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SEREFIFEHE, BBl 7&K EB
Nasirahmadi %5 ¢ 2 P 35 S0k bR MG 5, BiJS
FIH Otsu FEH € —HA > EIRME, fJaxt —(H EHG
AT P AN I 1) T 2S5 22 A0 B TE 3 B /N TRURR R e 75 A, I
R BIRB RN > E 45 B . Nilsson SR 7 3T 3 14 %4
2L RN 25 2] oy B, B e s A BRI
S5 05 10 MEE AR EAE AR R R ME R AU T
MR [X 1, (region of interest, ROI) HIMEZR, #x& 153
ROI MIMEZR KR, SEBIN A BGRB8 HE, 2%
HRREIR, BEER, M H M LS FALE K
BK PViESE R T — R F G Graph Cut H%:
A58 B o B T77%, 107V RS Dk 1 S A G T 4y
FIGE R, BABE K E T, (HR iR
A E 0 AR, FEARAE P R, R R R 1
AT 53 EIETE 43 E1 5 B MG LA T AMAA7 iR .
NEPRE IR R IR, AR PR A LR ) R, B
RRREEUTEL W T i O A R A B HLIY R 48 K BR B
W, AR RE B R T R GO0 B AR ERER K
Wil o A 7 SRR R 2R 0 R S5 5% A R K FRE I i)
srl, Guo SR T —Fh AT PSR AUR KR o
#|57% (decision-tree-based segmentation model, DTSM) ,
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AR EEIENR, BENSAE 2 MR AR T SEIK RS R
AR ER R, BT, AR WAHCHE 7o DTSM SR
FAERE AR UG 3 #1718

HTJrH, BT EFREER, FNEEZILME, MR
EUE BRI R AU W 78 BUER 5 RIHR B H B R [X I,
JG, TR R AR B AT RN I . RE
S B IR 7 v R B AR A KU B M R SRR AN 4y
F AR, m R R A e, K
BAR K BG4y KIS 4y I BT B
FPE R, SCIBNERE AR R, BRI TTIRNRNE S
BB T A FIHs HE R, IR B R ERE
BrrER. Lu SR ARS8, BT #
AR RN, FH R RREE R G,
BAFAEFIE S B . Ju PR IR E %2 2] YOLO 5
EHAT R A, AEBUE MR GBS, FESRIE
HFIEE] T 91.96%, (A2 G 4 A RO B 158
HER R, 55 AP R P PG b e 1V g 4 5 A B AR
NEFENG N FESEE, EURERELR T
93.5%. Z=3C 55 A5 ok i B 4 R R B AT IR 2 1 B
e R B A, SRS Ak S R A RS B 0 B8 A
EERE Y SRy B AU AT FEE R E . 2K ERYE
I SRR AR T S5 XA R B 2R, 1 40 1 o AL
S EIZ, RER S T RERR B o FIMER .
TN PIR H T —oh [1] A 0 R0 DUC E Fr M AT AR o
JiiE, ST AEMR AT . HEREZE, B
BEAE DL FE, B I8 73 B 77 VR ME DL S B T A 1 1) 1
o &

A TR I 7 55 T B R 48 1 302 40 19 T s o 3 5 2K
FERRRE/N ROERSE LR 4 ESEPEIE 2 PR, sk
LR TG ROEEMR R B 3l 2 BB R, ASCEERT AW 5T
Shiti b, ) P S (decision-tree-based segmentation
model, DTSM) HEN FIEE KGR, 45 & hrid KI5k
TRIFHERNE S HIZ, HITIL R LICIREHE, RFEHE
TR S B R R E R B s o E, DU E
FEAFAEECE 1) B B SORE R ANMRAT R BE R Sl FR
BORH%

1 #R57%

1.1 B&RRE

T 2018 £ 8 A 16 HIER BB TR AR AR &1E
FEFEIHFA] T 6 min ST . MUATIGHE 5 25 /s,
L1t 9 000 WK . #HATEFE T 13 LF M, mFesh
G SKH SRR IE BT (e B AR5 Sk i AT R
AR IR0, TN LR SN 3 mo AL EZR|
F 512 4% 3 X 288 {5 2 KR o BUG IF F A0 1 BB 43 31 A
FENE, T MatlabR2017a ZWFESZEL, PC ALFRZE N
Intel Core i7-4790, F45i~ 3.6 GHz.
1.2 RERWMEGHSEEL

BENLEE 5 MR AR NIIEREAS, i ar desemt
S EIERL . FEVNGREARE B, N TR T B i X 35
(region of interest, ROD) Fl1i5 5% X 45, F-4£H RGB. HSV.

L*a*b*3% 3 MPEAENAN 9 Mo E, W 1 s,
FIFT CART S7: 20V 37 J 1 RRAIE 1 DR SR P 1
B, il 2 . B EESLAF BRI AT R 0
I3 A AT R MR R TR E )& T ROI B
s Xak, AT S I R A 2

—_—

VE: UKL BRI, R G AR
Note: ROI is shown in red and background is shown in green.
Bl ATREIGHES
Fig.1 Collecting training dataset by manual labeling

R<0.45 R=045

a'<2.25 a’=-028

‘ b=072 @
Background Pig Pig
a'<-1.24
b'<1.32 bh'=132
Background

®
Background Pig

¥: R RGB HEZE R BN E: a*A L*a*b*BiE SN a* BRI &,
b*H L*a*b* 5 (A ) b* U7 55 pig NS ERIX $k; background 7 5t
X3

Note: R is red component in RGB color model; a* is a* component in L*a*b*
color model; b* is b* component in L*a*b* color model; pig is the ROIL;
background is the region of background.

B2 3T CART fik 49 B 1505 e At

Fig.2 Decision trees for image segmentation based on CART
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VERNFHE X B4 Bh Ik H . Mk, B R IR i K
A 45000 23 il vE 5 G A &0 36 X 3k 1 52 2% B A T
o 5§ ANMEE XL C>Co H AP A 1, A%
X8 TR R X 3, FREHAT o El . BERE AR
R X B R EREER, WRES X,
Wik 3 firs
\
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a. R R IX S0 52 A4 3
a. Complexity of connected pigs areas

T B RUE R R Sl X IR IR
Note: The number shows the complexity of each connected region.
B3 REE s iAe R R R Y B4 AT b
Fig.3 Comparison of complexity between connected pigs and
isolated pigs
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PAWINCE P N S s e L (VSN B e TN I
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IR DI 73 K A 225

5) 5 RE DX 73 7K U AR i 2 P B 5 3 T XIS )
MRS R 2R B b 78 EURHEAT 5518 545 21 R 18 4K X8R 16
rENZ, Kl 4 frs.

HI T SRR A B, AR AU AeT5 e R 520
A IR N IA Z D ATRARD, SBUR RN AR L
A EIPLGR, B o FIL AT 2D ik .
1.3.3 KT RARSFAE 69 REE IR 93] &5 0 ik

WARAGHE R, FEPTLKRZ L, A
SREIBVIEAIDE D& TS T 1D EE B e St X P i BU A
LD A, HERRIT A Bk, R fr i iy 12k,
TP RARE SR 7 BRI e M FE AN Harris s M. 2kt
JE L 5 A0
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b. LU A Xl 22 2
b. Complexity of isolated pigs areas
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a. DTSMZ3HI45 R L= IE TV S MR E AR/ ON A
a. Segmentation result by decision-tree-based b. Regional maximum superimposed on
segmentation model (DTSM) original image

¢. 3K AT L d. BRICH I IR 70 KU AR 2

c. Watershed ridge lines d. Marker-controlled watershed ridge lines

£ Ky Ik

f. Candidates of segmentation lines

e. VM XIS R L

e. Contour of connected region
B4 Frigsd&egpnldi
Fig.4 Detection procedure of candidate lines for segmentation

a. =091, N=6 b. L=0.96, N=4 c. L=1.12, N=2
.
d. 1=0.84, N=8 e. [=0.54, N=6 f. 1=0.81, N=8

Ee LARTRERIERE, NRRYI R

Note: L is linearity and N is the number of Harris corner.

B 5 fFihgBlX e &R D E4E
Fig.5 Linearity and number of Harris corner of segmentation line
candidates
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T k=0.6. WFZE, WLRE; RS, WHEER. NP7k
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SR G LUBRIXIRG . N T BRI F G 5
Fl R JLAERE Py oA, )P g o ) 43 S0 o Bk BT
X IRABEAT = 135043
1.4 FESBMRIFN
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RB)FERANER, B T B 73 31 S R 43 B S L o
M A SCITEAT ROERR N 0 5], SAFAE LT 70 H1
BRI EICL LI 0 ) 3 BB . AR SR F HERA 73 1 2
(segmentation accuracy, SR 77 #| 2 (segmentation error
rate, SER) s #|#% (segmentation missing rate, SMR)
3 MEIRARNE S FIRCRBAT VR . BARPR TSR T

N
SR = —=™< x100% (3>
auto
N
SER = —= x100% (4>
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Nmiiqin
SMR = —"= x100% (5

manual

e Neorrea N IEFA RN RTELEH » Naissing TR A
M FIIRELEH ) Npanwa WA THRE RRELEA
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FIRIELEH .
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FEAT AN ECIB G2, A AR AR AR AL RE =y, FE3R
U 9 000 Mt & A7 A2 R BTCAR EIE, REAE 150 it
BEHLHE 1 M5, SR A 60 it PG IRV R 2 R
o N TR A SCEIE S SCER[19] 8 AR, 0 ik
2 FREVE R AL ACFIR % (counting mean error, CME)
bR 2 (root mean square error, RMSE). “V-IJ#&L i kRS
(average counting time, ACT) M #% & #E#f % (counting
accuary, CA) o FEFRITHEITVEW N FR

F
CME = lz|y1 manual _yi auto <6)
FI" - N
1 & 2
RMSE = _Z(yl manual _yi auto) (7)
FiIE -
F
Zyiiaum
CA = =L x100% (8

- F
Z Bz i_manual
i=1

A F IR BRI v manva WA TAE R 7 i
BRI, yiao NAEIEAZNEFFRIS @ Wil
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2 HZRES

2.1 BARESEHER

NT IS BT AS TR UG o BNV S L I 43 BIRUR, 45l
FIH Otsul® . 5 K BE 1 DTSM B A B R SCHTA
AT, sy Rk 6 frs. BRI, 5 Otsu (B
6b) « EKIHRME (B 6c) EIE LML, DTSM Hik
(E 6d) BoeBethfh e TR R X3k, EEH PVC &
Fith SRS EEE, DTSM 8iEREEK PVC & HE N
HHt. PVC BB ARIE AR ISIEE, e HaE K
BB R . B DRI TS S 18 A R R P b B
DTSM 73 #1458 (] 6e) , F£Ex PVC &2 K155 15 5
A&y EIE R (6D .

2.2 FERKSBER

T T M B UE B AR B SR, A9 000 Mt
G Nkt 25 Wi B AT 5 25 B E R AE 1) G AT B
FEAR Y8 o T 121 58 280 1R 7 25 0 3 B e A AR 1 2
L. guit 25 MBI R ER AR BIRCR, N TES
EILR N 60 %, ACHILHEZNRAEIL 47 %, HAIE
AR AR BIZL 42 45, WA EIZE (SR) N 89.4%,
REIR (SER) N 10.6%. IR IRHIFIEESEIL A
18 %, JarHIE (SMR) #&E, N 30%. I EI%R e
RHTH 3 WEGAEE R LR fEE—ERILS, Tk
KMEA T FHRRAGAEHE R E VSN EE, RoE%E
N 5.3%.

b. Segmentation results by
Otsu method

d. DTSMZ3 145
d. Segmentation results by DTSM

c. Segmentation results by
maximum entropy

e. JEAFIB T A Y
e. Results of morphological
operations

£, ey A 9
f. Final segmentation results

B 6 TR FRE GBI LRI
Fig.6 Comparison of segmentation results by different methods
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SCHROOVHAIE X AR i B #t AT e 55, 3
R AR RS SR B EEAE D, A2 R 0 B 2R IO K B I
FE A TF, i 7o o [FI, SCHR(197056 H &
TH BRI BB 5 #5081 280 X720, 4 4 P A KA1
o, RS RO BRI IR . T AS
S AE B0 BB ) BRI JE A T 5 5 SO L
BN, o FIER I X 380 T 328 55 AOR 6 E i 4 1A IX
B, Wil 7a Biax. SCHER[1915 7 FI A 45 5
7o R, SRS 7 B I B R A S IRTE IR
B X ARAEAT 70
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b. SCHR[19] 75 # 2R AG il 45 S
a. Connected region segmentation line  b. Segmentation line detection result of

a. A SCELR RE DX HI L FRAS 45 R

detection result of our method literature [19]

B 7 AILFEEREI#R[19]1F %52 LA m 4 R et
Fig.7 Comparison of segmentation line detection results with
method from literature[19]

B REFERRE A DL N EEMEAES (D BEE
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SR B 2 B 5 B 8a~8c Iy EI4E R, Hrp, 4
hRIL RIS N = A E o g R B AT S ARE S B S
BB L A, BT 8g~8i FI WL, ASCEIVERE NS AL
HOIL I BRME LR I RE B, R SEEL T R R A
5 8 AL o I T 2 Ak B 5 R TT DAAE SR B TE A N I8
BN, ST IR E KRB TR R ST N
HREARLEIENELZES (D 3 R0 B8R AR,
Ry BIRGE 7r BI B R FIN A AE . 9 R R — &I
ARSI LR, FHARAHE A X 3808 30, 30 51 2K P
FERNAE AR o A SCEL VR AT T AL B R e G, B
%&f%ﬁmwﬁmfﬁﬁ¢ W REEE R R, &

R A LR IR S S, B SR R, 2
@xzﬁ&ﬁégﬁ AR PRGN Atk B €8 5 1) 43

o
He

a. DTSMZy #1454t
a. Segmentation result I by DTSM

b. DTSMZ%# &5 411
b. Segmentation result II by DTSM

¢. DTSMZ3 45 111
c. Segmentation result III by DTSM

d. RS BIL A 25

d. Segmentation line detection I

e. ) FI LA I 45 JL 1T
e. Segmentation line detection II

£, By | A Wl 45 L1
f. Segmentation line detection II1

g WA IR
g. Final segmentation result I

Ee LI AR EAE S, REES, ERES 3 AR RRES%R.

h. f 20y AR
h. Final segmentation result I

i oy B4 R
i. Final segmentation result 111

Note: I. II. III levels indicate pigs region which is connected but not overlapped, slightly overlapped, heavily overlapped, respectively.

B8 RRFAEEAGEENSHLR

Fig.8 Segmentation results of images with different spatial distribution of group-housed pigs

2.3 BREMESERSH

AEEE B SRS SCER191 5055 60 i
EUR R B RS R 2 Fon. TERLSHERIZ 7T, A3
FLEAN B AR RIEZENA B, W T SCER[19] 503,
KRR e R A S, 8B T 98.33%, REMETEAL
HE2EHERS (D KGR, SAEmRERABNNE, P
¥JiRZ (CME) 4 0.58, tr#E% (RMSE) 4 0.89. £
I3 RRERT 7 T, SCER[19]5VA AL SUFERT  0.089 s, AbH
R, AR, 8 039s, HRFERTHHES
FRREIEM 9.6 5o Z5A LA s i R AP 33 RURERT,
WY RS PIE =N A e e

Forpr, 3B AR RIRAE AL B 2 FUBRRERE U, R

R A E R 8, AEEES (1D BT, 2%
R ZRENFNEX L E 5 e, AT HER, &
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HHRA, R m%xmmnm% AKILAES K
VAR RS, KR 25 AT e 7 FPE 2R T ARRHAE &R AT 1
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TR, B 5 TAEBFRIEA N o

B R R 2 A IR B R R R, KA
PG H R A a2 DX 3 0% 40 1 28 100% IERf B2 H K
A RESLPLIER A S AR SCHEIEST 60 MG Y 30 Wik
BT IR A ARG TR R, 5 R AR
Y SERTPEELR AN &, R AR SO AL 3 43 B 22 i 2 1
1%, GEit ANEAL R IR SR PO EE, fe
PR EMRFEEBE. T PHATRERSMEZ ST
FIBE, S A SCER AL s R B — P BT

R2 FEBEZHERAERSE
Table 2 Result of pig counting based on different method
ik

: CME RMSE ACT/s CA/%

Algorithm

E NS AP
Method in this paper 0-58 0-89 0.39 98.33

S E I RES

Separation points location 1.21 1.49 9.60 109.34

method®!
SCRR[1915872: 4.20 434 0.089 67.69

Method of literature[19]
7¥: CME. RMSE. ACT. CA 7}l#R-PHiRZE. bRz, P8 U
B AR
Note: CME is counting mean error. RMSE is root mean square error. ACT is
average counting time. CA is counting accuary.

3 & i

AL HE T P SR AR B 43 B SR A bR R AR R 1 43K
Wy BB, R T I TIL U IR BB IR B
GBI, ST T R AR UG IR R S5t 40 FI R0 3 4 A 1)
. FELWRIR:

1) PR 23 B SR R 70 R 2= (1 S 2k A 5
AR EGAT B SO B, AR BIUSORL T
Otsu~ Fe KN IE 557 F %

2) S TAE SE R AR 7R BRI T SR AR B A0 4 A A
1B, BT b FE 2R B 0 B 7 VR R o B Rk B
T 89.4%, BUFHLARER T RIIACES, SEL T B AR
RFa#.

3) ARILTTES Ay ESAE R SCRR[19]5VE A Ak
TN LRI, AR SCRE P 5 i RERT 0.39 s Lhar S S8 &R
RPHRERT 4% T 9.21 s, #5 FHIRZEN 0.58, HLOCHR
[1918/N T 3.62, ZithERERAE. XT 6 min W% EUE )l
FEG T RN, 1ZSVERENS Sells R B sh i T .

HTEBEAAESE. HESEME, FIAmRCEH T
43 7K BLIF AT BT S PRI, AP AR AR AR AE AR e N ]
—HERRIEDL, SERSE, RoEIRE . FXTLLE
TEOL, A R AR AR, G SR AL
SRR IR S BT, DI ARSC R, Dt
A AR R RN G E Bh A AU A
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Group-housed pigs image segmentation method by recognizing
watershed ridge lines on boundary

Han Shuging’, Zhang Jianhua', Kong Fantao’, Zhang Tengfei’, Wu Hailing?, Shan Jiajia®, Wu Jianzhai'*
(1. Agricultural Information Institute of Chinese Academy of Agricultural Sciences/Key Laboratory of Agricultural Big Data,
Ministry of Agriculture and Rural Affairs, Beijing 100081, China; 2.Chengdu Ruixu Electronic Technology Co.,Ltd., Shanghai
201899, China; 3. School of Food and Environment, Dalian University of Technology, Panjin 124221, China)

Abstract: With increasing awareness and strict regulation of environmental protection, swine production management is
becoming more and more intensified. The development of large-scale farming has brought new challenges to breeding
managers. Manual pig counting and recognition of pigs’ abnormal behaviors are becoming difficult in larger-scale farm.
Automatic counting and pig behavior recognition can save manpower and greatly improve management efficiency. Image
segmentation and splitting of touching pigs is the key to realize automatic counting and behavior recognition in group-housed
pigs. In this study, the methods of pig image segmentation based on decision trees and splitting of touching pigs by
recognizing watershed ridge lines on the boundary were proposed. The experiments were carried out in a commercial pig
breeding farm belongs to one partner of Chengdu Ruixu Electronic Technology Co. Ltd.. A Hikvision camera was set above a
pen at the height of 3 m relative to the ground. Six min video of group-housed pigs was recorded on August 16th, 2018. Frame
rate was 25 frame/s. Image frames extracted from the video were processed in a computer (configured with Intel Core 17-4790
CPU (central processing unit), 3.6 GHz) with Matlab R2017a. The image processing mainly included foreground pigs
segmentation and splitting of touching pigs. The foreground pigs were segmented by using Decision-Tree-based Segmentation
Model (DTSM). After foreground pigs segmentation, the images were used for splitting of touching pigs. Firstly, touching
pigs’ connected regions were extracted by evaluating the complexity of each connected region. Secondly, the candidates of
segmentation lines were detected by marker-controlled watershed segmentation. Thirdly, segmentation lines were determined
by their segmentation performance and shape descriptors, including linearity and total number of Harris corners. Finally,
selected segmentation lines were used to split the touching pigs and automatic counting was conducted. To evaluate the
segmentation performance of DTSM, the segmentation results of DTSM were compared with the results of Otsu and
Maximum entropy methods. Twenty five image frames with touching pigs were analyzed to evaluate the performance of
segmentation lines recognition. To evaluate the performance of automatic counting, 60 image frames extracted from the video
in a 6 s time interval were processed. The result of foreground pigs segmentation indicated that DTSM could remove the
complex background effectively and achieved better segmentation performance than Otsu and Maximum entropy methods.
The segmentation accuracy (SR) of watershed ridge lines recognition was 89.4%. The contours of separated touching pigs
were well saved. The segmentation missing rate (SMR) was 30%, Because pig bodies were heavily overlapped by others in
three image frames, this made the recognition of segmentation lines become difficult. SMR was 5.3% if the three image frames
were removed from the total 25 images frames used for the recognition of segmentation lines. Location and distribution in pens
of group-housed pigs can be obtained by calculating the centroid of connected area and Delaunay triangulation method.
Counting mean error (CME) was 0.58, root mean square error (RMSE) was 0.89, average counting time (ACT) was 0.39 s and
counting accuracy (CA) was 98.33%. The results showed that this method could be used to automatically count the total
number of pigs in pens which was valuable information for breeders and managers in large-scale farming. By locating an
individual pig in a pen continuously, trajectory can be plotted and its behaviors can be recognized. This study provides a new
method to realize automatic counting and behavior recognition in group-housed pigs.

Keywords: image processing; livestock production; automatic counting; decision trees; recognition of segmentation ridge line;
group-housed pigs



