph#ffl 2 Dianemobius mikado
Shiraki (DiaMik) ~ Dianemobius kimurae Shiraki (DiaKim) ~ D. fascipes Walker (DiaFas) ~ D.
chibae Shiraki (DiaChi) ~ D. furumagiensis Ohmachi et Furukawa (DiaFur) ~ D. protransversus
Liu et Yang (DiaPro) -~ Pteronemobius jucundus Liu et al. (PteJuc) -~ P. fascipes Walker
(PteFas) ~ P. wulaina Liu et al. (PtewWul) ~ P. kimurae Shiraki (PteKim) ~ P. caudatus Shiraki
(PteCau)~P. ohmachii Shiraki (PteOhm) % 12 # 162 4 -2 2 3 4& 4L 2. Trigonidium cicideloides
Rambur (TriCic)~T. humbertianus Saussure (TriHum) ~ Metioche kotoshoensis Shiraki (MetKot)
F 3705 5 R3H497 SRRy T

SRS aBis PR

4 P B e L S (BDS)E g 7 4 4o Lee et al.(2006) 14 T 354F i) AE ¥ 02 ¥
(averaged Mel frequency cepstral coefficient, AMFCC) % B~ #-3 £ » £ FiEMME % B 4 7
7% & 7% (linear discriminant analysis) ®s & Ac/a B B % 2 & B X p # 733 (Automatic
recognition of animal vocalizations) » & rig& ~ $fbE ~ & #5450 H #EF o X 3R § F (2002)
r ActiveX Bt B & Matlab #2383 3 - Delphi # E % 8 > B3 § § 7% % s(bird sound
recognition system) - ¥ Ingrisch et al.(2004)*t# 2_ ¢, W & & p £ & (German Orthoptera
Collections=Deutsche Orthopteren-Sammlungen, DORSA, http://www.dorsa.de)*® - i% i&

wJ2 (pre-processing)feig 4 (filtering) ~ ¥ — #% tb=(pulse) # £ (segmentation) ~ % B~& 4] 4%

Hx(extraction of typical features)rs % j #- 4 #f(automated classification) & # 2 =7 B 4 2 p
# ¥ P 35 (automatic song recognition) ik At oo A & B * AT R A L g 4 B A gl
(Tettigonioidea)z. B - ¥t o p ki 5bé 7 B4 M EL5 &2 ~ B35k 2950 3 B3 #a = 30
A B MEER ST A 2 o RIS TR R 2 497 £ TP 5 B 87 Fufiked of
B3 175042 %5 F4 0 £ f1* GoldWave v5.08 » #-j 22,050 Hz 2 dEsf % &
i H By ~16bit - SKHzZ S > fpk s\ s xwav i HA L p ezl 2 v
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i% 1 7F 5% 33 (pre-emphasis) > 5 =it (framing,

BL AV R P i I AT
4% F 7 (zero-crossing rate) ~ iE P AR

frame blocking) - “&p* iE st £ (short-time energy)i#| £

% (Hamming window)z_ § f=*» | » & 12 -:& & 4| ¥ #& # (fast Fourier transform, FFT) ~ &

f 54 3 % #<(Wang et al., 2002; Leung and Siu, 2004) 1 % 43¢ ;p| i% #c(linear predictive
cepstrum coefficient, LPCC) & 18 . i 3 s 4c ; H# ¢ 3 =1t (Frame blocking) #_#-i% sk %3
WAL SN BRI GoldWave v5.08 #-n B g > & F 425 170 B Ben Vg (T

il ﬁv‘“ PR Peis 2 ek A > B e » £ £ 1 (vector quantization, VQ)
#i-4] (Stadermann and Rigoll, 2006):& 7 #F Fyas ot 4 5 bR B 20 5L 58 ik
WJE B B

cF AT ST 0 B £ ek

ZEP 025 URPBP(GLF A8-12 &) 4 5 Bf 738k 5 (BDS) % 14

v Y ih v £ (code vector) it £ k3 A7 Y 2 I0andd

R T
EN

ua@bf.g’a%4ﬁ%%*

E & p ~

EE ARk E
125 % fln e 2R 454
Hew &0 Samh e £ 5 & LRk 45 2 %7 (speaker’s codebook) -
FRGEE R s oh o Rl AL FEE ISR P RE AT LA
*‘”‘ﬁy’ﬁ?%ﬁﬁﬂﬁﬁfﬁ*%’“qwt%za¢u$% A BT R g
dﬁﬁwwmmmﬁgéﬁﬁﬁﬁﬁg’*uﬁ BT RN ST 4 A (HMM)#

U T B DI T L8 dien K I O  AAT= R A
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LAY o 0 g b‘ﬁ%ﬁ%ip

B E gk i 0 fodkds O i iE B S (optimal path) #1 g i5 i B3 e
(2)2 4 85 F58 k SLpl2
Bod AR TR ¥ B ik 7 B3 B TR L RIEERA S 2

%Lmﬁﬁﬁ72§%f?%’éﬁi%%%ﬁ&mmﬁﬂ$’%ﬁi%ﬁiﬁﬁé&w%®
S ) RIERE R RS A F o R IERF RS 0 AR A RIE 2 ik R i
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Gryllidae Nemobiidae  Trigonidiidae

A #c 27 36 9 72

Ny e d 23 31 5 59

& Fi 4 5 4 13

i FE 5 (%) 85.2 86.1 55.5 81.9

G AR TR Y 2 sRaR A L B BRI 2 IR R 245 eRER T TS A
z{ ?J * Visual C++ 6.04% 3¢ P%f ) ..é— £ GoldWave v5.0857H 2 2_ 4 $ #4 738 k %(BDS) »
Hyeamx 281.9% 0 Ak ZE= oA AR TR 2 bR v R A o Ao S 2
Wit fE o M E LR S :%L».u M o AT R T E P B P ahd Bf(katydid)
il(mole cricket) » 2 4rf 32 p (Homoptera) ® & ¢ cru¥(cicada) ~ = 2 #f ~ B ag % 5 pt ek >
FEER FER AR Y R B LG ot B BT P orRign et 24 B g R

& ,.VL(BDS) °
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¢ 7 (1993) -
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F ’itﬁr# L alant g 7 (2P DR p) R AL HEHE > ¥ -

L» ¥ % - g % 45-51 F (2002) -

1. B B L AN AHENZARY —ERPE[HCTRIABTARSFFTERES
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