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Abstract ICT convergence using smart livestock is that in the first-generation dairy smart farm model,
each device made by several manufacturers uses its own communication method, limiting the mutual
operation of each device. This study uses a model based on open control technology to secure
interoperability of existing ICT devices and to manage data efficiently. The open integrated control
derived from this process is the software interface structure of Open APIL It is an observer that serves
as real-time data collection according to the communication method of ICT devices and sensors located
at each end. It consists of a broker that connects and transmits to the upper integrated management
server. As a result of the performance analysis through verification of two first-generation dairy smart
farm model sites, the average daily milk production increased compared to the previous year (farm A
5.13%, farm B 1.33%, p<0.05). Cow days open (DO) was reduced by 17.5% on farm A and 13.3% for farm
B(p{0.05). Cows require an adaptation period after the introduction of the ICT device, but if continuous
effects are observed, the effect of production can be expected to increase gradually.
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Table 1. Information of empirical farms
Item Farm A Farm B
Farm scale, m* 3,150 4,600
Total number of cow, head 230 158
Lactating cow, head 110 63
Dry cow, head 20 9
Milking System Tandem Herringbone
Monthly milk yield, ton 3.4 2.5
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Fig. 1. Comparison of milk yield of empirical farms
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Table 2. Comparison of milk quality of empirical
farms
2018 2019
Item
A B A B
Fat,% 41%02 42+02 41%02 42+02
Protein, % 3.4+0.1 3.5+0.1 33+0.1 3.610.1
BCl,10° 56+1.1 6344  59+27  51:03
SCC310° 1482+ 303 1804+ 5931569+ 20.1167.3+ 21.1
Grade Level 1, A level 1, A Level 1, A Level 1, A

'Bacteria count *Somatic cell count
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Table 3. Trend status of days open in empirical farms

2016 2017 2018 2019

Year/
Farm

A B A B A B A B

DO' 1632 1889 173.3 162.8 158.1 187.4 1305 1619

YYID? - - 10 -261 -152 246 -27.6 -25.5
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Days open “Year-on year increase and decrease

2.3.1 B S7fQ| At
% 158F ASTEE
ATEE Al(20199 12€
Ho| 57| 7HA] B, s8]
719t Sl 71 & AL AAD7A| 9
AE A S v wd 4%, 20199 57|

ot

=

=
7+ Zoto] YFgake HH 69,077.9 kg, £ 414,467.6
kgo2 2018¥x9 HAF 65601.1 kg T

393,606.3 kg ¥l 5.3% 7Fg S71et A& e
gt A W wE 95k, AlREeR ICT +4
A0l =dE A1H(20199 9¢€~2020 1), H]
X77H2018'E 99~20199 19)9] A7 44 3
&+ 79.83%F, 76.83F% RAME U

S5 B AES ARE o)g3lel £ B A
e APISIEE 1CT A% £9 ¥ 86531 ke(5FF &

Bt A 28.21kg) 2 AFEHoO], =9 A FITH
59 B+ A 853.85kg(Fd LWt AMREF 27.84
ke) g¥] 9F 1.33 % FAE a9E HQl Aog Yk
thFig.1). 94 A 549 39, AA| AR o]F 5.13%2]
A S7F a3 BEE G, 249 B9 ICT %
A £ o]% &g 7]7to] @ EE whE o]% x]&ZF9l
IS T A9, AR Bt A SO Ao
271 & 5 Sl

FAE B4 23E B 71 A e Eid
A2RE ATE AT 20189 19RH AT F
2 A(20209 1Y€ A7)7ER 9] Wt GRS 4.2%
FHHE2 3.5%, Aldse 574 ok, AME =
178.94 7I= UehgthTable 2). 144 Y5 AntER
ICT 4 ZA|E0] BAH o= HA)=]7] Akt 20199
SYRE AF 7 A(20199 12¥, 1€9] AL, G7F
4 wfjEHo] G| 741 Bag)7kx 9] |A%E,



/\
g =9

ARAL &S A) A219 A3, 2020

e Alet &, AN £ HiSE AWEH HA fAY
€9 A9 4.2%= 201849 5Y 7|71 4.3%<} vl
sto] foJgt WSk Ho|x] o= AoZ uEpygth
(p<0.05). FFEHE EIF 3.60%Z 2018E U717
3.67% vluste] fojgt WPt BEEHA ggron
(p<0.05), Al 5291 A%, 5.14 w2 201849 L7
7to] 7.27 ueE] ofH] 2 202 AT A= UEhd
o} J=u, 201849 11€¥ oY) &4 Al Al 71 4
AFoR 25 HvlE|R F53 AR UsyEd o
A3t 4 14 F9 i%‘ﬂﬂfﬂl gk o 57t gelx
A| gkol, o]& oA R 71t ALt He Bt Alet
S 5% v £F08 {OJ3F Wit TEER] Ykt
AME o] AL 1673 A=Z, 20189 FL7IZHY
170.4 7§ oH] <F 1.82% 74T Ao Z e

1A U A0fER [CT 34 AA|So] E43o0=z
AA 7] AZSE 20199 8EREH AT F= A7IAY
HyA 4 71& 153 £982 v|wshd 201899 4
£ 100%, 2019¢19] 3% A4 1871%F 171°] 265°=
B250] 94.4%E A=A

FTH LS W3k 2019959 B¢ AWk ofH] 25.5
A, oF 13.6% 7159 THYS A 5IE Bl Ao=R

AEEI, AR SN =Y olF A&H AL
3} B Fol B Bl AAE A% HeE WA
OF R & Yo WA, LIl Hii o]
et A w2 A ol oS- 94t S0 et
e
3. 48

AT 14 s LvtEwe] DSl JriER
S8 Y, RAE B4 W B 2 35 5 7
& 59 FHA ANe F 5749 24 5o S0
o Zlojste 2e UFATE o AT 4 Aok =
25 dojeloly FitoR apele] o] 7uhe
2ok S04 FgHot, B FUsH 15
2 3] SelAE F350) et BHAS St e g

20| F7)7} they] o] AT Aok B4 9
3lo] 7}&=0] A F7)50to] "dolg] &4 4 4=Zo] A
7% =ofoF & Aot E3t FAkEorol A =L 9=
oAl tiFe] HlolE E3& Astr] 13t 7l=vtd
ol WashH, ARLE FALICT A thfsta A& ot
2 71%9] 9] 5% U2 9L AoiE B8 7HsaiA o

184

W, B 5 owA 55 15 Fele] manidol
"g—g—c}_ ohee] E]' ‘:‘izﬂ otg 1}""]_41 /\U]'E”J— J—Eﬂ—g

UEj o] 2o i3t A ] }%WQ"‘O‘% H—!Eﬂol"ﬂ 7]”&
9] 2*1]4 AvER AT AGS fIste] HlolE o +f

2 9 Spalo] dist B2 A 2 B AA Y Zo
S HOP gAmto] Algsitt. =3t A3 At o
dlolej7F HAlQl 24 o] glojg] 82t /S &
3 Y5 AutERO] 234K E Fet 7|k 2Ao] AlF T
Zolgtal A Aske wtolcth.

References

[1] M. S. Dawkins, “Animal welfare and efficient farming:
is conflict inevitable”, Animal Production Science,
Vol.57, No.2, pp.201-208, 2017.
DOIL:http://dx.doi.org/10.1071/AN15383

T. NATORI, N.ARIYAMA, S. TSUICHIHARA, H.
TAKEMURA, N. AIKAWA, “Study of Activity Collecting
System for Grazing Cattle”, 34" International
Technical Conference on Circuits/Systems, Computers
and Communications (ITC-CSCC), pp.1-4, 2019.
DOIL:https://doi.org/10.1109/ITC-CSCC.2019.8793451

M. R. Borchers, Y. M. Chang, K. L. Proudfoot, B. A.
Wadsworth, A, E.  Stone, J. M. Bewley,
“Machine-learning-based calving prediction from
activity, lying, and ruminating behaviors in dairy
cattle”, Journal of Dairy Science, Vol.100, pp.5664-
5674, 2017.
DOI:https://doi.org/10.3168/ids.2016-11526

Y. Chung, J. Lee, S. Oh, D. Park, H. Chang, and S. Kim,
“Automatic detection of cow's oestrus in audio
surveillance system”, Asian-Australasian Journal of
Animal Sciences, Vol.26, No.7, pp.1030-1037, 2013.
DOL:http://dx.doi.org/10.5713/ajas.2012.12628

Y. Qiao, M. Truman, S, Sukkarieh, Cattle
segmentation and contour extraction based on Mask
R-CNN for precision livestock farming”, Computers
and Electronics in Agriculture, Vol. 165, pp.104958,
2019.
DOL:https://doi.org/10.1016/i.compag.2019.104958

P. Astuti, C.M. Airin, S. Widiyanto, N. Prayogo, K.
Triyana, “Determination of estrus phase in cattle
using electronic nose”, In 2018 1% International
Conference on Bioinformatics, Biotechnology, and
Biomedical Engineering Bioinformatics and
Biomedical Engineering, Vol, 1. pp.1-4, 2018.
DOI:https://doi.org/10.1109/BIOMIC.2018.8610570

S. Fournel, A. N. Rousseau, B. Laberge, “ Rethinking
environment control strategy of confined animal
housing systems through precision livestock farming”,



(8]

(9]

[10]

(11]

(12]

(13]

[14]

(15]

(16]

J. T. Paiva, M. G. C. D. Peixoto, F. A. T. Bruneli,

A Aol 14 U5 AviEge] 1ES vd Hg 24
Biosystems Engineering, Vol.155, pp.96-123, 2017.
DOIhttps://doi.org/10.1016/j.biosystemseng.2016.12.005 _
¥ 7t H(Yang Kayoung) [Hsl2]

M. Choi, "A Study on the Efficient Implementation
Method of Cloud-based Smart Farm Control System."
Journal of Digital Convergence Vol.18, No.3,
pp.171-177, 2020.
DOLI:https://doi.org/10.14400/]DC.2020.18.3.171

NIAS,“Enhancement and validation of first-generation
dairy smart farm model based on open integration
system,” Rural development Administration, Korea,
pp.10-79, 2020.

B. S. Ahn, K.S. Kie, K.H. Suh, T.Y. Hur, J.M Yeo, H.J.
Lee, B.S. Jeon, S.B. Park, H.S. Kim, “The effects on
somatic cell score and milk components by days in
milk in holstein dairy cows’, Journal of Animal
Science and Technology, Vol.46, No.6, pp.925-936.
2004.
DOLhttp://dx.doi.org/10.5187/]AST.2004.46.6.92

K.E. Dittmer, K.G. Thompson, “Vitamin D metabolism
and rickets n domestic animals; a review”, Veterinary
Pathology, Vol.48, No.2, pp 389-407, 2011.
DOTI:https://doi.org/10.1177/0300985810375240

Y.]J. Kim, S.H. Wee, H.C. Yoon, E.J. Heo, H.J. Park, J.H.
Kim, “Comparison of an automated
most-probable-number technique TEMPO®TVC with
traditional plating methods petrifilmtm for estimating
populations of total aerobic bacteria with livestock
products”, Journal of food hygiene and safety Vol.27,
No.1, pp.103-107, 2012.
DOI:http://dx.doi.org/10.13103/]FHS.2012.27.1.103

P. Saowaphak, M. Duangiinda, S. Plaengkaeo, R.
Suwannasing, W. Boonkum, ‘Genetic correlation and
genome-wide association study (GWAS) of the length
of productive life, days open, and 305-days milk yield
in crossbred Holstein dairy cattle”, Genetics and
Molecular Research, Vol.16, No.2, 2017.
DOI:https://doi.org/10.4238/gmr16029091

A. R. Fernandes, L. E. Faro, A. E. Vercesi Filho,
Machado, C. H. C. Barbero, L. M., Bittar, E. R., Igarasi,
M. S., “Genetic evolution of milk vyield, udder
morphology and behavior in Gir dairy cattle”, Revista
Brasileira de Zootecnia, Vol.48, No.2, 2019.
DOLI:https://doi.org/10.1590/rbz4820180056

K. Martikainen, A. Sironen, P. Uimari, “Estimation of
intrachromosomal inbreeding depression on female
fertility using runs of homozygosity in Finnish
Ayrshire cattle”, Journal of dairy science, Vol.101,
No.12, pp.11097-11107, 2018.

DOI: https://doi.org/10.3168/ids.2018-14805

A.
B. Alvarenga, H. R. Oliveira, A. A. Silva, P. S. Lopes,
“Genetic parameters, genome-wide association and
gene networks for milk and reproductive traits in
Guzera cattle”, Livestock Science, Vol. 242,
pp.1014273, 2020.

DOI: https://doi.org/10.1016/j.livsci.2020.104273

185

+ 201249 29 AYdgw SEA
st (53HAAD

- 20164 89 : ZURST Z4te}
SEAAEHS} (BN
© 201749 29 ~ A . 225X
S AT
}\]\:lob
%5511, TEDS, LA
A 4 M(Kyeong-Seok Kwon) (&3]
+ 20109 8¢ : Aeujsty x|YA|

23 (FSAAD
20164 89 1 ALThsti XA
2B (FSA

.

201749 29 ~ A : H==225H
SYSAEY A
@HlEoh
ARy, Hi718, JAkA oSt
Z = Z(Jung Kon Kim) (=59

+ 20079 29 A HEA
AAetaHE A n| Y ES] 3L
HEAT)

*2008. 10~2009. 10: lowa State
Universty (Post-doc.)

*2009. 11~2012. 12: &

R ] (Post-doc.)
XA ST A

ik

+ 201349 1€ ~
A3 59 474

A -

@ Rop)
&A1), Blo] 2oy



SHEARSH | &8H8]| =2 2] A218 Al11E, 2020

2 = 2(Jong Bok Kim) [(Halg]

+ 200649 9€¥ : UCLA Electrical
Eng.(Z84Ah

+ 20069 10¥ ~ 2018¢ 1¥ :
LGo|kd AAAT

+ 201849 2¥ ~ @4 : 52T
TS A7

o

(TP
S4F AutER Gle5E ICT

% = 3lDong Hwa Jang) [Hslg]

+ 2020¢ 2€ : AEAsY 597
Asstt (F5HAD

£ 20209 1€ ~ A : 5&18H
TS AR EE AR
AT
(FHEop
4T AntER, AT
1 0] oi(Ko Miae) [H3lg

>
o

* 20059 29 @ AEHehr d
St (FEHEAD

20059 29 ~ 20159 129 :
FIAAIAE

20164 1€ ~ @A : SAAUE
T Al2" AR Yol

HAER
2HtER AAFAEA, 3DHIA, A3A

ol

186



