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Automatic acoustical identification of insects based on MFCC and VQ
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Abstract: This study aims to provide general technicians who manage pests in production with a convenient
way to recognize insects. A simple and viable scheme to identify insect voiceprints automatically is
introduced using a sound parameterization technique that dominates speaker recognition technology. The
acoustic signal was preprocessed and segmented into a series of sound samples. Mel-frequency cepstrum
coefficient (MFCC) was extracted from the sound sample, and a feature model was trained using Linde-
Buzo-Gray algorithm to generate vector quantization (VQ) codebook from above MFCC. The matching for a
test sample was completed by finding the nearest neighbour in all the VQ codebooks. The method was tested
in a database with acoustic samples of 70 different insect sounds. The recognition rate above 96% was
obtained, and an ideal time performance was also achieved. The test results proved the efficiency of the
proposed method.
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Fig.1 The segmentation of a sound sample
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Fig.2 Flowchart of the insect acoustic recognition based on VQ
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Fig.3 The relation between Mel pitch and frequency
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Fig.4 Flowchart of the MFCC extraction
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Hrp N BRAEDUHS, e &5 5. ATk
AEREGHESHELUNGER, WRABHE,
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3) Buwid N =256 x5, Xf4—WifE FFT 254,

RIS m WP SO
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FEEUH 256 N SRAE Ao XA BURF il 15 B 5
BIHRE,

4) FI M A~ Mel 7 58 g ipe s (A& 5 ) #EATURE,
BRI —HRB ml, m2, - o UBMEARLESI bR
A BB =AM, 76 Mel ST H - BIYSI MM, 16
A, JREASAEM K 20, H TR
WA E AN AR, B LU EA R
A N BB R TR

Mel-Z5 (AR BEARH
Mel-spaced filterbank

1.8
o |
1.4
1.2
1
0.8
0.6
0.4
0.2
0 1 1 | L 1
0 1000 2000 3000 4000 5000 6000 7000
B (Hz)
Frequency

BS5 Mel JEFARAH
Fig.5 Bank of Mel filters

5) K5~ uk s B HH O B, 452 AH DL
MR RO R, R Z RO R, MR EEARE
AT LA~ MFCC, Hrp M 2 = B4 K1
o TESEPRBLAIH, HATE I TR MFCC,
RIS W B A2 T 4k MFCC X iR A X 43P 5%
K, EH B 12 4E i MECC BT (EE3%5, 2001),
MFCC g .

C, = ZInx'(k)cos[fn-(k -0.5)n/M]
n=1,2,-L (8)

Hep, o' (k) R8s kNIRRT ATh 33

PR MFCC H R B T35 & S 8 i A Rk
—Rr2£5r MFCC( AMFCC) 2 —FM BB S8, R

W TR E SRS ARME, AR e, 250
e 2 GO N R

d(n) = —

k

3

Horp ¢ &2 MFCC 2%, d h—Mr 24> MFCC, k
HER, EE 2,

2.2 XEE

KR (VQ) 2 20 H4D 80 4FAUK RAZ R Y
FIREA RGEAR, ©EAMRE KN, 7
Bt IR 5 S BN R EE e 40 55 s,
BETZHMNH, 2T VQ ¥BrmgaRsm, Frul
/N PEFS SR To TG 7% T8 RGeS R A A A
RS [a] AR )8, Haz Rl R w g g, R,
VQ BAEF SUR B G A & )12 9 W A ( Burtion et
al., 1985; He et al., 1999)

AW 5 K A LBG %5 ¥ ( Linde-Buzo-Gray
algorithm ) Y RACFE A BRI ) VQ B3 , LBG Hitk
J&H Linde Y, Buzo A 1 Gray RM = A i
(Linde et al., 1988) , 535 % f5c 30 <0 o WU FH ) 4
T v 1) 25 AN 15 2 X I 25 7 31 34T Voronoi ) 43,
MBI ~F5%, B—F8EN K, ] FEEAE
i HRAEXRNE LAY RE, BMAHAT X,
AWK A AT IE B2 M R 2 2R BN RE A A
W EGHE R IR, VQ BEATE B LBG 533k (471K
FUREA:, 1995) Bk N
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MIEEEICIE S;

(2) B BEHBIERKEN, BAEPED = o
W ARG R & , EARBIME n =1;

(3)WE I MEFHIME Y, ¥, -, V75

(4) ARYE BT BUENRE S 43R0 I FE ST, S5,
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Hrp d HERKIEE .

(5) 5 B4 D

J

D=3 Y dx, v (11)

k=1 YeSp-1
(6) T i AL et IR fE 6"
s =AD" _ [D - D" (12)

D" D"
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‘Zixe(n+i) 9)
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BR(10), Rz, #BALEO);
(9) Hilt n BB NFRRERKREN, &, N
Sn=n+1, BALREE), &, MiEALE0);
(10)IEALLE, Fth V1, Y5, -, Vi AR T
ARSCHP RS A B B R T 4 3k, 20 4
IR A5 4 HH  MECC VR R RHIE R RS S,
2.3 4F{ECE
FA T 75 SOBOHE R R e 2 3 A SR L 2
AR [BEHEARAE 25 B B MFCC, SR 5B R 5
SHEA R EEES , IR A WS B I SR IR RRIE R
SR S B /N B A AT, B

1 T
dn=2min Z(xi,‘—y}}‘)z l<sn<N (13)
=1

1<j<] k=1

Hrp, T REAIR IS B] MFCC K24,
T AR VQ AR, Ly MFCC K
VQ RERKE, N yEPHERANLL, d, Ak
AFERBESH 0 A VQ BAKERE, fEn=1, -,
N, i d, SBUR/MER Y n X R BB iR
LR

3 RAREER

PAESEAE L Matlab 259751 PC L E#EAT T
Pk, 56 B B B SOBOHE B A SRRl T 70 b
BHUE AR &, 203 BAL B A2 # 345 2
488 P EAEA, HAPRME T RS- AR T
WGRE VQ 1A, HAREAR T, &1 85
T VQ IRk 235 8, 16, 32, 64 B FTARAGIRE]
GiR. MR 1AM, BEE VQ o fEesin, Vo i
i ] X DU BC (] AR N, TR R IR B
MR, I, 2625 R i e v B AR IE A
R, Bk =16 BOYHEAE .

2 2 ARSI B RO 2 P A 2R P AR
PR, PSR i R S S AR R
8 Ff \HIETH HESI Y TG Sh AN B R 75 3 16 B -3
B B ARG DY 7 2 b AREAR R RIS S AR
14 B N R BTG Sh AR S & 1 A S B Ui
PRSI 22 B, NEEFSE T R

®1 AXRRFLZANENE LM

Table 1 Performance of the proposed automatic acoustic insect identification algorithm

VQ 43#£%% Number of VQ groups & 8
TR AL HRET ] Preprocessing time (ms) 364
MFCC H#AE 32 EAT /] MFCC feature extraction time (ms) 370
VQ YIIZkHE] VQ training time (ms) 19
P BgH ] Matching time (ms) 103

R 5IKE B Recognition accuracy (% ) 95.41

16 32 64
364 364 364
370 370 370
47 75 134
200 350 1114
96.17 96.26 95.91

®2 BEERFLAMNELR

Table 2 Comparison among recognition accuracy of different kinds of insect sounds

BN PS

k=16 k=32 k=64
Insect sound types
5 o
ﬁﬁﬁﬁﬁzjﬂﬁmﬁp H . 0.980 1.000 0.99 1.000
Stored product insect movement and feeding sounds
5 = = ke
igféwm%ﬁm*ﬂﬂxﬁ’" o 1.000 1.000 1.000 1.000
Movement and feeding sounds of soil invertebrates
ijgﬁ?ﬂ%@ﬁngqu . 0.600 0.636 0.867 0.909
Defensive stridulation of soil insects
- e
RHRAERSABASE 1.000 1.000 1.000 1.000
Movement and feeding sounds of insects in wood
5 e
fFURMEHMRASE , 1.000 1.000 1.000 1.000
Movement and feeding sounds of insects in plants
I A s A 3l P
Wing and abdominal vibration sounds 0- 889 0903 0. 898 0876
/NG Scolytidae sounds 0.872 0.971 0.986 1.000

k=VQ /&% Number of VQ groups.



8 # MORIREE : T Mel {835 RECH K AL R A F A 34 5] 907

IR, [RISSE Hrd e R S R % A
P SR BB ARFAIE BB 30 (330 R s i 3 75
), AR EMEL X IR T A HIR A ;
H—Ir BB, AASOTERBREREIURE
HFESA TR, [FJE R U M s R R R ORTE
ABREEH PR R ELER I TS LS A
f, PRIH P SO B AR AR 5 Bt LR B

4 @ipSitie

AL T NRTEF RFII7 8+ PR AR
PHIEA , @3 E 5SS E T RSB R HUS 8L
H RG] 207k R BRI 5 8
AR PR RE . 1207 A AE Y R B HA AR &
H A E AR, FEARRILIE S 23R
SRR 75 T A7 7R L RT3 o

APRMCHERREHMBES S, HETH
HESIIS S MR 7 3, TR R PRy iy
WK RGBSR, /R R RIS s A
T B R AR Bl o L K/ Ve R A 70 Bl iR
BEAT THSNAR, S AR ST 96% , FE£LE 70
it B LB 75 A0 A — R I BE MRS 0.2 s 2
A, RERWZITEVI LT, ABRHSERHES
#riE.

[ 28 B A 6 M HR S5 U H B PR B FE AR BT S
MELAX 73, DEIAASSCHR t 07 vk i A BE IR B A1 2R B
SRR PR BE, ft JH R o 3 B M i 3
o A, BRFHERICHRE SR IR & RS
HAWSI B ? 83 AR PR RRE | H
A7 BRI R R e 2 B B T T 3567 X SR )R
JE B P A A EOGER Y

e, ARSI S5 i B 7 3 SO R E
BREHIFE T, KRBT NZFRE T T E
TR H PRI — UL R R A AR AR
B RIS FIET AT RR 5P
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