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Abstract

The term activity index refers to a measure of the activity level of pig herds that has been applied as an assessment
tool in pig farming practice. The index has become an indicator of pig’s health, physical growth, behavior control, and
quality of living conditions. In large-scale pig farms, however, manual observation of pig activity is impractical due to
huge resource and potentially inconsistent recording results. Thus, our study aims to explore the automatic monitoring of
pig activity level by predicting the near feature activity index. We calculated the activity indexes by utilizing
background subtraction techniques from video frames. Further, we also harnessed other farming attributes including
biological characteristics and the occurrence of exogenous events. Our analysis uncovers the relationship between activity
index and these farming attributes, and pinpoints several attributes that influence the change in activity index.

Keywords
pig welfare, smart farming, activity index prediction, backeround subtraction, video analysis
* KAIST tl|o]EJALo] A ~ofskd - Received: Feb. 15, 2024, Revised: Mar. 19, 2024, Accepted: Mar. 22, 2024
- ORCID'": https://orcid.org/0000-0002-9635-3868 + Corresponding Author: Munyong Yi
- ORCID?: https://orcid.org/0000-0002-8434-6206 Dept. of Industrial and Systems Engineering, KAIST, 291, Dachak-ro,
- ORCID®: https://orcid.org/0000-0002-6134-5294 Yuseong-gu, Daejeon, Korea
- ORCID*: https://orcid.org/0009-0000-1019-1988 Tel.: +82-42-350-1613, Email: munyi@kaist.ac.kr

- ORCID’: https://orcid.org/0009-0007-3840-9775
# KAIST 2HYRA| 28l F8H 3} (Al A 2
- ORCID: https://orcid.org/0000-0003-1784-8983


https://crossmark.crossref.org/dialog/?doi=10.14801/jkiit.2024.22.4.121&domain=http://ki-it.com/&uri_scheme=http:&cm_version=v1.5

.M 2 [14]. =& &5 AFe mg 571 T 78S
AARE 4 ATH13]. HAE &7 Ml tf-3-3he]
o] Al&st uhAT AA AAe] kAl A Higo) A9 &5 9 &5 AR $As] wiE
Bog AHASS okyFel dF Iy 1EA 5 Age AL 248 BAE 5 JTHI5).
b A EFS FHEE T dE d4s 9l 2 2 ATE EUHITOEA 79 T=
t1][2]. 2FAoE, 1FA W& MFdE LH] A ZAAEE 2710 AR A7 Be 2Ed
AE9] XNFE F=317] &) AR w2 Ha} 2 BAE AEsta A% 2AE HY 4 Aok
b Ju3] ER, A% A AY = FA FHES AFHCE &5 AFE FeHorE B
e AHIAFES] Qo] EolxwA wEAY & UHHste 7159 di3 A4S Hrista 374,
Hog ¥5H =5 g FUt Sksta o Y 7lE e 98 A8E 2431617 12
[4]. o]l tlg3le], AHASL o3t A Zg U % RS 7 o SR & pE 2y
Ve A8 o7} drks ol MAHT4) of  EHFL oY Fa AmE w7 49
H3 F92 2F31 2uAEY J|tho] 3381 [16][18]. =3 sF=< T=of LTS B -
e, HA 9 BAe} WS oM G Bx] 24l A& BEAT o] Fke ARtuit O 4 Tk
o 9 B B8 ¥45 d¥ste Aol A%d [19]. "RRHAZ, 7Het 5359 5 B7tE F
Bz A9 #YL AEstozH oy AL HARl #Ho] S & dom, Aye fs HE
Ao Akl 4RE FAFoEH 5 FH A Aol Basi(ld]. AFHOoR £ BHS
=5 ARl 714 = SlTs)[e]. FFlA A AHAQ A YL 7uke] A BE YA R
o EXE 3§ HR9 AAE, T A% 1dn AME Hgo] wol £, Algte] HWol AQHM,
ne 79 #Eo] 9o A7) =5 B 5 Hefzoln, daA oz EyM53T20). 23
o PP B WIS 4L Yol BAH oy U FAW] AN oIF AW HEEAR ¥3
& 7T itk old@ ool AT 584 ke S tE WHE WEo] ®Wol S1 A
o] Z7tste Aol EFHHATHS]. At THEE ) Atgrol ASlete AV EAET21][22]. WA
AEe ¢ & Yy, o wy APy, A GYas FHA A = BAE FAG] 98 o &
NzoZ FLA0Z A3y wjEo] B HA &21Q1 o] dasitt
3 Alg GEeAY R ool £ ks AL olw|A] e 7|&o] Mg wat, = A
UERATHYL. T3 B2 249 oo 4298 4 & Aol EAbell H]letA ¥k AR 37
ARORE ojojx dE Y9 AARNE 79T 7] A e A7 FRAHAT FxHoRE
T AtHe). olES HES 1T ), UL 71E A 2 W #Y I HolHE AHgste &5
9] AlF F4(Weight-centered)®] = H4joll4 B AFE AAse ot o]d AFES &FE A
oy EA FA)(Weflare-centered)®] H- W& o8 A 7)uke Sug=S AL 9

&3floF & FaAo] wolHH.

H28 BAE Hrtslr] Hsl EF A (Activity Hhe SAs zE
index)= 117, AA 4%, A5 9@ o A3 A S AREETH23]-30]. HIole "ol Tt
g A3 el F83 A% F sholtt = w2} 8¢5 7)uke] WS AMgStd EF ASE A
A &5 A wske g4ed 22 4% A, & Aate AF7F FEHAT [14]31]. dE S04, [14]
Efx 8, J93 3440 g5 22 TAE 2 FAHF 24" ZE(CNN, Convolution Neural
vebd 4 do{io)[i1]. =AY &5 Age =13 Network) & AHg-3te] o] &A1& 33, A7

ne 2718 AAse 7MY w9 2% F shuE 719 ZE(LSTM, Long Short-Term Memory Network)
AT 12][13]. ol= HEFAQ 4 SEAA B = AHESE o] HrE Adkste BF AFE 1
Z 2717F HAY] B A% 2AR A3t EHY oY RS 54



Journal of KIIT. Vol. 22, No. 4, pp. 121-138, Apr. 30, 2024. pISSN 1598-8619, eISSN 2093-7571 123

e d7ES 9% PAE AL BE A2 @
A48 AHesl FAW, TF Age) 43 A
oY 83 ATHA Askth B e

w0
o
i
2
HU
rot
i)

2 o= gy

U}Tﬁlﬂ El

3} E;d—Eﬂ ] Zﬂ?‘)“ﬂ":}.

==

JE
Ny
e
rulm
l:o
£l
o
N
e
By
2

g9 ve) &5 422 BUHLSL S5
YT P SAal, WA A BF S
2 ANSE 1E PES GAB ol 94
8% 2o JFL 13

=
zARte] 1 F24% 9%S

2.1 Hxlo] #F X2 S8

(o]
= g
ok

L
oft ol
=2
oL

HE Q7] ZAE A Y v= Y
HIEol A& At 502 Hrtehr] Asf 5=
g5 AAE AMgste Aot dF E9, [10]
7ad Aol =HA AAH &F mAE F
& AR 29 A Z5 ATt 71EA el ]
& Zaste As HAY v E, (148 &
Eg2 fdo] HAY gFl mAs dFe 24
dto], CRF 7o & 54 5 9 Akl &5
2 Fx #Ad P =Y A& Azke] F78)
= e 2AgY 18y o3 d7EL 7HA
A= TEYS AR, F5HJA At o
ke AV ds F AT

9 ZAE djdsty] el o]F AFES FEY
5 ATE et 53] A BYs Fi 34
& T dee BoFith 53], d5d zZdd 3t
of I W3lE At BF A4S EEdhs A
o|th33]. o] WL HA FFE EFsk= vl A
olA QIZte] #AF H& YA HATHI6[24]
ol HA Y A e WS FARHL &5 A
TE ZAske dd 83 FEYS AFTI23]
3 QAR £ 7es AHEsl HAE 7
A desta 54 %2 FoolM HAe 5 -
< &3t dloll AFHEATH34][35]

+49e BEUHP] A% o EdE e
38 E5(Optical flow) &40|th 38 55 £42
A% vt mele) kel HA 7 AolE Ble)
o £219)o] Wk £5o gk AAF ARE A
T3] 2712 WA =AY BAE A3
#5585 BHE 43 B9 242 B
o 25¢ 949 Wt 38 dEE 449 2E
daEadoz Qugse ATE uWE oA
(SVM, Support Vector Machine)s &-&3fe] &2
< AP E & FE5Z vk A7<I[BR61 of

Zeoh B4 @9 wholeizo] d® A9 ol

AA AHE 3 S ALl SVME 243\

Wi Fgo] UEhb] Aol 25 HHe W8S 4

o= 2] An A2HE TEIAT,

589 3742 W5E $502 A ¢4
571

o3 o2 ey wiyo] AHeE



(a) (b)
a2 1. ol io[E{A oA (a) =HX|S] Z{A|
Hi2EEtAalt dF 2olZ (b) olo|X|e| Zlo| #t
Fig. 1. Examples of Edinburg dataset
(@) Pig object-specific bounding box and behavior label for
the pig (o) Depth maps in the image
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Table 1. Description of main variales used in the
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Variable Description

Previous hour AidX’ | Aidx at one hour before®®
Previous day Aidx Aidx at one day before®®

Age Timepoint (day) of observation?
Occupation Index Mean area of bounding box°®

# of eating activty in an hour®®

Eating (256)
. # of drmkmg activity in an
Drinking hour?® (2.59) .
. # of lying activity in an hour®
Lying s

entering pen for cleaning®
entering pen for miscellany®
plaything provision like °
Provision straw for warmth,
exploratory behavior, etc.°

Cleaning operation
Rand. intervention

Plaything supply
Straw supply

Food refill Occasional food replenishment®
Pen access pigs exiting and entering pen®
Morning 9 Time from 9:00 to 10:00°
Morning 10 Time from 10:00 to 11:00°
Morning 11 Time from 11:00 to 12:00°
Noon 12 Time from 12:00 to 13:00°
Afternoon 13 Time from 13:00 to 14:00°
Afternoon 14 Time from 14:00 to 15:00°
Afternoon 15 Time from 15:00 to 16:00°
Afternoon 16 Time from 16:00 to 17:00°
Afternoon 17 Time from 17:00 to 18:00°
Afternoon 18 Time from 18:00 to 19:00°
Afternoon 19 Time from 19:00 to 20:00°
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Table 2. Parameter for the likelihood of change in activity
index, The linear regression model presents 12 significant
farming attributes affecting the probability of fluctuation in
pig activity index

Variable Coefficient | Regression val
Previous hour Aidx B 0.2169+
Previous day Aidx B, 0.1338+
Age B -0.0001
QOccupation index B4 -0.0001
Eating Bs -0.0015+
Drinking B 0.0001
Lying B; -0.0001
Cleaning operation Bs 0.4286+*
Rand. intervention By 0.5172xxx
Plaything supply B 0.6570x++
Straw supply B 0.5256%x
Food refil B2 0.3458+
Pen access B3 0.0760
Moming 9 B4 0.0401
Moming 10 Bis 0.0653
Morning 11 Bis -0.0120
Noon 12 Bz 0.0808
Afternoon 13 Bis -0.0995
Afternoon 14 Big —-0.0471
Afternoon 15 Bay -0.0470
Afternoon 16 By -0.2746++
Afternoon 17 By -0.2715+
Afternoon 18 Bos -0.3037+*
Afternoon 19 By —0.2972x+
R 0.6390
F-static 12.39
Adjusted R? 0.5874
p-value 2x107'6
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Fig. 5. Graph of the actual value (yellow) and predicted
value (green) of the activity index using a random forest,
The vertical line (cream) is December 9th, based on the
split between training and test data
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Table 3. Prediction results from machine learning methods
(LR means Linear Regression, SVR means support vector
regressor, XGB means XGBoost, RF means random
forest)

Train Test
R? MAPE R? MAPE

Machine

LR 0.648 0.548 0649 0416

SVR 0.621 0474 0640 0.311
XGB 0.792 0448 0.730 0.306

RF 0.877 0.312 0.714 0.300
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Table 4. High error sample lists (1 : with exogenous events, 0 without exogenous events)
Actual Predicted Cleaning Straw Food Plaything Pen Rand.
Date . . Error . . .
aidx aidx operation supply refill supply access intervent
11/07 11:00 1570 1.270 0.303 1 1 0 0 0 0
11/08 14:00 1.240 0.937 0.308 0 0 0 0 0 1
11/29 13:00 2.000 1.380 0.622 0 1 0 1 0 1
12/05 08:00 1.360 1.060 0.297 0 0 1 0 0 1
12/10 08:00 1.310 0.958 0.355 1 0 1 1 0 0
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