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Tablel Video framesand frame frequency with different particle number within different time processing

N 0~10s 0~15s 0~20s 0~25s 0~30s ST
u}
Initial particles 54 WisH Frame — Wi Frame - W% Frame Wisi Frame WS Frame A\;eragefrar/ne
5 frequency/ " frequency/ ~ frequency/ ~ frequency/ 5 frequency/ requency;
number equency 1
Frames 4 Frames ) Frames 4 Frames 4 Frames 4 (Mi-s™)
(ii-sY) (ii-s7) (if-s) (if-s) (ii-s)
100 456 45.6 532 35.4 792 39.6 912 36.4 1080 36.0 38.2
150 336 33.6 504 33.6 648 324 816 32.6 984 328 324
200 288 28.8 408 27.2 576 28.8 720 28.8 888 29.6 26.0
250 240 24.0 360 24.0 504 25.2 600 24.0 720 24.0 24.2
300 216 216 312 20.8 384 19.2 480 19.2 624 20.8 19.9
400 168 16.8 240 16.0 312 15.6 384 15.3 480 16.0 15.6
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a SRR SR b. >R
a. A complete pigs’ contour b. Obstructions
extraction

B 1 RIS AR
Fig.1 To extract contour of pigs

X

R

Contour centroid

7 BB
Tracking rectangular

center
B2 FRIZIEFAE oS Futb BT s AR T &
Fig.2 Tracking rectangular center and contour
centroid coordinate diagram

c. AFRLEWE
c. Deviation position
of target

b. IREFAEAE WFS
b. Tracking rectangle
migration
e BT B xoy ARBRIE R, KOS x Bl SEELE) R A y H FETR

M HARERERAE . T IR

Note: Point in figure top-left is as origin of coordinate xoy with horizontal
direnction as x aixe, vertical direction as y axis; Rectangular box is for target
tracking. The same as below.

B3 ATARESFIEHT IRE A B AR A RIZ R
Fig.3 Target pig tracking effect with particlefilter
agorithm based on color features

a WIRILERER
a Initialize the tracking

¢ IEWERER
c¢. Normal tracking

a IREAILAL
a. Initialize the tracking

b. EREFFETEHE TS
b. Tracking rectangle
migration

B4 B4 Eakb o TRk Fik B ARE R R IFAOR
Fig.4 Target pig tracking effect with particle filter algorithm
based on multi-features fusion
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B 4b H e#AE S M ET ERER T HE RO AL BR N (981,708),
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K 4c h RGARE AR (9) H5E F5 BT IR BE H b br ik
TR, MR (10 THEE EAAARIE, K ERERH Y
HE AL AR BR B 1E A (851,613), 4 /MR I HE FEHE IR A2 (4
% 2), Bl 4c SR IEWIIREE 6850 . AU SH R O Al
B R FE AR 25 45 10 22 R R 2R T I8 0 B AR BRI,
T TR IR PR IER H bR A I

2 2014-08-12, HFFHERAGHIRIFIRREET
OHE JE A FREIE
Table2 Revised 6# pig's coordinates by particle filter
algorithm based on multi-features fusion, 2014-08-12

PR EFH T AE ek

BRRA 6] b HiT Lt \ B TE AR
Trackin Coordinates of Centroid fii% Revised

; 9 oorainates ol coordinates of Deviation .

time rectangular t coordinates

arget
center

08:38:26 (684,509) (868,569) (184,60)  (776,539)
08:38:28 (703,517) (873,736) (170,219)  (788,618)
08:38:30 (682,509) (723,520) (411D THFABIE
08:38:32 (696,516) (739,568) (43,52) THFABIE
08:38:34 (767,529) (867,723) (100,194) (817,626
08:38:36 (760,529) (819,617) (59,88) THFABIE
08:38:38 (619,510) (717,731) (26,221)  (632,620)
08:38:40 (706,523) (743,544) (37,21 THFABIE
08:38:42 (722,518) (981,708) (259,210)  (851,613)
08:38:44 (755,556 (898,735) (143,179)  (826,645)
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FeBYA A o VR AY 5 min LA ISR ik 55.00%,
FLUCEE 10 min LA SIE Dy 82.92%. ARG A SEAE
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B 5 BAFAERPEE B6 fERRERIFLMN

Fig.5 Target pig obscured Fig.6 Tracking thepigin
feeding area

£ 3 1#-8#EJETE 2014-08-12 LR RG]
Table3 1#- 8#pigs actura feeding time on 2014-08-12

AREGRYS B RE BRI S BB RRE BE KIR
Pigs 1% feeding 2™ feeding 3%feeding 4"feeding 5" feeding

1 05:53:18  10:50:30  13:59:20  16:10:22

24 01:12:53  06:03:33  09:41:01 15:41:30  21:04:50
3# 07:23:00 11:44:20 15:13:00 18:31:10

4# 03:15:00 10:39:40  15:24:30  18:04:10  21:04:50
5# 06:32:54 07:40: 00 12:01:40  13:58:00  23:31:10
6t 07:05:22  08:19:00 13:02 15:51:10  23:24:19
T# 05:49:00 08:06:40 13:50:10 16:36:00  17:54:50
8# 00:59:55  03:30:52  15.00:58  16:49:28  18:12:45

R4 1#-8#EJETE 2014-09-00 SEERE R BTE]
Table4 1#-8#pigs actural feeding time on 2014-09-09

ARG B IRE B SRIRE BERRE BURRE FRRIRE
Pigs 1% feeding 2™feeding 3feeding 4" feeding 5" feeding

1# 03:42:10 07:13:00  09:45:16 11:50:00 17:10:17
2 07:48:20  13:19:20 152430  16:32:22  23:29:20
3t 01:01:49  06:56:13  09:09:22  13:51:40  22:08:48
4# 00:55:00 06:22:32  11:20:30  16:59:00  23:14:55
5# 00:31:55  07:08:01  10:12:10 15:51:00  18:17:30
6# 07:17:00 14:52:05 18:50:40  22:20:42
T# 03:32:00 10:22:30 15:11:34  17:56:33
8t 03:51:55 06:46:36  14:10:10  17:33:45

# 5 NN TACFMA L FILIRE AR B R ST
%, hE 5 IR, 2014-08-12 A5 SehrR vk 38
W, ARCHIEREER & IREL 35 K, A BEREEAE HEE
92.1%, [FIFE{5 %) 2014-09-09 Al K A5 T 94.6%, “F-¥)
G132 SR ERS FE N 93.4%.
#=5 HEHIERXEGITER
Table5 Pigs feeding frequency statistics

2014-08-12 2014-09-09

RS SCRRUCH BRERKHC SRR BRERIKHC

Pigs Timesof manua  Tracking Timesof manual  Tracking

statistics times statistics times

1# 4 3 5 4

2# 5 4 5 5

3# 4 5 5 4

44 5 4 5 5

S5# 5 6 5 5

6# 5 4 4 4

# 5 4 4 4

8# 5 5 4 4
i = = @ =

4 & ®

A SCA R T B TR TR U R I B bR AR R R R
G, SCULT 2R R GORLT IR I R R VAR AR R R AT
NEIEREE . EELRINT: D HPIEE S B AR
ORHIERLE, FET HARC BRI OARAR, PR I8 i 592
B EN B AR AR rp O AR AR AT —IRIBAT, AT
H bR A G R BRI AT SRR S R s 2) IRIR SRR, %
FOEREEHETR . AR ESHT H AR R B AT ik
1T H R B E AT, TGS B AR R
N 93.4%.
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Automatic tracking of pig feeding behavior based on particle
filter with multi-feature fusion

Li Yiyang®, Sun Longging®*, Sun Xinxin'?
(1. College of Information and Electrical Engineering,China Agricultural University, Beijing, 100083, China;
2. Tongfang Co., Ltd., Beijing, 100083, China)

Abstract: The basic behavioral characteristics of live pigs are mainly shown through daily food intake frequency, water
intake frequency, and excretion frequency. These factors indicate the health states of pig growth. Monitoring and
analyzing the behavioral characteristics of pigs are important basis to understand their health situations. Currently, we
mainly use artificial way to monitor livestock behavior in China. This method consumes large amounts of human labor
and energy, and the observed data obtained in this way is subjective. It is difficult to ensure the accuracy and the
continuity of the records. We take good advantage of pig detection and tracking technology based on machine vision to
monitor the behavior of pigs to evaluate the health status of pigs in time, and to reduce the morbidity and mortality of
pigs and increase the daughtering rate of pigs. It hasimportant practical significance and application value in improving
peopl€e’s confidence in pork quality and increasing the income of farmers. Target tracking technology is the basis of the
moving target identification and abnormal behavior tracking, recording and analysis. We research the real-time
monitoring of the target pigs foraging based on the particle filter target tracking technology. Particle filter algorithm
closely approximates Bayesian filtering algorithm based on Monte Carlo simulation, and it is used in target tracking
widely. Conceptually, a particle filter tracker maintains a probability distribution over the state (location, scale, and so on)
of the object being tracked. Particle filters represent this distribution as a set of weighted samples, or particles. Each
particle represents a possible instantiation of the state of the object. In other words, each particle is a guess representing
one possible location of the object being tracked. The set of particles contain more weight at locations where the object
being tracked is more likely to be. This weighted distribution is propagated through time using a set of equations known
as the Bayesian filtering eguations, and we can determine the trgjectory of the tracked object by the particle with the
highest weight or the weighted mean of the particle set at each time step. In view of the pig behavior characteristics and
the actual situation of the farms’ video image acquisition, this paper takes a group of pigs raised as detection tracking
target. On the basis of analyzing and summarizing in particle filter tracking algorithm, we carried out particle filter target
tracking technology for pigs which is based on the color characteristics to achieve the goal of tracking pigs. In order to
solve the problems in the color characteristics of particle filter target tracking for pigs, we fused the color characteristics
and the target contour centroid feature. The specific methods were as follows: First of al, according to the particle filter
tracking algorithm based on single color feature of target tracking on the position of the rectangle coordinates, and the
height and width of the target tracking rectangular box, we calculated the center of the target tracking rectangle
coordinates. Secondly, we determined the centroid position of moving pigs on the basis of the comparison and analysis
of moving target centroid position and the minimum circumscribed rectangle length-width ratio. Finally, according to the
target contour centroid location and the center of the tracking target rectangle coordinates, we calculated the amount of
deviation between them. When the deviation of target contour centroid and tracking rectangular box was too large, we
took a second correction for tracking the target coordinates based on the particle filter algorithm with multi-feature
fusion. The improved algorithm presented in this paper updated the tracking rectangular coordinates through the target
contour centroid coordinates, and gave the new tracking rectangular box. This paper constructs the target pig tracking
system based on particle filter algorithm, achieves a multi-feature fusion particle filter tracking algorithm through area
real-time monitoring, and completes the statistics of the target pig’s feeding time and food intake frequency. Experiment
results prove that this algorithm can automatically accurately track, record and analyze the feeding behaviour of the
target pigs, and effectively deal with the problems such as target short-time missing. The feeding frequency and time of
the target pigs are amost the same as the manual statistics.

Keywords: feeding; tracking; algorithms; particle filter; color feature; contour centroid; verification; pig



