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Classification Methods of Vocalization for Laying Hens in Perch System
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2. Network Center, China Agricultural University, Beijing 100083, China)

Abstract; Multi-taper spectral analysis was used to perform vocalization classification for laying hens in
perch system. Sound Analysis Pro software was applied to compute spectral derivatives and acoustic
features. Three methods including J48 decision tree algorithm, NaiveBayes theory and support vector
machine were used to classify sounds of laying hens by using the open source data mining tool of Weka
3. 6. Experimental results showed that vocalization of egg laying process and pleasure notes accounted for
42.2% and 21. 6% between 7;00 ~8.:00, while the natural behaviors and physiological activities were
strongly performed with a comparison to traditional cage system. It was found that J48 decision tree
algorithm had the highest classification rate (88.3% ) for vocalization of laying hens, which could be
used for different animal vocalization.
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Fig.1 Schematic diagram of perch system

LRSS 200K 3,74 4 4B 5 il 6. ok

TP FUOE BRI B A RTEE T, B DR AR X Y I AR
1.2 Z|BEFERIRE

Y K AE B R AE R S8 R R (PXT -
4472B %I National Instruments, Austin, Texas, USA) .
WS A5 % N 0.02 ~ 20 kHz HY 4 ] B 15 75 4%
(MPA201 B, JbR0R SR L AR BRA A]) AR A
BN 102. 4 kS/s BB R A7 (PXI - 1050 #Y,
National Instruments, USA ) ZH i%,, K 5 814 & Sound
and Vibration Assistant 2010 ( National Instruments,
USA), S8 ad B, S8 R B R E N
4.1 kHz SREEHE B 16 1, PR IE R, S %51
ZABEXG AT 2R, Ve e G 47 ~ 48 JA i g i
ME], FF2E 7 d, % 58 2 X0 ™ & i ) 2 A -
P RS R 7:00 ~ 800 S HR XY K A R AE
] A ] S AT I SR AR SR 2 7 h s, U
# . tdms 1 ] SCHA% HEA T
1.3 $HERE

NREAT HEXG R IS A, S Labview
G A IR SR + . tdms BRI * . wav A HESEE
AT, SR )5 1z & WAk BB/ Adobe  Audition
vl. 0( Adobe Systems Inc,San Jose, State of California,
USA) #EAT A/D B4 FEME WOINE | HRAE R AL PE,
DITH BRI B MRS | 9l /b 35 X9 e 7 i & X REAIE 3 AT 1)
SO B ARG P LA Y R O DL T
Fo AL HEAT U)o MR AL B 663 DR L &
WA B, b 565 AN A ROEHE 98 IR GRS

TELEERE 38 FHE 0 BT #4F Sound Analysis
Pro ( Bell laboratories Lucent Technologies, Holmdel ,
New Jersey, USA ) ZRHUERAY A& 75 Bl ik 25 44 (4], Se it
RS LEWIR TR AR T 2 75 200 B HO I 1Y
13 03 P OGS R IE S8, AT . 78k
A 1] ( Duration) %1 ( Amplitude ) F3J 551 % ( Mean
frequency ) . 4l & & | ( Frequency modulation ) |
Wiener 4 ( Wiener entropy ) FE % L ( Goodness of
pitch) % 6 AMFFAEAE" " DUCAE R RFAE 17 8 FH T
AL

2 ER5HH

2.1 WEFHEER TEIBHE S LS R IMEFFHIE
RS, XS N (DR 700 ~
8:00 FYAFE 43 A XF 42 ) | AR 4 LA 13 46 ) 11 1) A2
A E R E RN, R N T ik it
A FREAREL, X 565 AN RS R B
WS KB, TG & 7 14, 8% W IR A MR | o1k
AT 585, 2% ARG I AR R T 4 R RIMAT
R IR FLR 2SN SR | R, 25U 7R Y



238 P

RIAIA A S

20134

WS LEF N E 2 iR, PEEM A A 2 M (a
Mla,) i 5 e A 42.2% |, 3 5 J5 T 5 X0 = &

Ja , BRI S PR E L 575 A
A 100 ~2 000 ms ASZ5ERYENIT ] 521, 6% B9 R HERG

F1 BERFERATEBREHIESH

Tab.1 Acoustic features of laying hens in perch system
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Fig.2  Spectral derivatives and different syllable

types of vocalization for laying hens
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Tab.2 Classification results of laying hens vocalization

%
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25
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Tab.3 Confusion matrix of classification test built

by J48 algorithm of decision tree
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Tab.4 Contrast of classification performances
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Bk PR F /% FEARSE] 1/ ms
DT 88.3 60
NB 84.0 20
SVM 85.7 220
3 4RIE

KBTS S BT B AR 3R B S8 SR AR AR T 20
(14 S 7 2 T RIS &5 WA R I, A A% B8 1) i 1) S 77
B SBR[ SRAT N AR B Bh A5 21 5543 1 R PR
5335 IBARZET- 4 Weka MAKFC, M T 3T
148 PRSI BRVL W BS54y RPN T ik HANR
DU ST A3 RN S 4 1) S WU R A USSR AT T L
B HOE IR 3k 3 88.3% , il F TS & 1Y
AR 5028, R IERE b gF— 2 i S &
FE L RRE A TEE KT MR ETFE 1L
H SR B R SE W B & il R TR RIS (5K
PR 22 G A P TV R AL B AR I AN S T B



%59 AR 45 WISRTRAEAL T JEXY K A 2y 25U 241

10

11

12

13

14

15

16

17

18

19

20

21

22

23

2 % x #t

Council Directive 1999/74/EC. Laying down minimum standards for the protection of laying hens [ S]. 1999.
Jendral M. Alternative layer hen housing systems in Europe [ R]. Prepared for Alberta Egg Producers and Alberta Farm Animal
Care Association,2005.
Aerni K, Brinkhof B M W, Webchelser B, et al. Productivity and mortality of laying hens in aviaries:a systematic review [ J].
World’s Poultry Science Journal ,2005,61(1) ;130 ~ 142.
Blokhuis H J,Fiks Van Niekerk T,Bessei W, et al. The LayWel project: welfare implications of changes in production systems for
laying hens [J]. World’s Poultry Science Journal ,2007,63(1) :101 ~114.
XIS AR ERITT. AR R R G TEHERE C] /7 th Al T2 22 2009 4FARAE 2B SCEE  INTE KA,
2009.
Liu Huaqiao,Li Baoming, Wang Chaoyuan. Aviary housing systems for laying hens[ C] /2009 Annual Conference of the Chinese
Society of Agricultural Engineering, Taigu Shanxi,2009. (in Chinese)
AR DRI, F 4 55 WA XA T A S AT S [ )] E K85 ,2009,31(12) 122 ~24.
Zhao Furong, Chen Gang, Wang Zhiquan, et al. Effect of perch and its effect on behavior of layers [ J]. China Poultry, 2009,
31(12) :22 ~24. (in Chinese)
Ferrante V. Welfare issues of modern laying hen farming [ J]. Italian Journal of Animal Science,2009,8(Supp. 1) :175 ~189.
Lay Jr D C,Fulton R M,Hester P Y, et al. Hen welfare in different housing systems [ J]. Poultry Science,2011,90(1) ;278 ~294.
Marx G, Leppelt J, Ellendorft. Vocalization in chicks ( Gallus Domestics) during stepwise social isolation [ J]. Applied Animal
Behavior Science,2001,75(1) :61 ~74.
Manteuffel G,Puppe B,Schon P C. Vocalization of farm animals as a measure of welfare [ J]. Applied Animal Behavior Science,
2004,88(1 ~2):163 ~182.
R B, JET R (R B S AR I IS BUR [ C ] /7 Alk TR AHT 5 i B LR — P R ARl TR 2
2005 A2 ARAE IR SCHEE =0, 2005 :446 ~ 450.
Li Zhizhong, Teng Guanghui. Research progress of measuring animal welfare based on vocalizations [ C] // Technology Innovation of
Agricultural Engineering and Construction of Modern Agriculture-Proceedings of 2005 Annual Conference of the Chinese Society of
Agricultural Engineering ( Volume 1IT) ,2005 ;446 ~450. (in Chinese)
2 BOOHE. STt MPCC BB A R R SR IO L [ 1] A0l T AR 412,2008 ,24 (11) :202 ~206.
Li Zhizhong, Teng Guanghui. Feature extraction for poultry vocalization based on improved MFCC [ J]. Transactions of the CSAE,
2008,24(11) :202 ~206. (in Chinese)
ZEE OEHE. TR SR R & MO A UM T BRI [T ] A HLBK 12, 2009,40(3) 183 ~ 186.
Li Zhizhong, Teng Guanghui. Application of sub-band feature of poultry vocalization for identifying their status [ J]. Transactions of
the Chinese Society for Agricultural Machinery,2009,40(3) :183 ~186. (in Chinese)
Zimmerman P H,Buijs S A F,Bolhuis,J E, et al. Behavior of domestic fowl in anticipation of positive and negative stimuli [ J].
Animal Behavior,2011,81(3) :569 ~577.
Kk gHe. BRI AR ZR 45 v i) 3R 4 R B A I T EE S AR P S [ D] bt i EARE R 2012,
Du Yan. Influence of different stocking density and laying nest boxes configuration on performance of new perch housing[ D ].
Beijing: China Agricultural University,2012. (in Chinese)
Tchernichovski O, Nottebohm F,Elizabeth Ho C et al. A procedure for an automated measurement of song similarity [ J]. Animal
Behavior,2000, 59(6) .1 167 ~1 176.
Derégnaucourt S, Mitra P P, Fehér O, et al. How sleep affects the developmental learning of bird song [ J]. Nature, 2005 ,433
(7027) 710 ~716.
Fehér O, Wang Haibin, Saar S, et al. De novo establishment of wild-type song culture in the zebra finch [ J]. Nature,2009,459
(7246) :564 ~568.
Frank E,Hall M, Trigg L, et al. Data mining in bioinformatics using Weka [ J ]. Bioinformatics,2004,20(15) :2 479 ~2 481.
Wi, BH 2 R — Pl 17 ) SRR 2R D307 i b SRS R 2R 07 12: [ 1] A HERLM IIFY ,2010,27 (10) 23 737 ~3 743.
Yang Ding, Yang Aimin. Classification approach of Chinese texts sentiment based on semantic lexicon and naive Bayesian [ J].
Application Research of Computers,2010,27(10) :3 737 ~3 743. (in Chinese)
Cordeiro A F S,Nads [ A,Oliveria S R M, et al. Efficiency of distinct data mining algorithm for classifying stress level in piglets
from their vocalization [ J]. Engenharia Agricola,2012,32(2) :208 ~216.
Sossinka R, Bshner J. Song types in the zebra finch Poephila guttata castanotis[ J]. Zeitschrift fiir Tierpsychologie,1980,53(2) ;
123 ~132.
T, TV A e A 2D AR ARG R R RO [ )] SRS, 1996,17(4) 1403 ~409.
Jiang Shiren,Ding Ping, Li Jianhua, et al. The sound spectrographic analyses on the call of golden pheasant Chrysolophus pictus
[J]. Zoological Research,1996,17(4) ;403 ~409. (in Chinese)



242 P A R = 4 20134

24

25

26

27

28
29

Thompson J A, Basista M J, Wu Wei, et al. Dual pre-motor contribution to songbird syllable variation [ J]. The Journal of
Neuroscience ,2011,31(1) :322 ~330.

TR AR, PSR 27 2] TR SR A [ ] AL 4z, 2006,37(2) 1127 ~ 131.

Fang Jun,Xu Cheng. Application research of decision tree learning in parametric design [ J]. Transactions of the Chinese Society
for Agricultural Machinery,2006,37(2) ;127 ~ 131. (in Chinese)

XX 5k R SCT5 A5 AL S PR LT 2 PRI BRI [ T ] A AU 412,2010,41(3) 158 ~162.

Liu Shuangxi,Zhang Xin, Zheng Wenxiu, et al. Image feature extraction of cotton foreign fiber [ J]. Transactions of the Chinese
Society for Agricultural Machinery,2010,41(3) :158 ~162. (iin Chinese)

FRSEAR BT HOKAR. 6T J48 PSR B /K RN ik [ THEEHL TR ,2012,38 (1) ;264 ~267.

Cheng Kefei,Cheng Lei, Huang Yongdong. Water quality evaluation method based on J48 decision tree algorithm [ J]. Computer
Engineering,2012,38(11) :264 ~267. (in Chinese)

Theodoridis S, Koutroumbas. #xCHUI[ M]. 4 . AR, EZbk, £0F, 4, 7% WAt i7 Tolk ittt ,2010: 146 ~ 150.
Grzesiak W, Zahorski D, Sablik P, et al. Detection of difficult conceptions in dairy cows using selected data mining methods [ J].
Animal Science Papers and Reports,2011,29(4) ;293 ~302.

(L#EFE 224 1)

10

X, SRAEAE. BT HLEEOL T A BRI S B AR AU [ T]. AR 4 ,2011,42(7) : 200 ~204.

Liu Feng,Gong Jianya. Individual trees recognition in dense forest based on airborne lidar[ J]. Transactions of the Chiese Society
for Agricultural Machinery, 2011,42(7) : 200 ~204. (in Chinese)

XPFHE, 22070, BRUR S, 26 L3R LIDAR 8O I A M [ )] S8Rl IR, 2010(7) - 765 ~770.

Liu Qingwang, Li Zengyuan,Chen Erxue,et al. Estimating biomass of individual trees using point cloud data of airborne LiDAR
[J]. Chinese High Technology Letters, 2010(7) ; 765 ~770. (in Chinese)

Hofton, Minster, Blair. Decomposition of laser altimeter waveforms[ J]. IEEE Transactions on Geoscience and Remote Sensing,
2002,38(4) : 1989 ~1996.

Burman H. Laser strip adjustment for data calibration and verification[ C] // The International Archives of the Photogrammetry,
Remote Sensing (TAPRS) , 2002,34.A67 ~ A72.

Axellson P E. DEM Generation from laser scanner data using adaptive TIN models[ J]. TAPRS,2000,33; B100 ~ B117.

Wang L, Gong P, Biging G S, et al. Individual tree-crown delineation and treetop detection in high-spatial-resolution aerial
imagery [ J]. Photogrammetric Engineering & Remote Sensing,2004,70(3) ; 351 ~357.

Chen Q, Baldocchi D, Gong P, et al. Isolating individual trees in a Savanna Woodland using small footprint LiDAR data[ J].
Photogramm Engineering & Remote Sensing, 2006,72(8) ; 923 ~932.

X HE. FLEHOL TR B AR SEAEEINEDE [ D], duat: hEMLRHEDFTEBE,2009.

Liu Qingwang. Study on the estimation method of forest parameters using airborne LiDAR[ D]. Beijing; Chinese Academy of
Forestry, 2009. (in Chinese)

WRAG I R IR AR MY T M. st Aol d R, 1989.

Liu QW, LiZY, Chen E X, et al. Feature analysis of LiDAR waveforms from forest canopies[ J]. Sci. China Earth Sci. ,
2011, 54. 1206 ~1214.

EFH . AR F 7 AN TARBRGE AR D] JEat dbathfolk k2% 2011,

Wang Xiuyun. Distribution of carbon storage for Larix olgensis plantation of different stand ages[ D]. Beijing: Beijing Forestry
University, 2011. (in Chinese)



