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Feature Extraction and Classification Based on Skewness
Clustering Algorithm for Lactating Sow
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Abstract; The lactation period is a critical period for sows to breed their piglets, and the specific voice of
lactating sows in this period is the most direct expression of their physiology, emotional health, and
maternal ability to care for piglets. The rapid location and accurate identification will be more complex
due to a variety of vocalizations during this period. Therefore, the vocalizations of nursing grunt,
drinking, feeding and sham chewing were observed, and a fine energy calculation for frequency domain
with a power ratio as a vector was carried out. Then, the sub-band clustering method based on skewness
was presented to merge the sub bands without significant characteristics to reduce the number of
parameters. Thirdly, the recognizer for sow’ s vocalizations was built based on support vector machine
(SVM) to calculate the duration of the different types of vocalization. A sound mode of successful nursing

was established further within single lactation circle. It is shown that the max power ratio frequency
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domain of the nursing grunt, the sham chawing, the feeding and the drinking are ranged from 0 Hz to
1 000 Hz, 1000 Hz to 1 500 Hz, 1 500 Hz to 2 500 Hz, and 2 500 Hz to 8 000 Hz, respectively. The

accuracy of the vocalization recognition mode with these four sub bands power ratio frequency as

parameters were 100% , 100% , 95.17% and 96.61% , respectively. Compared with the uniformly-

spaced sub-band division and principal component analysis (PCA) , the number of features was reduced,

and the recognition accuracy was significantly improved in the clustering algorithm based on skewness.

Thus, the proposed method could be further applied in the health and maternal ability of sows monitoring

real-timely and nonstressly.

Key words: lactating sow; vocalization recognition; skewness; clustering; dimension reduction; nursing

mode

51

F7 7 TR 2 30 0 %8 B 5 oL P F B, S5 0
USRS AFTE— WS 6 R, s AT & R K AT N
T 5 ) 5E S AE R 8 bRt Y A
SEAT BT 10 T LE BT 4, 6 R L A
B R 47 AT R T # & SR, A M
AR A B ST 25 19 5 (el T B BT 36 M R O F T
JRCE T SR RS S RS B R
P 9 A 7 05 2

FHH G R EE P A AR S R S S
R (H L= &N 8 & X SR iOL Yo N I
D% 3 B 77 A A MR R AR T A R
VEUE S N B 2 A gy A L R B
TRARA & SR IS, S A R AE E R
SC VARG N B AR AR 5 F A R b R A A
T 38 3 B < 3 T T AR ) g
WX B LR R R R B R i R
B ROKAT R S R S A S RIS R i
R R/ SN - MU I SN & ]
K B H R HOK R RE M

R R 5 e B A, O B S AR g
PN TINVEEA RS ALE Y RO S € RS
Rt WS IR e L I 5] A4 R I L, 9F
ok ) T 2 A TS A A RS W =[] AR
o BB LR IR R BT, B R
R BB 9 PR TR B VAT R A BT IR,
W L 7 O A Y S, L 5 SR, DA
G AT R B /N LR O A 2 10 T [ M D7 4 b g B
PEF B ]2 o BRI, A% SC LT 5 05 5% /N Afg
HIEERE BTSSR0 42, RAEM LIS 11 K iEsE 18 d
9 75 2 RO S5 T FLFE L ROK AR SR e G T
W SRR AIE | DT ) 5 L A AT 1 R e
0 11 5 2 0 v S B AR AT I e, A s LB A% 1
PR VU B 5 HE— A 4 0 oA W L 0 A S 2

I

FLAIY R E B 20, DU T T IR 98 4 52 PR 3 852, A Ji 30
BRE A B0 B X RE PR BE ) 25 A TR A 4R A R S
1&%}30

1 ETRERENSESFTRINEE

L1 EFFHERILNFEEE
I & Lt (Power ratio) 215 5 1) T Th 2 5 #& 4>
A TR ) LR, VR R B 5 R AR U =
ﬁ[M—IS] B
w

Py (1)

Hop,w, &7 [L,h, JHZNE B S, (f) 7 Welch
D ETT RO B f 4l 1 D R G B, WA

W= [ s.ndf (2)
i £ %0

W:i[ﬂ (3)

Ao X [0, /.72 1 R I 518800 43 R n A F
WIS & 0w X B id h p,,, b u=1,
2’...,n;i:1’2’...,mo

PL p AL 1] o 52 B A 3 (9 R, G RRALE 1Y
B TR n AR A n B, BB SRR I R 2% B A
B 2 3 A9 0, DA e R T 38 L Ok R AE SR AT 3R Y
m AR AE 2 7 v T R i B SR M e
I, A SCHR H —Ffid B SRR DA & R AE 43
A3 A S B8 L X [) 2R AR AR A R AT A T, SEEURRE
I it 5 4 %) [ ), 48 1 40 28 R0 HE A o
L2 EFREBRXRNBEEERE
1.2.1 MREX

P 45 F B (Skewness ) « SCPR w2, T T 32 & B8
A m AR R AN

Z (i = 2"

k= 4
‘ (m—l)si (4)



302 & A Bl B ¥ i

2016 4

Kb p, Flsy A0 A w 945 75 & 1 3 % L fE
LeTi 220 k0, 35 BB o A A A 1 2 2 fE A0z /Y
BEHUE b <O, D) 07 T 349 8 7 00 A B /M, T
k>0, B R AL T 3 (E A7 O A AR R A Ao DA 25 3R
BOTE R — 7 AR H (3 AR ) DR
EAIETE S P Soe

TWEIF - HHAE A, =1, 74 v FIF M
A4 R & 9. B A, TSN [,
h, ] VBB pl, =po, + pe, s RSN (4) 30T O 25
RAECICH ko

FHHN XA C=[c, ], Hrp

ko (v=u)
c,,={k, (v=u+l) (5)
0 (HeE)

Krf,#e,, >e, AL v 50 5IF
1.2.2 BT B 31 R 2K 07 1 2D R
1.2.2.1  [E[SE50AHSR ¥ & JF S1

(eI R p,,, Kb w 2T T
B, i FRoR B R ARG IR S C

(2)Vutv, & e, ,zc,,,Wu5o 53, EHha
FEH L C7

) BEEA BB B EIF, AT S2, BN, $hAT
HER(2) .
1.2.2.2  ARIZEFIMEE 745 IF S2

(D) Yutv, #e,,zc,,,Wut5e 535, TG
IEHFN X H R C'

(2) BEZEA I A I, FEF 4500 & 0, $h
17 S1 2 8R(2) .
1.2.3 BT B By 74 RS Re

Pt FE B SEW Be it JE : DUR A Al 1R S 90 1R 3R
FErply e BEOMI &R 717 ] & 0% 40 591 80 R/ i AT
A IF, ST IR KA & G IR MAHAR T T R i T
IR Ry it — 2 D R, S2 ¥ T R LI Bl A
TEW 51 5 A F S AR 17 6 I o
L3 IGXFEEN (SVM) Z 45 LER

SVM K AL AT 23 18 AL ) £ 28 A 2 M 78 46
W S5 381 5 4 2 TR] O A S5 0 S T T = A 2 1]
RO, MRS R U A 75 o 2 T SRR Y A 2R
i, 39 BOCH b B KA X B A 28 Y, B 8 43 2R Y

i
2 R

2.1 HERE

AT L VL IR A ) 25 T /A L SRR A 7 1) B8 5
Or U N REAT R S SKAE TS 10 d /Mg L RESE K
HOH R AT 3 B R 4 A Sk B A JCHAT 4 1 5

TEE L 30 em 1 2.2 m x 1. 8 m (& x 9 ) Ry RBR A
o BRAL AR AT LR 97 RT AE AT A S 0l BY R SR, 9
0. 6 mfy 2 Al UL BR ] 1 W 7L B A IE W AT M I R0k, Al
LS AR — A T 1yl 57 A R Rh o R B R ALK
K 3 A T B A PR A DX s A A )t BE R £
TR S K LSk RO A AL TR S AR H
YR, 1R Takstar 2E 7= PC — K600 {4 &5 &5 (4
A [ 0. 02 ~20 kHz, RGE ( -36 +2) dB) i & 7E
KB 5 ORI A AN BE R AR 70 em S BE AL,
PAB7 1k BE# fil il T4 , 3% H] MP3Recorder 5g & 3 {4
BEERFEMR £, O 16 kHz 16 i, HLF JE R
IR L LA wav 4 SAE 6 T B IR 55 2 , TC LATA BRI
L DS — 2CE5582P A 5 4% 3 ¥ JFE @i DS — 7924H —
SH 74 24 P AH £ SR RAL S 2 TB 6 4 T 2015 45 1 A
18 H—2 H 4 H P 24 h AS[A] it s FR AL 9 3
PR I3 — 2 456 SCHR [ 17 ] J5 i, a8 2o B 4 [8 8
MPUG6050 5 55 F B4 FHB T I, R A BE#E B9 =Sl
R
2.2 Xg

SR B BESE 43 W P TR A A T 2% 1) 20 B
A A Eh YR S B BAE R R A DL L
WA IB AT I MR A, SE PR R AR I A i AR AR 0 — b i
Z RS SRR K IR &, I {5 5 4 K TE 5
WP | R LA R A I B T A Y MR S AR AR T
ALY i JBE ECTE Aok dE JEE A /0N IB 1R {2 R A D7 1 n LA
R B PR ARAS 5 b BT Y A [ B LB A
PP S () A2 3, A7 4 1 BY S 0 B R 5 e B R 3L K
PR UHER E 7, M log energy i — UC/IN i 4D 4 M
AT AR R AT S I BB AT M | e
B BE PR BT M A S B B I RS A R R D .
2.3 EELEBRFFE
2.3.1 KERpk

(1) LA

BERE 0 00 R 2L RS 2 — e S A A e 0 A
R TONAT B A (R R RS TR R 5 BRI
HERAFAE B R R A B T 8 3 B AT R B AT A
Ko A, LA 2 B BE AT O R AP E 2R,
ATVE N BEEAT A VE M (9 FR o 22—, 75 # B 305 5 A
ATERRAE AN & Ta fir s, O (R K 24 B8 & 48 TP e
[0 Hz,500 Hz] .,

(2) KB HOKA

R BRI ROK 2 BEE A K Sl FF SRR 19 IE %
AR SR, SR B SOROK B R A R R R
AT T . W UK 1 K 3 R E | AR K B
K5 HMOK R RIE KR FH, R K5 R
B RENE R R I R R K K A



%5 1

EVAH A e 2 T 00 S SR S A I L DT B AR e R 4R B 23 R 303

KB OKE, TR B A RRR B, R oK
P ER W K R W R 22 A T AL IR S
ML A F g, 4y W 7E [ 1 000 Hz, 2 000 Hz] fl
(3000 Hz,4 000 Hz], L& 1b; i [ le Hffr %
D) Hy PR A 2 T A K, LR e R R R T
#1000 Hz,2 000 Hz] 1[5 000 Hz,6 000 Hz ],

(3) JCE RH g 5

TEHBEERLEY T, I ELZ RN LT
WA Ve, Hom I SRR AE A& 1d fros &
FEL ] | R A, 4 DR 28 5 | e 2L 30 R 0 A A R 1 o T
Rz —,J& T — P8 PE DR B0, X R LR T R
1) 2% B AT 0] 2 i 25 6 O 385 M0 385 00, 5% o BE R IE R
i0F7 SNingEe

—EMERE
2.3.2 FHERHE

BRI IR TR n =16 K6 [0, f/2 ] SF [ F 4l 73
[0,£.732] [ f./32,f/16] .- [ 15£./32,£.72], %3 3
THRIX 4 B 5 A [ 54l 19 DR B, WA 2a BT,
HI R A A7 AE 3 22 5, Hoh i sL A g i
G 7E [0 Hz, 2 000 Hz | N, f K {H i BLTE 77
[0 Hz, 500 Hz]; Jo & W W} 7 fE & o A 1E
(800 Hz,3 000 Hz ] 4t 47 4, 2 R (4 fie K AH A7 T
(1000 Hz,1 500 Hz ] i [l A 5 1 2R £ 75 5 ROK A 1
REFE A JLP B 1 B WU, [R] I A7 AR 22 Ak e 2
A A (R B A 19 % I 35 BB i A 6 T [ 2 000 Hz,
2500 Hz ], 1M ER 7K 75 1) d5 K D 3 Bt BRAE [3 500 Hz,

SN2 T LR ) B T R R R AR 2 TE A O 4000 Hz], H R & A 5R0K A P Z 7 [1 500 He,
BT A P e L SR A —F RS B 2500 Hz ] F1[ 3 500 Hz,4 500 Hz ][] 2= 5 i 2% .
0.10 100
0.05 | \ 80
E o 1 (I ki il il :“w‘”u‘\ ‘U“ fmt. 60
EE—0.05 \ % 40
~0.10 20
=015 02 04 06 08 10 12 0 1000 2000 3000 4000 5000 6000 7000 8000
i 1Al/s I Hz
[OL:E
0.04 1.0
038
ﬁ o.oz w0
I ¥oa4
—0.02 15
0T 00 004 006 008 010 01000 2000 3000 4000 5000 6000 7000 8000
fif [8) /s M2 /MHz
(b) A=
0.10 25
20
ﬁ 0.05 s
m 0 B0
~0.05 05
0100 0T 02 03 04 05 06 0 1000 2000 3000 4000 5000 6000 7000 8000
B A/s HE Mz
OF3:-%
0.04 30
25
0.02
i t =15
E o 1 a
-0.04 . ‘ 0.5
0 0.1 02 0.4 01000 2000 3000 4000 5000 6000 7000 8000
B [Al/s =z
(d) L& THIES
B B3R WA 7 2 R H AT el 4 fE
Fig. 1 Time- and frequency- domain feature of vocalization in sows
7000 Hz] FI[7 000 Hz,8 000 Hz] I 3 2 1, 5 K {i
3 ZERE5HW

3.1 REREXGER

AU L2 95l 3R 9 5 R AL AT 28, K
WM 2 Pros . 1 5E, B8R 16 Tl B
> o — AW RS R U MR G I
1 3R I 1) 3 fEL o i 2 28 20038 o #) A 4R 3l ok
TH I, REG R WA 2b; R 747 [ 6 500 Hz,

3T

N

JIT R N HY P R RN TR (H 4 Fd RS A ) L
KRECIERISET 0,4 HEIFMEs RAE 2¢ Frx;
HEMATRET - LA IF, AR E 2d
Fr7n B [0 Hz,1000 Hz] .[1 000 Hz,1 500 Hz] .
[1500 Hz,2 500 Hz] fi1[ 2500 Hz,8 000 Hz |4 4~F
WL ERADS TR pi E AR K
FEAE ] o



304 & A Bl B ¥ i

2016 4

2 (W ERIA LR

Fig.2 Steps of clustering algorithm on skewness

3.2 AfE
K 4 FhE 2R 811 AR RAEATL IR 20 11
11 50 I 2 S AN AR DI 25 SVM G 2R B L, I
454 10 P8 AR Ty ARG R R 1P
16 ™40 s 25 H0 A Dy e i S 18 10310 8 2R AN A B
KA PN R AL 77.78% 5 K F FE Loy oy B
(PCA) W RELETs 5, e 7 R 1 ~ 6 SR HFAL [ i,
H R TTIRRRy 92. 34% , B fift Be 2 R 2 80%
[ B 48 e 1 U R R R £ B U R A F
88. 94% s F| F i J3 IS AE it — L SLBE A 2R
IR B R, HA5 2R 5 YU ORI A
3 AR R AR RS R UM R AR A IRk F
95. 17% , Wi L7 5 1 JC £ ML I 75 8 5 Ak B I 5%
PUIR R85 100% o 4 I S5 3R e 45 & PCA i ik
— B IR A REAE 2 50 FCRDA B RCR A LA
®1 FRBEDEAAMN SVMIRHIE

Tab.1 Accuracy in SVM with different parameter arrays
%
o FHEm A (n=16) BERIE (n=4)
LR HEAR— -
Jc PCA 4E4 PCA Jc PCA 454 PCA
Iy L 7 204 97.90 100 100 100
oK 202 88. 89 88. 39 96. 61 92. 14
KERH 203 77.78 88.94 95.17 87.17
TEMHESE 202 95.58 97.55 100 100

U 2 9 O SR B DR R e,
B DR L RE A R SR LR R R O 3
5 FLIE BOK IR A W B, A7 B T4 T AL AR R ARORE
L, R A R A R R BRSPS A
SV NN RS b= i b e S o
Bl S ECR B 5 AROK S RS A SRR K
HH % T £ ML A DR Lk D T R EE L B R

T U A A 2 2 T LR R 7
P/ 055 7
33 WIEEMR

3a 22 BEIER 0~ 65 s WIFLR 5 A
99, S PR S BN EL A L LS s k1
SV 1A 07 K T R
P4 BER .5 T 20 s P, WL 0 AR B
19, 19 0. 6 Ha, 50 FL 75 B I K 52 B K 35
L LR 52, 475 5 9 08 55 B 4 O 4 1
320 ~35 s, LT 7 19 46 B 2 H, 40
T AT A, B B 2 0 535 ~
60 s, WL AL i 8K (DR 35 0. 2 Ha, 15 UL
SAGR IESE G (R4 40 ~ 55 5 WLFL, B IROR
R TP A SR T 65 s MR
5 s 1 3b S XE L0 M RE 2%, M 12: 2719 TFHR 2
I FE BRI Dy O, 2 B AL T 0 NS85,
BT — 1 WD B B R 2 L
ASFFLRE 12:28:36 M (0 B 4 s, 10 20 BB M
ZEMIBMAE BBV ICE S 57 45 BT SO DL€
SR, RS R P P

B2 B SEIILRL A0 S B B 5 B
B Bk SN0 , W #2147 2 0 07 O 0l 1
FL KN 0.5 ~ 1.0 o WeZL 7 645 20 ~ 80 s b
T SESRBE MU 3%, 51 SUAE 7 R, 0 0] 53¢
BN FEAESEI I 15 s 3K IR 2 ~ 4 o, B, I
WP 7 RO A 140 AT 7 2 7
L e N A BT 5
FL TR SN B FLAO S 75 2 15 ~ 25 5, TN
L7 50 R , 0 2 L2
IS0 735 0 5 5 R, 1 B BB B R )
S 3 CHE 3B IF) M BRI LA o %



55 1

EVAH A e 2 T 00 S SR S A I L DT B AR e R 4R B 23 R 305

Pl 3 B o L 0T P A o R ol £k

Fig.3 Curves of vocalization and acceleration in single nursing

B4 —KmFL RS ST

Fig.4 Statistics on three parameters in single nursing

0 IS 10 15 20 25 30
1

1 1 1 1
I 0% 75 451220, 51 .0Fz, F#4:20~180 s ¢ R0 75 AR B 1 5255

= E B

A 5

R TS
SEERE 5,8 AR

M 7L A

Fig.5 Pattern of milk letdown

3.4 %it

FIH ROk, il it 5 Sk B8 (4 1 1 3
MERESIWER2) I 11 ~20d f121 ~28 d fIr &
WA BRI, B 6 R, Z5REH Y
11 ~21d t#,21 ~28 d & H i 7L BB K 46 50 T
80 min L I+, BRSO AT 3 20 B % 1) it B R 5 AR
17 [ — M LI P, 21 ~ 28 d % TG £ WH g s 4 s 1 I
BT 1 ~20 d 1y, [R) I BE B A R R R g 2 11 ~
20 d TEEHMG LA KB B m, 1 ~3
5 BERE TG B WH Y & R B AR T 20 min, i 4.5 5
BERE A 10 B B DA b, L0 £ R G i o7 B K ©
1160 min, 15 B JC £ E I 2 4 30 B A | B A 14 8 1 g
e JCI TR U2 1 B A AR KT 1) 7 5 i A B 5 DA
4 SBERE R, 11 ~ 20 d I L AT TG £ EL I I K
439k 235 .67 min, fij 21 ~ 28 d i HECE 4 50 K
117 .90 min, LR s i 7 A FLEE A2, B &
S ) A7 T A0 1 A K, DRI DACBRE M B 1 1
kW% R IR . a6 45 SR 2% A G & nE
B 5 6 YO 56 T H AT R IR I AR AR LR A 4
Je A ) R A I 5 . AR BESE 1 i 3L

2 A W B HOK RR £ I KBRS 1 B
Al AR SCHRT 19 - 20 1 FIMTEFLI 11 ~28 d £:5%
ARSI

k2 BEIBER

Tab.2 Information of sows’ farrowing

75 1 2 3 4 5
R 1 1 3 10 12
AT R 8 6 14 6 18
450
.5350
;1%250
=

K6 g2 R E R A I K gEit

Fig. 6 Duration of all kinds of vocalization in sow

4 g

(1) B A1) FH i 2 2 80 10 3R 2 B0 1k R A7 A
Y, Ve 4 15 1 D) 3 L O AL R S O L S R
(75 RN A, 5 4 ) Bl 30 o0 e 2 e o T ik



306

Kok HLOB ¥ R

2016 4

FUAE Ul A0 REAE 00 4 e R P UPUBIORG B il L LK
KR K T B H R A R R GR E] T 100%
96.61% 95.17% 1 100%

(2) ABAS IR 7L ) 309 A %o 5, e ~7 A o i L A
PR, i — 20 G0 B A A il L0 P % L
i, VAU 3R AT 0 2L 300 P B 1 e LR AR

(3) IFRAE S & Bt vh A 2 X 73 I 315 4 Sk B
B4 BRI AR B, S B o LT S
W L P N 2 L, B 2 B L 8 2 ) W 7 5 B
A 0 W00 YR N L T 38, TG R A U I K
T, BRI A2 10 BR A A A 2 1] BIR ) B 3R 38 23 9 5
M, 8 A1 IO e S 2 o o

a comparison

2 % X W

1 DAWKINS M S. Behaviour as a tool in the assessment of animal welfare[ J]. Zoology, 2003, 106(4) :383 - 387.

2 STEVENS B, KARLEN G M,MORRISON R, et al. Effects of stage of gestation at mixing on aggression, injuries and stress in sows
[J]. Applied Animal Behaviour Science, 2015, 165(4) :40 —46.

3 ERIKSSON L J, ALLIE M C, GREINER R. The selection and application of an IIR adaptive filter for use in active sound
attenuation[ J ]. IEEE Transactions on Acoustics,Speech and Signal Processing, 1987, 35(4) :433 - 437.

4 LOVE E K, BEE M A. An experimental test of noise-dependent voice amplitude regulation in cope’s grey treefrog, Hyla
chrysoscelis[ J]. Animal Behaviour, 2010, 80(3) :509 -515.

5 O HERTC, BobH, AU, S B RS R XY R F S R MR B [ T]. ol TR, 2014, 30(2) ;212 -218.
CAO Yanfei, TENG Guanghui, YU Ligen, et al. Comparison of different de-noising methods in vocalization environment of laying
hens including fan noise[ J]. Transactions of the CSAE, 2014, 30(2) :212 -218. (in Chinese)

6 UR M B, NIEZRECKI C. A wavelet packet adaptive filtering algorithm for enhancing manatee vocalizations[ J]. The Journal of the
Acoustical Society of America, 2011, 129(4) . 2059 -2067.

7 BEIRENDONCK S V, THIELEN J V, VERBEKE G, et al. The association between sow and piglet behavior[ J]. Journal of
Veterinary Behavior, 2014, 9.107 - 113.

8 TALLET C, LINHART P, POLICHT R,et al. Encoding of situations in the vocal repertoire of piglets (sus scrofa) :
of discrete and graded classifications[ J]. PLOS ONE, 2013, 8(8): 1 —12.

9 PUPPE B, SCHON P C, TUCHSCHERER A, et al. Castration-induced vocalisation in domestic piglets, Sus scrofa: Complex and
specific alterations of the vocal quality[ J]. Applied Animal Behaviour Science, 2005, 95(1 -2) ;67 -78.

10 AYDIN A, BAHR C, VIAZZI S, et al. A novel method to automatically measure the feed intake of broiler chickens by sound

technology[ J]. Computers and Electronics in Agriculture, 2014, 101(4) . 17 -23.

11 WATANABE N, SAKANOUE S, KAWAMURA K, et al. Development of an automatic classification system for eating, ruminating
and resting behavior of cattle using an accelerometer[ J]. Grassland Science, 2008, 54(4) . 231 -237.

12 ANDERSEN H M L, DYBKJZAR L, HERSKIN M S. Growing pigs’ drinking behaviour;number of visits, duration, water intake
and diurnal variation[ J]. Animal, 2014, 8(11) .1881 - 1888.

13 REEIVN, LBIEE, TOKAT, 5. BEIR BB UORTT A S I R g it [J]. B etk R 24, 2013, 36(5) ;133 - 138.
LU Mingzhou, SHEN Mingxia, DING Yonggian, et al. Design of automatic system for drinking behavior monitoring in group
housed sows[ J]. Journal of Nanjing Agricultural University, 2013, 36(5) : 133 - 138. (in Chinese)

14 ZHONG Yue, XU Lisheng, YAN Li, et al. Adaptive R-wave detection method in dynamic ECG with heavy EMG artifact[ C] //
2012 IEEE International Conference on Information and Automation, 2012 83 —87.

15 B2 R OB, 45 TR0 R FE 5 HUE A RRAE SR O 43 2R [T ] Al TR AE4R, 2014, 30(18) : 190 - 197.
CAO Yanfei, YU Ligen, TENG Guanghui, et al. Feature extraction and classification of laying hens’ vocalization and mechanical
noise[ J|. Transactions of the CSAE, 2014,30(18) : 190 —197. (in Chinese)

16 SHAPIRO S'S, WELK M. An analysis of variance test for normality [ J]. Biometrika, 1965, 52(3 -4) :591 - 611.

17 EE, e, k50, 55 JE T MPU6050 14 g g 1% 1 3L 1 B e A0 0 vk [T ] RO WU 2% 41 ,2015,46(5) 1279 - 285.
YAN Li, SHEN Mingxia, YAO Wen, et al. Recognition method of lactating sows’ posture based on sensor MPU6050 [ J ].
Transactions of the Chinese Society for Agricultural Machinery, 2015, 46(5) : 279 —285. (in Chinese)

18 =0, VLI EE X P, A T O SR B/ N (i) BRI L AR 20T P [0 ] R ML= 41k ,2015,46 (11) :330 - 336.
YAN Li, SHEN Mingxia, LIU Longshen, et al. Denoising method of Log energy entropy quadratic wavelet packet in sows’
lactaing vocalization[ J . Transactions of the Chinese Society for Agricultural Machinery, 2015, 46(11) :330 —336. (in Chinese)

19 BRUNING-FANN C S, KANEENE J B, STEIN A D, et al. Associations between drinking-water nitrate and the productivity and
health of farrowing swine[ J]. Preventive Veterinary Medicine, 1996, 26(1) :33 - 46.

20 CORNOU C, VINTHER J, KRISTENSEN A R. Automatic detection of oestrus and health disorders using data from electronic sow
feeders[ J]. Livestock Science, 2008, 118(3) :262 -271.

21 EAL L AR, SIS, 5F . IR MR IE S BRI U ik [T]. AR HL 23R ,2016,47(3) 342 - 348.

XUAN Chuanzhong, WU Pei,ZHANG Li'na, et al. Feature parameters extraction and recognition method of sheep cough sound
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2016,47(3) :342 —348. (in Chinese)


http://www.j-csam.org/jcsam/ch/reader/view_abstract.aspx?flag=1&file_no=20150540&journal_id=jcsam
http://www.j-csam.org/jcsam/ch/reader/view_abstract.aspx?flag=1&file_no=20151145&journal_id=jcsam
http://www.j-csam.org/jcsam/ch/reader/view_abstract.aspx?flag=1&file_no=20160348&journal_id=jcsam



