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COW_CODE_RECORD

COW_BODYWEIGHT

FARM_NO: VARCHAR2(7) (FK)
COW_CODE: VARCHARZ2(16) (FK)
BODYWEIGHT_YMD: DATETIME

BODYWEIGHT: INT

FARM_NO: VARCHAR2(7) (FK)
COW_CODE: VARCHAR2(16)
ADDR_GUBUN: VARCHAR2(50) >
EVENT: VARCHAR2(2)

EVENT_DATE: VARCHAR2(10)
COW_MOTHER_CODE: VARCHAR2(10)

COW_TREATMENT

FARM_NO: VARCHAR2(7) (FK)
COW_CODE: VARCHAR2(16) (FK)
TREATMENT_DATE: DATETIME

TREATMENT_REASON: VARCHAR2(100)
TREATMENT_PRESCRIBE: VARGHARZ(100)
MILKING_STOP_DATE: DATETIME

COW_LACTATION

2 MILKING_RESTART_DATE: DATETIME
FARM_MAPPING
= FARM_NO. VARCHAR2(7) (FK) MILKING_STOP_DAVS:INT
FARM_NO: VARCHAR2(7) COW_CODE: VARCHAR2(16) (FK)
KDC_FARM_NO: VARCHARZ(7) LACNUMBERNT
KAPE_OLD_FARN_NO: VARCHARZ6) DRY_START DATE-DATETIE LOW DAY FEED
KAPE_NEW_FARM_NO: VARCHAR2(6) DRY_DAY: IN FARM_NO: VARCHAR2(7) (FK)
DCIC_FARM_NO: VARCHAR2(3) CALV\NG,DATE DATETIME COW_CODE: VARCHARZ2(16) (FK)
AIAK_FARM_NO: VARCHAR2(8) MILKING_START_DATE: DATETIME FEED_DATE DATETIME
FEED_KIND: VARCHAR2(20)
FEED_SET:INT

FEED_INTAKE: INT
FEED_REST: INT
WATER_INTAKE: INT

PRODUCT_INFO FARM_INFO COW_INFO

FARM_NO: VARCHAR2(7) (FK) s FARM_NO: VARCHAR2(7) (FK)
PRODUCT_SEQ INT b R COW_CODE: VARCHAR2(16)
FARM_NAME: VARCHAR2(20)

PRODUCT_CONPANY. VARCHARZ(3) OWNER_NAME VARCHAR2(20) USER_NUNBER VARCHARZHO)
PRODUCT_TYPE VARCHAR2(2) FARM_ADDRESS_POSTNO (VA’RCHARM) COW_N: Al
PRODUCT_CODE: VARCHAR2(10) FARM_ADDRESS1: VARCHAR2(50) COW_| RF}D VAWCHAWZ(‘IG}
PRODUCT_NAME VARCHAR2{20) N Aot s G

OWNER_ADDRESS_POSTNO: VARCHAR2(5)
OWNER_ADDRESST VARCHARZ(50)
OWNER_ADDRESS2 VARCHAR2(50)
MILK_COPERATE: VARCHAR2(10)

COOLER 10G MILK_COPERATE_STARTDATE INT

COW_INSEMINATION
L, FARM_NO: VARCHAR2(7) (FK)
COW_CODE VARCHAR2(16) (FK)
LAC_NUMBER: INT
FARM_NO: VARCHAR2(7) (FK) RENATOR NOVINT.
COW_CODE VARCEARUIG) (F) INSEMINATION_DATE: DATETIME

LAC_NUMBER: INT INSEMINATION_SEQ: INT
HEAT_DATE: DATETIME

SOFTWARE_VERSION: VARCHAR2(20)

| )
COW_FATHER CuDE VARCHARZ(IG)
COW_FATHER_NAI

FARM_NO: VARCHAR2(7) (FK) MILK_COPERATE_ENDDATE: INT
OLER DATE: Ryriztliay L QUOTA_PER_DAY: INT COW_MOTHER cone. VARCHARZ(TS) HEAT-DURATON.NUNBER{27) COW_DAY_PRODUCTION COW_MILKING_SESSION
COW_MOTHER_NAME: VARCHAR2(20) HEAT_EXPECT: NUMBER(5.1) = FARNL_NO: VARCHARZ(7) (FK)
COOLER_WEIGHT NUMBER(5.1) EXPECT_TIME: NUMBER(4,1) FARM_NO: VARCHAR2(?) (FK) g e L
COOLER_TEMPERATURE NUMBER(5,1) INSEMINATION_YN: VARCHAR2(1) |~ COW_CODE: VARCHAR2(16) (FK) (16) (FK)
PRODUCT_DATE: DATETIME ;F"L‘;R‘%C;E%ASLEND%E‘L‘;"E(W
BARN_ENVIRONMENT COW_BIOSENSOR X&gﬂfﬂﬁ;@gggil“ MILKING_START_TIME: NUMBER(.1)
FARM_NO. VARCHARZU (FK) FARM_NO: VARCHAR2(7) (FK) FAT-NUMBER(52) MILKING_END_TIME: NUMBER(S1)
GROUND_NO: | COW_CODE: VARCHAR2(16) (FK) PROTEIN: NUMBER(5.2) MILK VIELD: NUMBER(3.1)
GnouND,suE,No INT BIOSENSOR_DATE: DATETIVE LACTOSE NUMBER(5.2) EAT-NUMBER()
ENV_DATE DATETIVE SCC:INT PROTEIN: NUMBER(5.2)
| ACTIVITY:INT VILK_SPEED NUMBER(52) LACTOSE: NUMBER(5.2)
ENV_TEMPERATURE: NUMBER(7.2) RUMINATION: INT MILKINGS. INT SCCINT
ENV_HUMIDITY: NUMBER(7.2) MILKING. DURATION: INT FAT_SUM: NUMBER(10.2)
ENV_C02 NUMBER(7.2) PREMILKING DURATION AVG: INT PROTEIN_SUM: NUMBER(10.2)
ENV_WINDSPEED: NUMBER(7.2) Cow_eGROUP PREMILKING_DURATION_LF INT LACTOSE_SUM: NUMBER(102)
ENV_NH3: NUMBER(7.2) FARM_NO: VARCHAR2(7) (FK) PREMILKING DURATION_LR: INT SCC_SUM: NUMBER(10.2)
COW_CODE' VARCHARZ(16) (FK) PREMILKING_DURATION_RF:INT WEWEEDE&:%%E@@
GROUE NG INT EZEEEE‘TN‘SH%“ECQ?C{R“ INT PREMILKING_DURATION_AVG: INT
GROUP_NAME: VARCHAR2(20) CONDUCTIVITY LF INT PREMILKING_DURATION_LF: INT
CONDUCTIVITY LR INT PREMILKING_DURATION_LR: INT
CONDUCTIVITY RF INT PREMILKING_DURATION_RF: INT
CONDUCTIVITY_RR: INT zgi"étgwﬁa‘-‘i\/}\g'%{w Ll

CONDUCTIVITY_LF: INT
CONDUCTIVITY_LR: INT
CONDUGTIVITY_RF: INT
CONDUCTIVITY_RR: INT
COLORCODE_LF: VARCHAR2(20)
COLORCODE_LR: VARCHAR2(20)
COLORCODE_RF: VARCHAR2(20)
COLORCODE_RR: VARCHAR2(20)
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311 2018-12-19 2018-12-24  2018-12-12 0 NULL =i Intra musculair 50 cc 1 32000 Mastitis catarrhalis acuta (acute catarrhal mastitis)

311 20181219 2018-12-24  2018-12-13 0 NULL 24 Intra musculair 50 cc 1 32000 Mastitis catarrhalis acuta (acute catarrhal mastitis)

31 20181219 2018-12-24  2018-12-14 0 NULL zd Intra musculair 50 cc 1 32000 Mastitis catarrhalis acuta (acute catarrhal mastitis)

31 20181219 2018-12-24  2018-12-15 0 NULL =z Intra musculair 50 cc 1 32000 Mastitis catarrhalis acuta (acute catarrhal mastitis)

31 2018-12-19 2018-12-24  2018-12-16 0 NULL =z Intra musculair 50 cc ] 32:00.0 Mastitis catarrhalis acuta (acute catarrhal mastitis)

912 2020-02-20  2020-02-25  2020-02-15 0 NULL Hd Intra musculair 50 cc 1 57.000 Mastitis catarrhalis chronica (chronic catarrhal mastitis)
912 2020-02-20  2020-02-25  2020-02-16 0 NULL HE Intra musculair 50.cc i 57.00.0 Mastitis catarrhalis chronica {chronic catarrhal mastitis)
912 2020-02-20  2020-02-25  2020-02-17 0 NULL =24 Intra musculair 50 cc 1 57.00.0 Mastitis catarrhalis chronica {chronic catarrhal mastitis)
511 2020-02-28  2020-03-04  2020-02-23 0 NULL Fres] Intra musculair 50 cc 1 57.00.0 Mastitis catarrhalis chronica (chronic catarrhal mastitis)
511 2020-02-28  2020-03-04  2020-02-24 0 NULL 2y Intra musculair 50 cc 1 57:.00.0 Mastitis catarrhalis chronica (chronic catarrhal mastitis)
511 2020-02-28  2020-03-04  2020-02-25 0 NULL e Intra musculair 50 cc 1 57000 |Mastitis catarrhalis chronica (chronic catarrhal mastitis)
711 2020-06-26  2020-06-26  2020-05-06 1 2020-05-06 A =2t Intra mammair 10cc 1 55000LF  Drying-off

711 2020-06-26  2020-06-26  2020-05-06 1 2020-05-06 A =2t Intra mammair 10 cc 1 55000LR  Drying-off

711 2020-06-26  2020-06-26  2020-05-06 1 2020-05-06 A =2t Intra mammair 10 ec 1 55000 RF  Drying-off

711 2020-06-26  2020-06-26  2020-05-06 1 2020-05-06 AIZEHH Intra mammair 10¢cc 1 55000 RR  Drying-off

713 2020-06-26  2020-06-26  2020-05-06 1 2020-05-06 A=t Intra mammair 10 cc 1 56000 LF  Drying-off

713 2020-06-26  2020-06-26  2020-05-06 1 2020-05-06 A =2t Intra mammair 10 cc 1 56000 LR Drying-off

713 2020-06-26  2020-06-26  2020-05-06 1 2020-05-06 7 =2t Intra mammair 10cc 1 56:00.0 RF Drying-off

713 2020-06-26  2020-06-26  2020-05-06 1 2020-05-06 A =2t Intra mammair 10-cc 1 56:000RR  Drying-off

404 2020-06-26  2020-06-26  2020-05-06 1 2020-05-06 A =2t Intra mammair 10 cc 1 56:000 LF  Drying-off

404 2020-06-26  2020-06-26  2020-05-06 1 2020-05-06 A =2tsl Intra mammair 10 cc 1 56:000 LR Drying-off

404 2020-06-26  2020-06-26  2020-05-06 1 2020-05-06 A =2tsl Intra mammair 10 cc 1 56:000 RF  Drying-off

404 2020-06-26  2020-06-26  2020-05-06 1 2020-05-06 AlZ 2ty Intra mammair 10cc 1 56000 RR  Drying-off

815 2020-05-13 20200517  2020-05-07 1 2020-05-07 N4 Intra mammair 15¢c 1 22000 Mastitis catarrhalis chronica {chronic catarrhal mastitis)

_46_



[1=-1-22] 29715 AA(D=%)

T AT 5 8 Aoz o
2020-04-05 1312 fye FYE TE 21, RY P20 4L E5 oo o F £0f, 2A8H 25FARSCC o NES
2020-04-05 = fud CMTZ T LHE gole % 47 =0 158 So0iz Yyolg
2020-04-05 1765 Sud CMTZIHLHE, 58 51Z0| Qoo 28 9ol= & 37 F0, 28K 28FARSCC N A|=30 £ OFF A2 ot O MA AIABY|2 §
2020-04-05 198 249 fHE g 202 Hole o 37 S0, 28 28FAMBCC Al A=F0 £ 0E A= Mot O UAF NARY(E &
2000-04-13 1938 oy Sy Ay 2ng H0le 9 F7 50 0% S05 FYsiE
2020-04-15 1528 [a0 CMTET L 2ole % 27 =0 1HE F02 Y=
2020-05-13 1682 Qutal CMTZT} LHE ol % A1 EY I NET
2020-05-18 2202 fud F4EEE 208 EN et e
2020-05-22 s fud CMTZIH LHE, g8 31 Z0| Qag] 25 oolE o 47 0|, 28H 2§FARSCC EARE
2020-06-23 2358 Mo 25 UL EE LA U SAHAO0UHA 712 SEF HolE i
2020-06-26 1493 240 CMTZI} L 40le 4 37 =0 102 S0j% Yasis
2020-06-28 158 L CMTZIHLHE, 28 S20| Qo 28 RYE HL Y B
2020-07-01 WE SHmEsl 9T gig Hg SAHIO 0| URA 75 =22 ol 9=
2020-07-03 U H A A SSHART 30CC 28FA 09l 3|=
2020-07-10 372 oG l|ggs H2Ls 24 500cc * 3 AT HE Z4y8
2020-07-15 2Us e gz o Hg SZHA Y SAHRO0 UM 715 S HojH 923
2020-07-20 1605 oY CMTZ1} Lp H0lE % E7 50 152 S0z Yyols
2020-07-25 1902 fug CMTZT L Hole & 27 50 102 Fo= Yu25
2020-07-28 i3 oM WEf 24 =H 48 HE gt
2020-08-05 533 i CMTZET} LY ol o ZT £0f K&z
2020-08-09 1352 o 4 | T9 d= o

1.2.3 SRACIES 0] 715 43
O AR EOIA ALe FLA
)7

Ego] FajAl 2t APBAC) MAE LW AL, ZRALG], AL
23017], MAAIA A
15 7

& ICT7I7I1=2RH Hojy 242 Akl s

< °IF
2RARZ1A A4 == dlolE+= o]

- RIEARE UUALRT), 22 EgJol 53] ALg7] ¥l PCE
"astol ALgElolElZt AAEE Holefulo] o] AR H251A] ok, s clolefulo] 0] uy
o UL AT F MADBoIA HlolElE 2ASHE WAL At

O 8] Sepre Wuh2RARR7] 2714 R3S FUelA FFotn A, QerAEg7Ie] 9o
= SOl Eo] F3IA HlolE] 2Aster] o2l gL AT 2RALG719 A9 PCo| 23
A8 AOIEt Asle SR xR} PO 0 HEAI FAAE B2 71

1 3g PCE ¥ A2S 5] 851K go
- oloj] tisiA Eahd Sh=AARY SiAH S BAstl o, ShaA|AtOA R Feteh Q1S oot

SHA] 23] ZA4|= sfZA5HA] 23S

A AT -

- ANBSOIAE SPCY YEYT HYL WHstel ElAES sfue] Alwsty AU o
: R

HR7I0 R 23olte S Eo] 23 2370 5 SAAL, 250

2| A58 ZAgsplols vt glol, chagt HlAE Al

o) HAS I ZRAR710 010l WL H. ek FRAIAE KI5

43, URAAOIA LtA ChS3lof sh Ja.

O wpy Seba 28419719 49 813 PCo] A &ste] PCoA] Alo]Ego]2 tlo]ejuig e e
SAH Yo Holeg ARk WAo2 WHNYS. ThE A87] doleet e4 2

stof A-A| =471t

=

AT Ao} ALgo 2 dojElg AsIAE YAl A1EE ¥
ol ByEez doje 0] B 4 ARS A7E AW AP,

m2

_47_



1.2.4 ESHAI0lEYo] Hlolg A A=
clojg] B¥d 245 e

O d+53d 2x1d S A°cIEACl=Z a4 HE HolH HIE2S Algse=fy dddo}

ANRE AL BUstol Ol Y AEE NS

O & 1771 "Holeol A74€ dolgol tishiAr o5 471K]9] Alo]A R o7 =l

1) ©i4o] Sh= glojEjojA|nt ARH HofE

= =2 X

)
2) §liaof SkA] ok= dolH
3) #°] = dlolE
4) SAHYAE glojd HlolH
[#£1-38] Ho]& 2{AE
NO| & H ol & HolE7ls |NO| F& H ol &7 HolE7]s
1 farm_info EAAH 10 cow_heat 7H A A
2 cow _info MAAR 11 | A A E | cow_biosensor 7R 20 A8 ) Al A
3 | 7I2A K | cow_code_record HERE 12 cow_bodyweight | WA AZ
4 cow_last_status A E A 13 cow_insemination | 7} #4A
5 product_info 71A A G B 14 ey cow_lactation TRA AR}
6 cow_day_production | 7HAI YL | 15 cow_treatment WA X 8
7 | AR | cow_milking session | WA Z3 A} | 16 cow_day_feed MA G LA E
8 cooler_log Wz 714 17 | W3l4 X | farm_mapping s7t2=m
9 | 374X | barn_environment | FA8HA
oy & &3
1) W4of St= dojEoluyt AR dolg Al
O ¥30] Sh= dlojH =2 ﬁ”ﬂcﬂ AR R HlolE 2 Aol © A 22 F=A THIAA
oA ZhRo] A L EL] 739 "002" = AlASljof SHAIRE, THA] b2 Elo]E 5ol EXSE

ok
A ol eAmES] 49 & 129910 002-1234- 1234-Dz ol S0l cl, 002% A
93t g 9xte 2 Alge Clolele EA. B4 AFolAL 0027 BE £AlolBE ‘0025
Beln Yot 9 HAT 4 AL, T4 dlojElY olrt 9x2lel HeolE

. oT 2 1w E! =]
ARl ojYARER HHT| = o
O olQol= 2 SHAIARY s Z2dS 7P e, S0t 2A ARggAlo] 22t &85t
7] oA (FFAI LR S5 4 Qs dHolE Q] Al weve, Sk, JHAIASE,

o

I
ol
ok
rlr
ox
Ho
N
)
i)
glo

). 224 B =9 cow code_record Hlo]Eof &#

_48_



2) ©igo] SR ¢= HlolE A
2ol SEA] 9h= dlolE7t AFE A= BF
EﬂOlEiE FAL, o] HeA] etow nullgiS
AR A 4 Q= dlolE7E £
- s Alo] 20 tisiA= A& Hlol8 = AAlstaL, fto] e A] ¢f+= ol = nullyt A2
712 &
3) ol Sl= dol™
O =xAE Alol= Hlo]g7 A2z o JE o /AT, AA|= Aol Efo] EdliAl= HlolH 4
o] o] FOJAA] k2 Hol2= U W5t Ald-FolAM= siig F40l A" 537
o|Eflo] 27 RIsto] HlojEl 4 Alayet
4) SAHHE Hlol'd Hlojg
O glojei7t dvtd oz Agztst= Ao QA e dlolgol disl F3/de A8, Aart o
W ARRAlOf] 50kg o] A4St HlolE 7} Qlof, AR = 50kg o] ARE Si=A] AlCIESMIO]
Elol&7F obd AA| HolEjet Bl RIsyst.
- gF ®o]l 50kg o] ARsh= 4
A EﬂOlEis’lr ez art e Al
Aot 712

of thsiAl= AlclEHol HAE &= A
gojof st=t| 0°°l2t= k2 HlolE7 A

rlr mltl

AAAQ FlolEj7t ohy 7l

AR = 3 F e o2 Aitsh= 7iAl=

do E
I‘IF
il
-
i)
lo
hu
ez
2
fjo
£
r|r
O_u

tlolg 7%‘%”8 a5 2

_[:__I,

O AIBEH2BEH 502 A tlole] FA NS A7), tlolel ICT7|7]28El 4
R0 4L AHL gon], Ao Aztsh FAAQ WRAA ol dlojels
S SEREEE
O Ik M2@SolA e clolel 24 A1RWA] 33 2ol thsiAs 257k obd FAFAQl clolgl
oL} AR Hlolut HlolEl R ol AASHE WO R BUY T AFPste Yo
A72 AW &
A7 Y I5AF UFAY 2% ol F3(2471Y o))

O
re
4

ta
o3l
o
o
tlo
iw)
oz
|o
Hu
)
=0
offl

oA Tt %«g Aol E9o1 S E8] 199 RE LA
dolel 2 WA Es] Az Asr] AR, 219 WK BALA
R PRy DN K%u L%%% Alolshel oy 2474% o]Ako
b A7 &0 ﬁ@fﬂiﬁd @597 228 GRSIN Aol 214 Fo] kS
4 7170] 9~ 107114; 259, ARl RE EF Ao]
2 nﬂo1E1 EPCER
ool Bite] Mao] Bk WAto] WAIEI AL, 2502 Qlsto]
| ARl e 97} WvishAl wAgstol, dlolel Aol Was] ol
o AsEY Aasta] Y cﬂolaé mgsto] 512 olEta)
53 ol Eglole] MY off B2 Q15 HlojE] Hilo] Hw:

ox
fn
{‘ll‘
a
—
N
N
15

ol
%
Zi
O-v-'
|o

[e) D:v-‘
)
L
[m
)
2
1o
r2
o% J?i e lm _|
o
rgh o > ofm

_49_



o

4_

[
L

[#£1-39] Ho]E] 27

T
N &S S| o 7 T
T Q2 0o o __o,_.o| o ]
;o | O o~ ]J,qq _“_T.:J|OD = — .I
RN K = = == 5 2 OBEF
— o = (o)
2 =0 ] e
mm 750 KA =T T = W_ oF o
sizlglglzls Er o 2 Lo = B
2700031795 _H_I_IH_O — — 1o e ‘o ‘.Amm_u
o 1| DN [ | © | N | ;| © ™ K — ~ —~n
A pﬂ11,7,1,5,0,2,8%% L_L,m.,_o_n nﬂ_UlA,_o = 0 <P
lemm9w%uﬂ&85 woE e o o K of 5T
=== 7T & Rl Ty KO
oq;iT}qmﬁ L E WE
— gl 2 WO o D
- T < _x_.o_uA wali R s
~ =8 LI IRNI82| S i NEB_ K oo o K
— (sp] N N
ol P e smuf Tt FIL 5
o N oINS S| o 00 K iy
" < g|=g8|8|” W Em T e e R
— (@) =l — fo) _—
ﬂﬂxmwﬂaaﬁ ARG il
Smre =0 e L
1 D
NS B2 L O wo ™ O T KO g
1‘A_|66232227 ~ D° 7o .L.H K ﬂ_.:m_-wo
X 994969586124 o N oF uo_i A o O e
ﬁ5,,,,2,4204227 SoFm B T K o ©F
_ﬂ6wM719,,,1,025 T 2 7 o S,
ho 6%22%&1221 ,IOqu‘I e ol B qx_moﬂ
< QIS8 1g|E 5T = M oAy X R 7 O £2
—_ A %o ﬂo@uﬂenﬂ7 oS v ok
7o & == N o By
- or ™ T koo hd
wle|olo o ™ S,y e ar e 0
LISICIRIZ| SR 0 < oF o/ ~ 0
ﬂ198W44%%4745 - __ ,_HU|E_,| _/L.__.E,lul O_H.__.mM_l
an,,,31213766 A_l.q*A_.odl — o 1_._0,_007 i
Wv75M%1&L531_53 _:TH._Po}o_uHD_W_m Pm_mcﬂ.o of ™
< %mw6%%%4, TR g o K o oir wo Kk
N — <~ X_o ._.lpﬂ_|_d K EUDIlE_A Lo T
0 mel_,_laamﬂ%ao ul o5 ol D
@ | = mam._xL@ﬂﬂoﬂ_.H,oﬂMﬂe_e o =
— | — p— I —_— —
— 2|2 == = ] 8O - r — 3 b [l
ATﬁevvﬂﬂmmmmwl63 _._.”.._A_m_o N mx_ Mo._nuu:._om._ _xuw_l _l_ .._,_mo _Iu_u ﬂoo_m nﬁ_.LI
Hmoomm11UU/MA2 T R =R
qx_'WWW/mmmOMMZW ._.._u.o_.__A.o,mmo_u HHm,mm .ao]mMOLm_wom
ﬂ”1120m99///m0 ) ﬂﬁll.o__o}o ,WEIM_ ke —
. mmmwommwmwlv HaomMgu,xmmv nouxoq__&a_e,m_
2222%00%2 .Ul _H_/n_uo,_u,u_n_uﬂ.ao‘.mM U._ _u._nno.._l_u.m
QISIKIS EWHIL._OMQHH;_.n_oﬂ o o ;waLl
= o o__.:_ H,mm,.r__._l,m_uxo_/
0 0 T B J oF = <
B || kol o) o g E%LNW_EEQUIu.monﬁmoo_awaan
or ﬂﬁ mh o | efr | el U_A._an.V K0 Ko/ Ko KO RO | 10 AuUuo TE BT ioll ofp MH B0 m_m_| ihS D._ O_H o ofF K2 vl n
ofF | oA | B o o | o) B o | BT o _umomi_ﬁa_.}ﬂu% g i B0 ; <k a4
| oh [ B = 50 o O o W B0
| Eowx_x_.ﬂmﬂo_uﬂﬂl moﬂaoﬁﬂcl}%o
N T O Hlaoxd
LmO O of < E =% ob o
H © ! O

_()1 }\}

o
o

d] o]

3H]

- 50 -

ez 2UE

[9)

2

ol
=2

= 417}

[9)

& ojo}

|

R
Pl



St
o

SUEY A AH 274

o
[=

HO]—

O
T

[#£1-40]

) o
ey — <N Pmnn_ —_
__oL e} ok ] n_m
o o e woE
w X —_ <
o -~ | o <
> o f oF
& KO i e 5o ~r
~ ar M W K
—_— f 0
- I R - S
< T s o= 0 700
of| XL = T y 8o ol
SFloE K ° W o | K
< | — & o <+ | o
T 9 o B | KoY
o|® ™ K Ao B o
—_ 10 of o
oF X B o | R 2
N3 S w et juHE
o ®ooh | ~— | X —
wom | E T N o
S N Ta |BE T
mo T uj Zo | X R
NX || M B Wy
R e B | ®__ | mE| ok
TR oy = X | oEW | Ko
or
ol o _—
Bl o
8 K
1o ,mH_ L_o
e D77
s
= K < go <
<_OO ﬁO —_— ~
H_A| 7 ~N 0 ::E “&E 70
T K
T & Tl %w X w | o
ol oFB | @ | WIFr| T
T oH CECENTS s o
2l B | yHw| ¥
W om | WM& OE| T )
T | T [BRETK| 30 T
Gl Ca =Y of =
m — [q\l o <t Lo

i

[2=1-23] 98 2UEY g 7id Ae H

(2R A)

_51_



9]

A
o

71%%
(A28

—

SE(F AN

= A
T

2w

tlol&
AP

]_

L 154

o

o

LN

o &-&7t

=

=

1.3.1 234t

oK

]

!
o

3

(20.8%)

174
195&/4

oF 136}2] &to]7} o] 4]

Y
3

]

E

A

]

!
__A_.O

3

oPAHA]
o AHA]
(26.2%)

240
2472 /2

= 7]H
(014

=2

= AETY oA

oz 29

=

ou 7147t 7}

3

AN

0]
571

i

3

ofstL 9l 7to AYALR

169& /4
(17.9%)

154

o

=2

1~57 Al
[#£1-41] SEAS AlLE

A

1185
174&/4
(18.5%)

HEof G 1470 Aol

S|

S

of g2t Al (EA
&

=

=
=01

o7 X F2|AEH(Cluster Analysis) 7|
%_

|

o

T8 AP W

[

!
o

3

162
141&8/4
(16.6%)

A EIRRIEdE
/oD )3 |

TR O X[

%0

=0

o —_ —
IR D R
B = o | x| 00
- % | o | &

FloloSzY2l

<K

ol | oW | oM | oW | B | Bl | 5
AN NEN NN NN
W | || | | | )
O|n|O|—=|w|N|w0

Bri~|lolw|uwibL mn|lo
_._|4,4,3,3,2,2,O,
|| [ | | |

70

K

=0

o
”%MM%EM
A | < | WO | K| = | %O
ol ro| o | Ho| & | oo

..nAlv_m.lZ <t | KO | ©

O &A

o

3714

=

1

o)

=12
=

£33 7

AA o

1o

_52_



UF APALgo] 870kgO 2 TP AL BHE, 271
BATFRO G2 BAAS BRY A

(FARIA])S 1,474kgo0. 2 714 Tol R
[£1-43] 3AYE 22AEY o
72 30108 | ad23s | 393318 | a9 43s | 39 53%
6935 653 663 963 1013
saspa | HE 25835 | ALRQ 3060% | ALRS 2793% | ARQ 3T6T% | ARS 3.880%
= Oﬂ:ﬂ_'_ (16.1%) (19.0%) (17.4%) (23.4%) (24.1%)
KIS | it 2,38 | WA 23 | WRAAF 2.45 | WRAAL 2.4 | WRAA 2.42
A88R) | anue 869 | ANYY 279 | 2AEY 2059 | RANY 299 | 2AMYY 209
3059 9,828kg | 30552F 10,351kg | 30585 9,604kg | 30593F 10,612kg | 305-83F 10,343kg
U= X5 3] 1623 1183 1545 2403 1745
il 141E/9 1745/ 1695 /% 247E /% 195E/2
: f (16.6%) (18.5%) (17.9%) (26.2%) (20.8%)
B | 59 870ke/Y | 39 1474kg/Y | 5 1097ke/Y | 5T 1029ke/D | 5T 1121ke/Y
6,7685(16.8%) 6,3975(15.8%) 7,8385(19.4%) 10,4125(25.8%) | 8,955522.2%)
FALE 24~359 : 1803% | 24~35% : 1 181% | 24~359 : 2,105% | 24~35% : 2.875% | 24~359 : 2,581%
ZAYITY 36~479 : 16405 | 36~47% : 15825 | 36~479 : 1,836% | 36~47¥ : 2,322% | 36~479 : 2,079%
(2= 48599 : 12165 | 48~h9% : 1187% | 48~599Y : 1483% | 48~h9¥ : 18615 | 48~59¥ : 1,686%
i ii 60~714 : 8955 60~714 : 869% 60~719 : 1,026% | 60~71€ : 1,394% | 60~71¥ : 1,130%
ASF) 72839 @ H83%- 72~839 : 504%= 72~839 : T12% 72839 : 9225 72839 : 1725
844~ : 631% 849~ : 444% 849~ : 676% 849~ :1038% 844~ : 07%
L U

O g os2gat AA Al

sigx|ole] 7|55

o olgt 7MY I 5 naF o Eu

5712t Z710] o

ELgol &g siFRtRS] =8l A,

©9) ol %3

Fl
=2
e
ro
Pal

]
)
P
o

A4 28 9 08 WS &as)

1.3.3 A|9E AU F m=2AA

e

Step 1 | A|E 22 2H

ol

Step 2

g ojAlE

|

- 10

2AAAE AHagt st &2

7bSo] Rkt EEA S s|vto R
), AANSH QAT T SEjE T, Lal7t SAF T4
S jAleyg J|Ee FEato] pUgoRA ¥

ol ofn

Step 3 Vi

_53_



Klo
<N

julll

0% =

o d
=0

AR A

1.3.4

E X
-1 O

bdat ALg R, Ao

L

AR A
e

Fol 12971 A+ S

[

29

o

0P

ol

ol 1774

9

), AFS- AP (A2)),
2 naAA 25147

N WK FBe N1EoR AT AR GAS AR
%9(35%), AFSTHR(40%). AFSRAPE(10%), WA 7H54(15%)

— || |o|v|d|o|c|o|olo|o|lo|un|lolo |c|o|o|s(s{o|o|w]s oo
QR R [ [ QY0 100 10O IQYN IR0 0O OO
o|lo|lo|lo|o|o|o|o|o|olo|o|o|o|olo|oc|o|o|lo|o|o|o|olo oo
RIR[RR|R[R|R[R[R 2R RN R| R[N R[N RN[R[R|RIxR|R|R
DR |N Q| OO MM 0O NN | — N
Nlolo|s|lo|lo|lo|lo|lo|d]lo|lo|lo|o|dlo|o|d|lo|F|o|a|lv|sle|o]|
2N IVo N RVl RVoN NWoN RVCH RVSN NVoN RVCN NN PN NUSH RVoN NUcH IUSH IoN NWo N Kol RVo N Nic} VN N(oN RIsN IS°N LIoN NIoN N¥e]
o @ | o mo|=|= ||l o2 F]w (o |~ |90 ||| faio|m
0O ||| |SF o (w|o|lo]o|s =D |D)w|o|= || |N|w|o|Fls|w |
DI |N || |o|— o |F [ s|lo (@S9 C|o|ao|a|N|D |0 ||| |0
N|o|N|0 |00 |~ |~ |nX o[ [ ()T |0 |F [P D[R | |n]H o[
o R A S N B I R R N A A R A A A R D A T R i e
olN|olo|loN|loN|o|ols N[N [l |N|F (oo ||l |o [
NN || NN N[NV NN N[NNI NN [N NN QS| NN (S~
N|o|—|o|eo|lw|lolw|osla|S|In|lalBlololo|—|o|— — |t lo|w|o
O(N|— | N SRl Nl ool Bl Il BV ES il AN YN el NN NYSN Nep} = [
o|lo ol|lo|lo|o o|lo ™~ ™~ o) o) o | 0
IR R RS < X < ks < |
TO| RO | | 7o | tolo | < | KF [ | %O ol ) I | & | 00| oo | R ' 1 " | Ho
< BO| RO | T | BF| X | oo | ‘T o | 5| Bo| o]l s T | Ko
70| 30| M| 3o ae| do| o | de | ae| s~ |~ | 38| o | e o ol | 2
ROITO| || & %A | & | Ko| o | o] To| TO| RO RO | Ko o o Ko | Ko
< | <C < | <T|<C|=<C << | <C m @) O Q

_54_




sy X 15 | Bds7te | ERARE | 29 AT | Al 7]
D S IEIEN 5 29 24.9 466.1 57.5% 0.63
D A7) A BA] 5 6 25.4 389.8 66.6% 0.60
D A 715 A] 5 41 25.3 426.4 61.6% 0.62
D 78 1ojA 5 50 25.4 362.9 66.1% 0.60
D A8+ 5 21 25.0 469.6 59.3% 0.63
D #AE odog 5 2 24.6 465.5 61.0% 0.63
D OIH A| 5 97 24.6 421.0 61.4% 0.58
D A 15 5 42 25.8 462.0 59.9% 0.61
D | A o 5 5 26.5 324.6 69.4% 0.60
D RE 717 A] 5 47 24.6 366.6 59.6% 0.55
D B el A 5 99 25.3 446.8 59.5% 0.60
D 3 BojF 5 80 26.1 477.6 62.2% 0.63
D g AT 5 41 26.2 438.6 64.0% 0.62
E 7 At 3 161 25.6 804.9 58.7% 0.74
E 2A7] 7VE T 3 65 27.0 679.7 58.7% 0.74
E 7A7] FZA| 3 180 26.6 697.2 58.8% 0.73
E | 77 go4 3 50 26.3 747.4 58.5% 0.73
E 7A7] oA 3 316 26.7 746.6 59.3% 0.74
E 77] HeEix| 3 290 26.4 708.2 59.4% 0.72
E 7A7] BAA 3 316 26.4 777.6 59.3% 0.75
E A U= A 3 116 25.7 792.2 59.5% 0.70
E g FFA 3 67 26.8 702.1 58.5% 0.73
F 749 E2HA 4 16 25.8 604.2 57.4% 0.69
F 719l AL 4 55 24.6 614.6 60.8% 0.67
F | 7A7] 19 4 76 25.6 633.4 59.3% 0.68
F 77] ofm 4 109 25.7 628.1 59.6% 0.69
F 7A7] A=A 4 227 25.2 644.8 59.7% 0.68
F 471 AxlT 4 203 25.9 689.3 58.6% 0.71
F A QFARA] 4 33 26.6 609.2 59.3% 0.71
F A o]z 4 33 25.6 642.6 59.3% 0.68
F | A4 st=2 4 28 25.2 662.4 57.0% 0.67
F At shopgL 4 10 26.5 694.6 57.9% 0.71
F AU HA2 4 36 26.6 597.4 59.5% 0.67
F A A A 4 77 26.8 672.3 60.9% 0.70
F | Ag atm2 | 4 57 26.9 598.9 58.6% 0.67
F g oAt 4 191 25.0 655.6 59.8% 0.66
F 58 gds 4 28 26.5 596.2 61.6% 0.69
F 5 AT 4 89 25.9 677.3 59.0% 0.70
F 282 x5 4 32 26.1 616.4 60.5% 0.70
G A AFEA| 10 47 20.9 803.4 60.6% 0.60
G A Gt 10 55 22.6 938.9 61.7% 0.66
G e DA 10 134 22.8 846.7 61.4% 0.65
H A7) Y= 6 108 24.2 484.9 60.3% 0.60
H At AR 6 18 25.7 545.3 61.4% 0.65
H | AY o2 6 9 25.6 579.4 60.0% 0.65
H | 2= 72484 6 114 24.9 548.8 61.9% 0.64
H N ZE AR Al 6 124 25.9 524.6 58.8% 0.65
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73 Wk 1§ | Bats7te | FART | 23 BAT | AL S 37]
H A ori 6 18 25.5 531.2 60.9% 0.62
H R Rbg o 6 18 24.9 614.1 60.6% 0.63
H | A8 &%+ 6 26 23.9 528.9 60.8% 0.58
H | A% =z 6 64 24.4 575.7 61.3% 0.62
H | AE oibx 6 48 23.7 536.2 62.4% 0.58
H HE AL 6 88 24.8 528.5 60.4% 0.61
H | &9 ofilx 6 249 23.9 511.1 60.3% 0.59
H | 39 39+ 6 17 25.8 518.8 61.1% 0.64
H 29 Eet 6 50 24.3 574.0 58.2% 0.61
I 271 FeA] 7 2 22.7 721.5 57.7% 0.63
I 737] oFA A 7 313 23.3 601.1 61.3% 0.61
I 77] 3HAA] 7 547 23.9 652.6 59.8% 0.64
I A Ao 7 32 24.3 582.1 58.5% 0.63
I A ArelA] 7 55 24.9 661.9 61.5% 0.67
I g ekt 7 56 24.0 697.5 59.7% 0.66
1 AE Az 7 260 24.6 626.7 60.4% 0.67
I L 7 22 24.0 653.2 61.2% 0.66
I HAE R A| 7 61 23.6 640.3 62.2% 0.65
1 EPYERPY 7 13 24.5 636.8 67.0% 0.66
I A 2L 7 23 24.1 707.1 62.6% 0.65
I A s 7 22 23.7 662.5 60.5% 0.60
I AE LA 7 124 23.2 688.1 62.2% 0.61
I A8 ROt 7 22 23.1 603.5 61.7% 0.59
I > A 7 30 24.0 681.1 59.6% 0.65
I g A okA] 7 251 23.7 684.4 60.6% 0.64
J A7) shEA| 15 6 13.0 152.7 70.9% 0.20
] AU o2 15 5 10.9 364.6 63.3% 0.19
J MY 2obE 16 14 8.0 535.1 70.4% 0.15
K Ae 137 13 21 18.8 196.2 66.4% 0.37
K HE 2] 13 44 20.6 280.3 64.6% 0.45
K 5 okt 13 6 19.4 276.6 64.4% 0.43
K 7R otE L] 13 14 19.1 371.8 68.0% 0.45
K AE oA 13 20 20.2 345.1 61.4% 0.47
K e A 13 30 21.1 351.6 60.9% 0.48
K 25 A+ 13 26 20.1 298.7 60.8% 0.43
K 737] 9FARA] 14 12 17.2 422.5 63.4% 0.39
K XS EA] 14 2 17.4 106.1 66.2% 0.31
L AL 12 34 20.2 634.2 57.2% 0.56
L EXEE N 12 82 19.3 587.5 59.4% 0.48
L I N 12 179 20.5 519.7 61.2% 0.51
M | 7 e 9 18 22.5 554.0 61.4% 0.61
M | AE Hx3 9 21 21.7 574.8 63.6% 0.56
M | AB oqxF 9 15 23.3 490.7 57.4% 0.59
M | Ed =ab 9 80 22.3 515.5 64.1% 0.55
M | 35 3487 9 61 22.8 538.7 59.8% 0.58
N | 7Y AT 11 4 22.1 370.4 62.1% 0.53
N 7] QAFA] 11 5 21.7 270.0 60.0% 0.46




N | F|IN[([N|O|©O>] N
OB |b|< ||| |0
olo|o|o|o|o|lo|o
Mo e=rmm=tnwm=oan
M
r
SRR L bl
R T NN ©
—H O |MN|F (Mo N
O|lo|lo|lo|lo|lo|ln]| ©
AN R Akl Bl B
0 [cd |0 |3 [or |<F [0 | o 760
DN |N|0|D|[=|0]| 0 )
SR R F S R R B RN RS ISt el
=
g
N~ | |o|~|o|—]|m e
— |l === —
1}
M
<
o o~ ~lo|l—=| ¢
O n|Plan|H|o|N —
P
M|
— | | || | — | —
— | | || | — | —
5
| < |[F|H]| T ..
XD | _
<o B 1_Ar‘_ < OLﬂ v
RO o | NO|TH | Bk o | T $
ot | TE{ o] air | air [ KE | o X
| T || | | K| Ko
ZlZ2l=2(=2=2|=2|=

_57_



(25 1-25] ASA «aet 7I¥S AEste] d4dd 49 g E(Dendrogram)

ds || AS || S| 28 || a8 |2 || 28 ||28 || 28| A8 || A8 || A8 || 18 || 18 || 18 || 15 || 1=
0 2 8 1 5 3 4 10 6 7 16 15 13 14 12 9 1

(10) [ B) || (D | ) [[(13) | (9 || (A7) || B) || (14) | (16) || (1) || @) || () || @) | (3) || (5) || (10)
A B C D D E F G H [ N J K K L M N

T

O &35k At &85 Yo Al 7144 A& oAl

el BarolS AtE HE2 a J1EAE A

- 12970 Al2O] AT AUE 2520 RS TEY] Ystel Al /AR AlE e of
A AAe gotel A2 714A AR A AR A RAR

- RARE 9= B2 BEsto] AR /IR AVES) NXN A WA o® B E Al 71
A Ao ARl BT AE

SAZS 1 el gEE ANE V1B R U3 AT K AU 218 1 o)

A Ade A3

RIS

mlo
nol'

_58_



[#1-45] 1297} A2 7194 ARl 9 A= 71E0R Ae AE

| AEEs 90 93 95 98 99 100 101 102]
| AEE bt S£EH  HE EFE  EEF gty =H HEE
| = 38.25085 37.94738 38.14787 37.90188 37.88580 37.67713) 37.90262 37.9739
| | ZT 128.5647 | 127.7544| 127.3042| 127.0607| 1267665, 128.7183| 127.7357 1247124
EE NZ #c e mEE= mEEm A
3740 ZHEE 224 36.58640843  128.1867368 23 57 1883 156.3 190.5 1772 1917 1303 1518 344.3
3720 BMHEE A 35.82521256| 128.7415327| o 9.9 2705 252.1 2884 | 2754 2891 206.2 2480 | 4311
3732 HM=C 297 36.2431097 1285720844 Gpst 16.3 2235 203.2 2400 | 2283 2433 160.2 199.1 393.1
3733 BHEL oMz 36.35287756 128.6071422| a1 03 21156 196.2 2349 | 2254 2418 1474 | 1925 396.8
3735 BUSC EET 3643648387 120.0571658| HEF 15 2066 | 2040 2457 2408 2595 141 2000 | 4215
3736 EHEC L 3666685371 1201123367 276 HET 266 1828 1865 2297 2279 2482 1178 | 1838 | 4158
3737 BHSE S 3641509548 1293660954 27735 137 2163 2225 2856 2631 2828 1518 2189 4476
3742 BHERD HEF 356475931 1287343186 288 YL 174 2902 2705 306.1 2020 | 3047 22598 2663 | 4421
743 BHERT ni=F 35.72634171  128.2629009 285 B 19.8 2823 2514 2827 | 2648 2749 2209 2468 | 4032
3744 BT HEF 359191519 128.2830381| 279 70| 238 2608 | 2306 2629 2461 2572 1995 226.1 3914
3745 BM=EC =22 35.99570033 279 70| 2515 2248 | 2586 2434 | 2558 189.3 2204 3951
3750 BA=E b ol 36.646798| 128.4374433 136/ 945 1789 156.9 1943 183.4 202.3 1174 133.0 3614
3752 ANEE =57 36.89323035  128.732548 271 28 1519 1458 | 1882 185.6 206.0 873 7 375.1
3753 BAEC i 36.9932551 129.-;&:—5851[ 130/ 28 1.1 1582 180.1 2252 2302 2531 97.2 1786 | 4282
3754 BASE £E57 37.48461368| 130.9058579| 115 S8 0.7 2227 | 2822 325.2 3419 3674 | 1042 283.1 547.9
3814 BAEE A 3522702071 1286818341 255 SEY 09 3367 3139 3475 3311 3419 2727 3095 4682
3813 BAUL BFA 351800746 128.1075831| 192 ®F 64 3443 3007 3381 3171 3042 2833 3049 | 4345
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[£1-49] A= A Fd FHE4A 2RI

Q| =g Z4b | &g | 305 EF | =or | [A
-7 S | BE |- 24y -
£l _ SR s | 2| T | 83 | 22| 9z | en | 2= | 2
(18) (3) | &xt _ o | @ | o | on | s
(F) | (5 (8) | (&) | (ko) | (%) | (&) | (F/Cel)
A 2012 63 2.5 1 3,612 | 2,944 52 27 192 10,329 | 3.95 | 448 215
A
A 2021
41
N 2021 Al

[£1-50] A= 2Het B ARYA BIAE(RAANFAIAL)

|YEAR| CLUSTER_CODE| FARM_CNT | PARTTY_AVG| PARITY| KYUNGSAN_COW| MILKING_COW| MONTH| FIRST_MONTH| MILKING_DAY| PROD_305, FAT_305| CALV_INT| CELL

A 122| 2.5/34 1079| 557 26.1 24| 10266 455 328
A ] 122| 2.5/480p2 | 1341 80.5| 26/ 214| 10285 447| 405
A 122| 25028 | 1478 42.2 269 230  omis 464 229
A 122| 2518 | 1935 27.2| 77.2| 249] 8432 0| 185
A ] 122| 2.57/22 | 5821 47.8 26.7| 233, 9509 455 271
2B 176| 2514 | 2442 28.2| ‘82| 253 8372 0| 189]
|8 176| 258 | 1676] 42.9| 27.4] 243] o573 480 238|
|8 176 25038 | 1139| 56.7| 27.1] 243 9873 468 304
2B 176| 2.5/ax04t | 1673 81.1| 26.7] 233]  ossol 473 423
s ] 176| 2.5/74/22 | 6878 48.6| 27.5| 00 253 473] 267/
|c 310| EE 3887 42.2| 27.1] 221 10012 455 210/
lc 310 231 | 6186 27.6| 77.6) 237, 8718 “a| 154
lc ] 310| ' 2488 55.9] 26.6| 224]  10546) 454| 200/
2)c 310/ 3=z | 15627| 272 228 9604 455| 225
e 310, 2348004 | 3145 26.4) 226 10481  3.87 450 382,

[141-26] W= YAAY 3 A5

= oOuw ES
b 01g 02g 03g 042 052 062 07g [:E] 038 108 18 128 oA 227
20184 41,022 37.666 42,963 12,219 42,830 40,380 39,947 39.218 39,126 40,018 38,610 40,300 484,355 40,363
20194 40,870 37,789 43,335 42,681 43,171 40,344 40,539 38,995 39,057 40,511 39,069 40,722 486,983 40,582
20204 41,698 39,950 43,577 43,047 44,082 41,232 41,385 40,207 39,780 41,075 39,900 41,602 497,535 41,461
20214 41,500 38,381 43,683 43,008 43,855 41,002 41,176 39,808 39,625 41,007 39,691 41,377 494,194 41,183
qamg 41,313 38,410 43,382 42,760 43,501 40,592 40,188 39,413 39,239 40,410 38,861 40,372 488,442 40,703
1.08000
1.06000
1.04000
1.02000 188(F)
e CL=16-)
1.00000
208
0.98000 —=218(8)
——aHEZHE)
0.95000
0.84000
0.92000 T T T T
g 28 L a8 sg 62 78 L LE 08 1g 128
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PROD_FPREDICT_CERTI_COW

[E1-51] A&

YYMM | CLUSTER_CODE| SEASON

[202012|T0T
[202101|T0T
[202102|T0T
[202103|T0T
|202104|TOT
[202105[T0T
I202106|TOT
|202107|T0T
|202108|TOT
[202100|TOT
[z02110/T0T
[202111|T0T
[z02112/T0T
[202201|T0T
|202202|TOT
|202203|T0T
202204/TOT

[£1-52] AJArol 5

PROD_PREDICT_COW_RECORD

0.07229
| 0.00023
[1.01552
| 1.03700
[ 1.06154
| 1.05028
[ 1.01002
| 0.9670
[0.06627
| 0.06978
[0.97521
[0.07761
| 0.08631
[0.00511
[1.03315
[1.03734
| 1.06194

PROD_PREDICT_CODE

FARM_NO: VARCHARZ2{7)

COW_CODE: VARCHARZ{16)
BIRTHDAY: VARCHAR2(B}
CERTIFICATION_MONTH: VARCHAR2{E}

FARM_MAME: VARCHAR2(20)
OWNER_NAME: VARCHAR2(20)
MILK_COPERATE: VARCHAR2(10}
LAC_NUMBER: INTEGER
PRODUCT DAY: INTEGER
MILK_¥|ELD: NUMBER(S, 1}

FAT: NUMBER(5,2)

PROTEIN: NUMBER(5,2)

SOLID: NUMBER(5,2)
MILK_VIELD_305: NUMBER(7,1)
FAT_305: NUMBER(7.2)
PROTEIN_305: NUMBER(7.2}
50LID_305: NUMBER(7.2)

SCC: INTEGER

CALVING_DATE: VARCHARZ(B}
CALVING_CODE: VARCHAR2{Z)
DRY_START_DATE: VARCHARZ(E)
CALVING_DAY. INTEGER
CULL_CODE: VARCHARZ(2)
CULL_DATE: VARCHAR2(8}

PROD_PREDICT_CERTI_YEAR

YEAR: NUMBER(4)
CLUSTER_CODE: VARCHARZ{(2)
PARITY; VARCHARZ(10)

FARM_CNT: NUMBER}
PARITY_AVG: NUMBER(Z.1)
KYUNGSAN_COW: NUMBER(S)
MILKING_COW: NUMBER(S)
MONTH: NUMBER4,1)

FIRST MONTH: NUMBER(4,1}
MILKING_DAY: NUMBER(3)
PROD_305: NUMBERS}
FAT_305: NUMBER{3,2}
CALV_INT: NUMBER(3)

CELL NUMBERIS)

gl Aol Ah2

O 229 UAY AYL

AREA_CODE: VARCHARZ{4)
CLUSTER_CODE: VARCHAR2(Z)
GROUP_CODE: VARCHARZ(2}
FARM: VARCHAR2{10}

1D: VARCHAR2(12)

AREA_CODE: VARCHAR2{4)
AREA_NM: VARCHARZ{30)

CLUSTER_CODE: VARCHARZ(Z)
GROUF_CODE: VARCHAR2(Z)

AREA_NM: VARCHAR2(30)
MO_ID: VARCHAR2{12)
START_DATE: VARCHARZ(E)
END_DATE: VARCHAR2(8}
EVENT_DATE1: VARCHARZ(B)
EVENT_MM1: NUMBER(3)
EVENT1: VARCHARZ(30)

|D1: VARCHAR2{12)
EVENT_DATE2: VARCHARZ(8)
EVENT_MM2: NUMBER(3}
EVENTZ: VARCHARZ(30}

1D2: VARCHAR2(12)
EVENT_DATE3: VARCHAR2(S)
EVENT_MM3: NUMBER(3)
EVENT3: VARCHAR2(30}

103 VARCHAR2(12)
EVENT_DATE#: VARCHARZ(8)
EVENT_MM&: NUMBER(3)
EVENTA: VARCHARZ(30}

|D4: VARCHAR?2(12)
EVENT_DATES: VARCHARZ()
EVENT_MMS: NUMBER(3)
EVENTS: VARCHARZ(30)

1D5: VARCHARZ(12)
EVENT_DATES: VARCHARZ(B)
EVENT_MM8&: NUMBER(3)
EVENTS: VARCHARZ(30}

1D6; VARCHARZ{12)
EVENT_DATET: VARCHARZ(B)
EVENT_MM7; NUMBER(3}
EVENTY: VARCHAR2{30}

ID7: VARCHAR2{12)
EVENT_DATES: VARCHARZ()
EVENT_MM8: NUMBER(3)
EVENTS: VARCHARZ{30}

|D8; VARCHAR2(12)
EVENT_DATES: VARCHARZ(8)
EVENT_MM8: NUMBER(3)
EVENTS: VARCHAR2(30}

108 VARCHAR2{12)

PROD_PREDICT_KDC_MILK
AREA_CODE: VARCHARZ{4)
CLUSTER_CODE: VARCHARZ{Z)
GROUP_CGDE: VARCHARZ(Z)
YYMM: VARCHARZ(G)

AREA_NM: VARCHARZ(30)
FARM_CNT: NUMBER{4)
COW_CNT: NUMBER(7)
OK_MILK: NUMBER{g)
MILK_TOT: NUMBER({8)

PROD_PREDICT_SEASON_INDEX

PROD_PREDICT_RESULT_CLUSTER

YYMM: VARCHARZ(S)
CLUSTER_CODE: VARCHAR2(3)
AREA_CODE: VARCHAR2(S)

COW_CNT: NUMBER(7)
MILKING_COW: NUMBER(7}
CULLED_COW: NUMBER(7)
MILK_YIELD: NUMBER{8}

PROD_PREDICT _RESULT _MASTER

PRED_YYMM: VARCHARZ(S)
FARM_NO: VARCHAR2(7)
COW CODE: VARCHAR2(12)

FIRST_LAC_ MON: NUMBER{4)
LAST_PREGNANCY_DATE: VARCHARZ{B)
LAST_CALVING DATE: VARCHAR2(8)
CALVING_SCHEDULE_DATE: VARCHAR2{B)

DRY_SCHEDULE_DATE: VARCHARZ2{8)

YYMM; VARCHARZ(E)
CLUSTER_CODE: VARCHARZ(3)

SEASON: NUMBER(6.5)

65 -

PROD_PREDICT_RESULT_DETAIL
PRED_YYMM: VARCHARZ(S) (FK)
FAAM_NO: VARCHARZ(7) (FK)
COW_CODE: VARCHARZ(12) (FK)
YYMM: VARCHAR2(6)

LAC_NUMBER: NUMBER{1)
MILK_DAYS: NUMBER(4)
PRODUCT_STATUS: VARCHAR2(20)
REPRODUCT_STATUS: VARCHAR2{20}
MILK_YIELD” NUMBER(#,1)
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AR 10.7y 10.1} 113} 11.2} 115 10.7] 10.7] 10.4| 10.2| 10.7[ 10.5 11 129
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@t s mguy wmagy £ 100kg
qE ) g R 20 @y om0 sy 2R 20 @3y 2o 300
2019-09-28 4 397 364 0.20 38 34 88.3 45 39 87.6 0.1 01 104.6
2019-09-29 4 398 355 0.25 37 40 108.1 45 49 1086 0.1 0.1 708
2019-09-30 4 399 351 0.19 37 30 81.0 45 36 81.0 0.1 0.1 567
2019-10-01 4 400 352 0.26 36 41 1114 45 50 1110 01 01 108.2
2019-10-02 4 401 344 0.00 36 45 01
2019-10-03 4 402 360 026 38 41 1127 45 50 1122 01 0.1 27
2019-10-04 4 403 353 0.20 38 30 843 45 38 84.0 0.1 0.1 927
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304927603 2019101600042 296 NULL 284
304927794 2019101600014 296 NULL 224
304927907 2019101600024 296 NULL 284
304928369 2019101600034 296 NULL 283
304928409 2019101600044 296 NULL 284
304928580 2019101600054 296 NULL 283
304928782 2019101600064 296 NULL 284
304928972 2019101600074 296 NULL 283
304929171 20191016000843 296 NULL 283
304920357 2019101600004 296 NULL 283
304929559 2019101600104 296 NULL 283
304929750 2019101600114 296 NULL 283
304929951 2019101600124 296 NULL 283
304930139 2019101600134 296 NULL 283
304930239 2019101600144 296 NULL 283
304930528 2019101600154 296 NULL 284
304920728 2019101600164 296 NULL 284
304930017 2019101600174 296 NULL 204
304931117 2019101600184 296 NULL 284
304931303 2019101600194 296 NULL 285
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Common Information
Test Description: Conducted Emission
Maodel No.: SJIMS-G
Phase:
Mode: L1_WLAN 2.4 GHz
Operator Name: KES
1001
go
|
o 6Ot 8 .y 4
=2
= 1* ®
E 40 % @ . 4
5 1 &
pry
20+ &
0+
150k 300 400500 a00 1M 2 I 4 5B 6 8 10M 2068 30M
Frequency in Hz
Final _Result
Freguency QuasiPeak ChAverage Limit Margin Meas. Bandwidth Line | Corr.
0.160000 - 34.52 66.00 31.48 | 1000.0 9.000 | L1 19.5
0,160000 48.91 --- 79.00 30,09 | 1000.0 9.000 | L1 19.5
0.370000 —— 39.57 66.00 26.43 | 1000.0 9.000 | L1 19.6
0.370000 45.31 - 79.00 33.69 | 1000.0 9.000 | L1 19.6
1.150000 =a= 17.69 60.00 42.31 | 1000.0 9.000 | L1 20.1
1.150000 25.80 a— 73.00 47.20 | 1000.0 9.000 | L1 20.1
1.215000 -—- 20.10 60.00 39.90 | 1000.0 9.000 | L1 20.2
1.215000 27.54 - 73.00 45.46 | 1000.0 9.000 | L1 20.2
28,915000 - 32.21 60.00 27.79 | 1000.0 9.000 | L1 20.4
28.915000 3I7.67 - 73.00 35.33 | 1000.0 9.000 | L1 20.4
28.945000 — 32.28 60.00 27.72 | 1000.0 9.000 | L1 20.4
28.945000 37.69 —— 73.00 35.31 | 1000.0 9.000 | L1 20.4
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Common Information
Test Description;

Telecommunication Emission

Model No.: SJIMS-G
Mode
Speed : LAMN IN_1 000 Mbps
Operator Name: KES
1””“&
B0+ -
i L 4
. 60 e .
m I
= L e
= &
T 40+ ®
@
=
201
U -+
160k 300 400500 g00 1M 2M M 4M BEM B g 108 Z0M  30M
Frequency in Hz
Final_Result
Fraguency QuasiPeak | CAverage Limit | Margin | Meas. | Bandwidth Line Carr,
(MHz) (dBv) (@Buv) | (aBuv) | (€B) Fm? {kHz) (dB)
ms
0.410000 e 63.11 75.65 12.54 | 1000.0 9.000 | Single Line 19.8
0.410000 68.23 -— 88.65 20.42 | 1000.0 9.000 | Single Line 19.8
0.465000 = 56.60 74.60 18.00 | 1000.0 9.000 | Single Line 19.8
0.465000 63.68 -— B7.60 23.92 | 1000.0 9.000 | Single Line 19.8
1.030000 - 50.42 74.00 23.58 | 1000.0 9.000 | Single Line 20,0
1.030000 50.05 - 87.00 27.95 | 1000.0 9.000 | Single Line 20.0
1.690000 - 44.84 74.00 24.16 | 1000.0 9.000 | Single Line 20.2
1.600000 57.50 = B7.00 29.50 | 1000.0 9.000 | Single Line 20.2
6.010000 o 47.05 74.00 26,95 | 1000.0 9.000 | Single Line 19.3
6.010000 51.83 = 87.00 35.17 | 1000.0 9.000 | Single Line 19.3
6.020000 - 41.77 74.00 32.23 | 1000.0 9.000 | Single Line 19.3
6.020000 48.90 - 87.00 38.10 | 1000.0 9.000 | Single Line 19.3
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EE
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2= :-v: sl b “W:ﬁm I ) et i
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Final Result
No. Frequency (P) Reeding (et Pneaalt L&Eit Maagin Height Angle Remark
[MHz] [dB(uv)] [dB(1/m)] [dB(uV/m)]] [dB(uV/m)]  [dB] [cm]  [deg]
1 68.210 ¥ 54.8 -24.3 30.5 40.0 4.5 126.0 164.0
2 192,233 H 50.3 -21.7 28.6 40.0 11.4 3250 338.0
3 c24.606 H o5.1 =201 35.0 40.0 5.0 Ju5.0 335.0
4 249.945 v 50.0 -19.2 30.8 47.0 16.2 106.0 4.0
5 523.873 H 39.4 =111 28.3 47.0 18.7 382.0 353.0
6 74877 v 38.6 5.9 a7 47.0 149 1440 338.0
B WLANS & 22
Bt w10 ml PR AR Rty et i
Yigdal g ] g CIOFF Pob 12 Claon & 10m:
%’I;ﬂ ::.== Ard. Sprizr TI2[+8 aB) . HDLAS
*_‘i;ia::.j\_'m.- WLAH B GH:
o CIERAL
128 AT
L
T
3 .
- 4 o 'l
s ] [ . !
P e I [ 1 I I
: 1 | | 3 [T 1
H 0200 — B0 .20 I:)'.C.E:J
Final Result
Mo. Frequency (P) Reading o F Besult Limit Margin Height Angle Remark
QP QP apP
[MHz] [dB{uv)] [dB(1/m)}] [dB{uV/m)] [dB(N/m}] [dB] [om]  [deg]
1 6e.67g W 550 -24.5 3.5 40.0 9.5 142.0 112.0
2 192111 H 5.7 AT 24.0 40.0 11.0 3570 323.0
3 224,728 H 53.1 -20.1 33.0 40.0 £ 328.0 338.0
4 374,956 44.2 -14.8 2.3 47.0 20.7 100.0 48.0
5 523.973 H 38.2 -11.1 28.1 47.0 18.9 J38.0 358.0
g 743.375 37.6 -5.9 Jr.T 47.0 153 116.0 353.0
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Al(1 GHzol%4)

(o] o o
AR Alggsgol et Alger Axt, 7]s7]&ol A<t
A= g o]E = Peek 2 ofjA ZH2Eo] Zifof|A] DetectorS PK, CISPR AveragesS =
Al AdEisto] ZAe Autel.
AlEg: 20218 118 22 ANET: &=
B OWLANZ2 4 2 BE
| ) 18] G PR TERT VEH O-ZAT 81
I UrB-G Haraaa GIoFY Pub d2 Class & G2 3m
A - & SRGLAR BF
et gt KER
Fras
Ramanst WA .4 GHE
il
i
a0 E
1w
wE
wm
. mE
Pt
bl 1] _="‘ |
#E T |
.- M i
e Il |
WE [l |
102000 200000 S00.00 4000 02 SO0 DO 600 00
Friaiaiitiy Mkl
Finel Result
bo. Frequenoy (P) Peading Flcudln-: N Aesult Fesult Limit Limit ﬁnrulr Margin Height Angle Remark
W [cB'E“‘.n'_:lI dﬁc 'y ] [dB{1im}] [cﬂlm H [I:B'Em:’ 1 [I:H[FE;I' il [tﬁ{AE_.' 11 B %ﬁ; [ [ e
i I.u im fn} Ll u¥im) wym on )
1 2425&41 H 4.9 5.5 2.8 3.3 .0 5.0 '[" g iv ; .o 73 L
2 SRRV 43,5 3!].4 5.0 455 36,4 6.0 6.0 4 0.0 8.8
3 2s4e@ W 43.4 40.5 8.1 43.5 46,5 76.0 53.0 A 100.0 6.8
4 346668.908 H 38.8 26T 9.6 482 6.3 B0.0 G0.0 -B 100.0 72.8
S 4.0 H 5967 26.9 2.9 5.8 28.4 8.0 0.0 4 100.0 2405
6 Arat.ze v 6.2 24,1 6.0 Ba.2 40 1 B0 60.0 .8 1.0 18T
T 2448000 H - ~ 6.2 T6.0 53.0 - 100.0 2=29.4
B 240000 H —— 8.2 ——— FLA S0 0.0 M)T
= 24 N8 SO c 24 6 OfS (WA THE)
B WLANS 6 BT
| ZeD [1-8) Gk FE TETAS wEH C-5AL 41
BhbE-G stardad CIEFR P AE Class A GHz M
- BT FLag &=
WS e
I
R -E ‘n;l-m Eﬂ.’l
b P d i I
[T | i [
I | | i
i | | |
I [ [
2000 01 3300.00 4000 22 000 DG B300 .00
Freasanoy [kl
Firal Rasult
Ho, Freguenoy (Pl He%?inu Feading a.1 Resull -'Ieaﬂrt Ll';‘r_'mt L,.Lm” Eaéglr I-!E’r‘gln Haight  Anrgle Remark
[MHz] [dBiwv] | [vlﬂ[u'l!','l] [B{1/n)] [dB(uV/m}] [Blubim]] [Bluwin)] [dBlevim}] 8] [dB] [en] [deg]
1 13828 H 43,7 r.e -1.1 48.6 36,1 7.0 56.0 7.4 ws 100.0 2
c AT N 45,0 3.5 3.4 8.8 4,1 5.0 5.0 24,4 1.5 .0 1.4
3 2 v 44 4 i 8.0 50.4 | B0 6.0 256 .9 100,10 4.0
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B AR ————— ——— B2 S == 5.0 56.0 —— ——— 00 378
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42 |MKV Milk Meter

Waikato Milking Systems Ltd.

New Zealand

Milking line

No. Product name Company Country Mounting type

1 |CowManager SensOor Agis Automatisering Netherlands Ear

2 | Smartbow Smartbow Austria Ear

3 |IceQube IceRobotics Ltd. UK Leg

4 | CowScout GEA Farm Technologies Germany Leg

5 |IceTag IceRobotics UK Leg

6 |Track A Cow ENGS Systems Israel Leg

7 |AfiTag Afimilk Israel Leg

8 |Crysta-Heat Fullwood Packo UK Leg

9 |Gyuho SaaS Fujitsu Japan Leg

10 |GP1 SENSR Reference LLC USA Leg

11 |Heat-Seeker BouMatic USA Leg

12 |Smarttag Leg Nedap livestock management Netherlands Leg

13 |Hi-tag SCR Engineers Ltd. Israel Neck

14 |HR tag SCR Engineers Ltd. Israel Neck

15 |HR-LDn tag (Heatime) SCR Engineers Ltd. Israel Neck

16 |Qwes-HR tag for Lely AMS SCR Engineers Ltd. Netherlands Neck

17 |DeLaval Activity Meter System Delaval International AB Sweden Neck

18 |RumiWatch system ITIN+HOCH GmbH Switzerland Neck

19 |RumiWatch pedometer ITIN+HOCH GmbH Switzerland Leg

20 |Silent Herdsman Afimilk Israel Neck

21 |MooMonitor DairyMaster Ireland Neck

22 |HeatLive Medria France Neck

23 |S500 Cluster Geolocation System Omnisense UK Neck

24 |Smarttag Neck Nedap livestock management Netherlands Neck

25 |[Moocall Moocall Ireland Tail

26 | Accubreed Estrotect USA Tail

27 |HeatWath II CowChips USA Tail

28 |San’Phone Medria France Rumen bolus

29 |DVM Systems LLC DVM Systems LLC USA Rumen bolus

30 |eBolus eCow Ltd. UK Rumen bolus

31 [Well Cow Roslin UK Rumen bolus

32 |SmaXtec pH & Temp Sensor SmaXtec Animal Care Austria Rumen bolus

33 |Vel’Phone Medria France Vagina

34 |iVET birth-monitoring system iVET Germany Vagina

35 |FreeFlow SCR Engineers Ltd. Israel Milking line (Conventional)
36 |Metatron P21 GEA Farm Technologies Germany Milking line (Conventional)
37 |Metatron 12 GEA Farm Technologies Germany Milking line (Conventional)
38 [Milpro P4C Milkline Italy Milking line (Conventional)
39 |Tru-Test milk meters Surge Canada Milking line (Conventional)
40 |AfiMilk MPC milk meter Afimilk Israel Milking line (Conventional)
41 |Milk meter MM27BC Delaval International AB Sweden )

)

Conventional

43 |CellSense

Sensortec Ltd.

New Zealand

Milking line (AMS)

(
(
(
(
(
(
Milking line (Conventional
(
(
(
(
(
(

44 |Delaval Online Cell Counter Delaval International AB Sweden Milking line (AMS)

45 |LUCI Mastiline Netherlands Milking line (AMS)

46 | AfiLab Afimilk Israel Milking line (Conventional)
47 |Herd Navigator Delaval International AB Denmark Milking line (Both)

48 |CattleWatch CattleWatch Israel Neck

49 |Delaval BCS Delaval International AB Sweden Milking line (AMS)

50 |StepMetrix BouMatic USA Step sensor flatform
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No. Product name Monted sensor Measurements

1 |CowManager SensOor 3-axial accelerometer/Thermometer Ear & Head movement/Ambient temperature
R e — CS};i%xial accelerometer/Thermometer/Radio| Siz;;al?ovement/Ambient temperature/Low frequency|
3 |IceQube 3-axial accelerometer/Pedometer Leg movement/Leg movement/Step count
4 | CowScout 3-axial accelerometer/Pedometer Leg movement/Step count

5 |lceTag 3-axial accelerometer/Pedometer Leg movement/Leg movement/Step count
6 |Track A Cow 3-axial accelerometer/Pedometer Leg movement/Step count

7 |AfiTag 3-axial accelerometer/Pedometer Leg movement/Step count

8 |Crysta-Heat Pedometer Step count

9 |Gyuho SaaS Pedometer Step count

10 |GP1 SENSR Pedometer Step count

11 |Heat-Seeker Pedometer Step count

12 |Smarttag Leg 3-axial accelerometer/Pedometer Leg movement/Step count

13 |Hi-tag Microphone Vocal signals

14 |HR tag 3-axial accelerometer/Microphone Neck movement/Vocal signals

15 |HR-LDn tag (Heatime) 3-axial accelerometer/Microphone Neck movement/Vocal signals

16 [Qwes-HR tag for Lely AMS 3-axial accelerometer Neck movement

17 |DeLaval Activity Meter System|3-axial accelerometer Neck movement

18 |RumiWatch system 3-axial accelerometer/Pressure sensor Jaw movement/Pressure

19 [RumiWatch pedometer 3-axial accelerometer/Pedometer Leg movement/Step count

20 |Silent Herdsman 3-axial accelerometer Neck movement

21 |MooMonitor 3-axial accelerometer Neck movement

22 |HeatLive 3-axial accelerometer Neck movement

23 |S500 Cluster Geolocation System i{ggzkera%%dggge;ggﬁ\g%?estgg;%trer/ Gyroscope/ Neck movement

24 |Smarttag Neck 3-axial accelerometer Neck movement

25 |Moocall 3-axial accelerometer Tail movement

26 |Accubreed Pressure sensor Pressure

27 |HeatWath II Pressure sensor Pressure

28 |San’Phone Thermometer Ruminal temperature

29 |DVM Systems LLC Thermometer Ruminal temperature

30 |eBolus Thermometer/pH electrode Ruminal temperature/pH

31 |[Well Cow Thermometer/pH electrode Ruminal temperature/pH

32 |SmaXtec pH & Temp Sensor |Thermometer/pH electrode Ruminal temperature/pH

33 |Vel'Phone Thermometer Vaginal temperature

34 |iVET birth-monitoring system |Thermometer Vaginal temperature

35 |FreeFlow NIR beams Transmission of NIR beam

36 |Metatron P21 Flow sensor Flow speed

37 |Metatron 12 Flow sensor Flow speed

38 |Milpro P4C Flow sensor Flow speed

39 |Tru-Test milk meters Flow sensor Flow speed

40 |[AfiMilk MPC milk meter Flow sensor Flow speed

41 |Milk meter MM27BC Flow sensor Flow speed

47 |MKV Milk Meter Flow sensor Flow speed

43 |CellSense Viscosity sensor Viscosity

44 |Delaval Online Cell Counter Image capture

45 |LUCI Bioluminescence

46 | AfiLab Infrared spectroscopy

47 |Herd Navigator Infrared spectroscopy

48 |CattleWatch GPS

49 |Delaval BCS 3D imaging camera

50 |StepMetrix Pressure sensor Pressure

[23-3] AT YA o] & 7Hseh ICT A& MM Q] o F ¥4 &7

No Product name Function Prediction variable

1 |CowManager SensOor Feeding & Moving behavior Eating time/Rumination time/Inactive time/Active time

2 | Smartbow Feeding & Moving behavior Eating time/Rumination time/Location (Indoor)

3 |IceQube Moving behavior Standing time/Lying time/Lying bouts/Number of steps/Active time
4| CowScout Moving behavior Standing time/Lying time/Walking time/Number of steps
5|IceTag Moving behavior Standing time/Lying time/Lying bouts/Number of steps/Active time
6| Track A Cow Moving behavior Standing time/Lying time/Walking time

7 |AfiTag Moving behavior Lying time/Lying bouts/Number of steps/Active time

8| Crysta-Heat Moving behavior Walking

9|Gyuho SaaS Moving behavior Standing time/Lying time/Walking time

10|GP1 SENSR Moving behavior Standing time/Lying time/Walking time

11| Heat-Seeker Moving behavior Walking time

12| Smarttag Leg Moving behavior Standing time/Lying time/Walking time

13|Hi-tag Feeding behavior Ruminating
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14/ HR tag Feeding behavior Neck activity/Rumination time

15|HR-LDn tag (Heatime) Feeding behavior Neck activity/Rumination time/Inactive time
16| Qwes-HR tag for Lely AMS |Feeding behavior Eating time/Rumination time

17| DeLaval Activity Meter System |Feeding behavior Eating

18| RumiWatch system Feeding behavior Eating time/Rumination time/Drinking
19|RumiWatch pedometer Moving behavior ?E?Sglnt‘o};g}lﬁg isggndé&gltgoutS/Walking time/Walking bouts
20| Silent Herdsman Feeding behavior Eating time/Rumination time

21| MooMonitor Feeding behavior Eating

22| HeatLive Feeding behavior Eating

23 S500 Cluster Geolocation System|Feeding & Moving behavior Eating/Standing/Lying/Walking

24| Smarttag Neck Feeding behavior Eating/Head movement

25/ Moocall Moving behavior Tail activity

26| Accubreed Moving behavior Mounting duration

27 HeatWath II Moving behavior Mounting duration

28/ San'Phone Feeding behavior/Rumen status |Drinking bouts/Rumen temperature/Drinking
29|DVM Systems LLC Rumen status Rumen temperature

30| eBolus Feeding behavior/Rumen status |Rumen temperature/Rumen pH/Drinking

31| Well Cow Rumen status Rumen temperature/Rumen pH

32| SmaXtec pH & Temp Sensor |Feeding behavior/Rumen status |Rumen temperature/Rumen pH/Drinking

33| Vel'Phone Calving behavior Vaginal temperature

34|iVET birth-monitoring system Calving behavior Vaginal temperature

35| FreeFlow Milk production Milk yield

36| Metatron P21 Milk production Milk yield

37| Metatron 12 Milk production Milk yield

38| Milpro P4C Milk production Milk yield

39| Tru-Test milk meters Milk production Milk yield

40| AfiMilk MPC milk meter Milk production Milk yield

41| Milk meter MM27BC Milk production Milk yield

42/ MKV Milk Meter Milk production Milk yield

43| CellSense Milk production Milk somatic cell counts

44| Delaval Online Cell Counter |Milk production Milk somatic cell counts

45| LUCI Milk production Milk somatic cell counts

46| AfiLab Milk production Milk fat/Milk protein/Lactose/Blood in milk
#7|Herd Navigator Progesiergne concentration/Belahydrowbutyrate conceptration/
48| CattleWatch Moving behavior Position location tracking

49| Delaval BCS Appearance Body condition score

50| StepMetrix Moving behavior Ground reaction force
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I, "Ze Slf(step count), AYHAQl 2] ZAlQl(leg activity), =9 ZAl(neck
activity)’, ‘Wt& &= (ruminating)’ 2 ‘Wt3o]] 4 Q3= A]7Hrumination time), ‘27T A|
4 AlZHmounting duration)’, 47} &4~ (mounting time)” £0] &

O 8FE9Jo] Al £t bolus HEJQ] AR = F2 & AAQL Abe 54 A7} &AM o]
9lom, o]l2 EALE L 259 pH oz ‘&2 3la(drinking bouts), WFEQ] &% (ruminal
temperature)’, ‘9FE9] A% (ruminal acidity)' S o]835t0] 8rx9Q] AP St ZHo 7A7F Afojf
(health disorder)4t £%9Hcalving)S RT3t

O SR8 I ARl #2 2% A77](automatic milking system)7} opd &y AR 5719
ArQ7lo] BAksls §37milk meter)?t FF wORR, 1 e AMEA B4 AR

(somatic cell counter)9-&.

F
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ICT 7J¥](activity meter 5)2t A5t 7] AFEE 4 ATh= Ao et ohefst ’%ﬁﬂ Eﬂol
B Aol 7hsst ICT A,

- AA fR Folo RISt 7329 slAtolA A|AF A AN 1 Q1 Z(#3-4).

[#3-4] 22A97] 35

Product name Company Country
1 |DeLaval VMS™ Delaval International AB  |Sweden
2 |Lely Astronaut A5 (New) / A4 / A3 / A2 Lely Netherlands
3 |ASTREA 20.20 Hokofarm Group Netherlands
4 |GEA Monobox / Mlone GEA Farm Technologies Germany
5 |M?erlin Fullwood Packo UK
6 |Tie Stall AMS Milkomax Canada
7 |MR-S1 / MR-S2 / MR-D1 / MR-D2 Boumatic Robotics USA

7o, AstY, JAA, Eolyd RAF 9 &3 DB &

== ]
=
O & A2 & 239 ICT A A 2 o]9f A5 F7HUHE, Solk, e, FE=)%

- O 5 AMZE AR ICT Aule] A HRA(EFAIRE, §ERAIRE 8|Z2SARE SEA1RE 5)ol o
g ola(WLE, Solx, YHe, FUE 52 YN AL P2 A2PNS Foto] 27
s19.00], 1 5 Aul(A)o] ARl W4 5ol it DB 750 JHsdt 9.5 2de § 23
0]91%(313-6)

- Bt dule 1970 AR 12709 Adulrt A5 S ¥hEeg-E(feeding behavior)olit O]
= si=(moving behavior)E &Ag 4 Q= &= =X AFX|(activity meter)$ 0.0, UHA]

=
Y= bolus FERS] BFES] pH 54 FAIA=

[%3-5] ICT 44| MM A% =7t B §& 29 DB

b Author Year Journal Information Title ISSN
1 |De Mol et al. 1997 | Livest Prod Sci 48(3):219-227 ggtsgg%sosf a multivariate approach to automated oestrus and mastitis| 0301-6226
2 [Maatje et al. 1997 [Comput Electron Agric | 16(3):245-254 Cow_status monitoring (health and oestrus) using detection sensors 0168-1699
3 [Maatje et al. 1997 [Comput Electron Agric [ 16(3):245-254 Cow status monitoring (health and oestrus) using detection sensors 0168-1699
- Description of a detection model for oestrus and diseases in dair B
4 |De Mol et al. 1999 | Comput Electron Agric | 22(2-3):171-185 cattle based on time series analysis combined with a Kalman filter _ 0168-1699
5 [De Mol and Ouwelties | 2001 | Prev Vet Med 49(1-2):71-82 SD\?Stte;rzon model for mastitis in cows milked in an automatic milking| 0167-58771
6 [De Mol et al. 2001 [Appl Eng Agric 17(3):399 Detection of estrus and mastitis: field performance of a model 0883-8542)
7 |Firk et al. 2003 [ Livest Prod Sci 82(1):97-103 Improving oestrus detection by combination of activity measurements 0301-6226)
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with information about previous oestrus cases

8 [Norberg wt al. 2004 |] Dairy Sci 87(4):1099-1107 Electrical conductivity of milk: ability to predict mastitis status 0022-0302
9 [Cavero et al. 2006 | Livest Sci 105(1):207-213 Mastitis detection in dairy cows by application of fuzzy logic 1871-1413
10 | Cavero et al. 2007 | Livest Sci 110(1):101-110 fnabsing serial data for masfilis detection by means of localg7;-141
An automated in-line clinical mastitis detection system using
11 | Claycomb et al. 2009 [N Z Vet ] 57(4):208-214 measurement of conductivity from foremilk of individual udder]0048-0169
quarters
: . . B Use of neural networks to detect minor and major pathogens thaf] _
12 |Hassan et al. 2009 |] Dairy Sci 92(4):1493-1499 cause_bovine mastitis - ‘ o 0022-0302]
R 2009 | Livest Sci 125(1):92-96 {\gzisctltls and lameness detection in dairy cows by application of fuzz 1871-1413
- . Evaluation of three-dimensional accelerometers to monitor and|
14 |Robert et al. 2009 | Comput Electron Agric |67(1-2):80-84 classify behavior patterns in cattle 0168-1699
15 [Schirmann et al. | 2009 |[]J Dairy Sci 92(12):6052-6055 Validation of a system for monitoring rumination in dairy cows 0022-0302]
) . . . B Quantifying and characterizing behavior in dairy calves using the _
16 | Trénel et al. 2009 |] Dairy Sci 92(7):3397-3401 lceTag automatic recording, device 0022-0302]
17 [Mollenhorst et al. | 2010 |[J Dairy Sci 93(7):3358-3364 Somatic cell count assessment at the quarter or cow milking level 0022-0302]
; 1pa_ Detection of mastitis and its stage of progression by automatic milking| _
18 |Sun et al. 2010 |] Dairy Res 77(2):168-175 systems using artificial neural networks 1469-7629
Real-time automatic lameness detection based on back postured
19 | Poursaberi et al. | 2010 [ Comput Electron Agric |74(1):110-119 extraction in dairy cattle: Shape analysis of cow with image 0168-1699
processing techniques
20 [Ito et al. 2010 [J Dairy Sci 93(8):3553-3560 Lying behavior as an indicator of lameness in dairy cows 0022-0302]
R . _ Use of vaginal electrical resistance to diagnose oestrus, dioestrus and| _
21 |Hockey et al. 2010 |Reprod Domest Anim | 45(4):629-636 early pregnancy in synchronized tropically adapted beef heifers 0936-6768
22 |Brunassi et al. 2010 [ Scientia Agricola 67(5):503-509 Imp;qving detegtion o_f dairy cow estrug gsing fuzzyllogic_ _ 0103-9016
23 | Kamphuis et al. | 2010a| Comput Electron Agric | 70(1):60-68 Eﬁﬁjﬁ;‘;ﬂﬂee induction to detect clinical mastitis with automatid;5g_1 599
: X . . _ Detection of clinical mastitis with sensor data from automatic milking| _
24 |Kamphuis et al. | 2010b|] Dairy Sci 93(8):3616-3627 systems is improved by using decision-tree induction 0022-0302)
Development of a real time cow gait tracking and analysing tool to|
25 | Maertens et al. 2011 | Biosyst Eng 110(1):29-39 assess lameness using a pressure sensitive walkway: the GAITWISE 1537-5110
system
. . A Oestrus detection in dairy cows from activity and lying data using| _
26 |Jonsson et al. 2011 | Comput Electron Agric | 76(1):6-15 on-line individual models . - . . 0168-1699
27 | Burfeind et al. 2011 |J Dairy Sci 94(1):426-430 Eé\i/lavlgsatlon of a system for monitoring rumination in heifers an 0022-0302]
28 | Miekley et al. 2012 | Livest Sci 148(3):227-236 aDg}jgig“ of mastitis and lameness in dairy cows using wavelell 1g7)_14)3
29 | Alsaaod and Bischer | 2012 |] Dairy Sci 95(2):735-742 CDg‘tﬁ;esction of hoof lesions using digital infrared thermography in dair 0022-0302]
. . _ Lameness scoring system for dairy cows using force plates and _
30 | Ghotoorlar et al. 2012 | Veterinary Record 170(5):126-126 artificial intelligence - 0042-4900)
RTA An investigation into the use of infrared thermography (IRT) as 4 _
31 | Stokes et al. 2012 | Vet ] 193(3):674-678 rapid diagnostic tool for foot les(ions in dair)y cattle 1090-0233
. Validation of a new method (RumiWatch) for combined automatic|
32 | Zehner et al. 2012 | Thesis B measurement of rumination, feed intake and locomotion in dairy cows B
. . . _ Applicability of day-to-day variation in behavior for the automated 7
33 |De Mol et al. 2013 |] Dairy Sci 96(6):3703-3712 detection of lameness in dairy cows 0022-0302]
: . . B Lameness detection based on multivariate continuous sensing of mil: _
34 | Van Hertem et al.| 2013 |]J Dairy Sci 96(7):4286-4298 ield. rumination, and neck activity 0022-0302|
I . s . 7 Analysis of individual classification of lameness using automatic] _
35 | Viazzi et al. 2013 |] Dairy Sci 96(1):257-266 measurement of back posture in dairy cattle 0022-0302]
. . . . B Validating the accuracy of activity and rumination monitor data from| B
36 |Elischer et al. 2013 |] Dairy Sci 96(10):6412-6422 dairy cows housed in a pasture-based automatic milking system 0022-0302
37 [Goldhawk et al. 2013 [] Anim Sci 91(6):2858-2862 Validation of rumination collars for beef cattle 0021-8812]
L. . . . _ Methodology for quantifying the behavioral activity of dairy cows in| _

38 | Mattachini et al. | 2013 |J Anim Sci 91(10):4899-4907 freestall barns _ . , o 0021-8812)
39 | Miekley et al. | 2013a|] Agric Sci 151(6):889-897 Mastitis detection in dairy cows: the application of support vector| o7 )gsqq
. . . _ Principal component analysis for the early detection of mastitis and| _

40 | Miekley et al. 2013b|J Dairy Res 80(3):335-343 lameness in dairy cows 0022-0299

. . . . _ Lameness detection challenges in automated milking systems _
41 | Garcia et al. 2014 |] Dairy Sci 97(12):7476-7486 addressed with partial least squares discriminant analysis 0022-0302
. . . . B A comparison of 2 methods of assessing lameness prevalence in| _
42 | Gibbons et al. 2014 |] Dairy Sci 97(1):350-353 tiestall herds 0022-0302)
X . . _ Association of abnormal hind-limb postures and back arch with gaif| _
43 |Hoffman et al. 2014 |] Dairy Sci 97(4):2178-2185 abnormality in dairy cattle 0022-0302f
N . . B Comparison of a three-dimensional and two-dimensional camerd| _
44 |Viazzi et al. 2014 | Comput Electron Agric |100:139-147 system for automated measurement of back posture in dairy cows 0168-1699|
. . _ Infrared technology for estrus detection and as a predictor of time of| 0093-691
45 | Talukder et al. 2014 | Theriogenology 81(7):925-935 ovulation in dairy cows in a pasture-based system X
. . . . _ Evaluation of an ear-attached movement sensor to record cow feeding| _
46 | Bikker et al. 2014 |] Dairy Sci 97(5):2974-2979 behavior and activity 0022-0302]
. . B Predictive models of lameness in dairy cows achieve high sensitivity| _
47 | Dunthorn et al. 2015 |J Dairy Res 82(4):391-399 and specificity with force measurements in three dimensions 0022-0299
. . Lameness Detection in Dairy Cows: Part 2. Use of Sensors t B
48 |Van Nuffel et al. | 2015 | Animals 5(3):0388 Automatically Register Changes in Locomotion or Behavior 2076-261Y
: : . _ Accuracy of an ear tag-attached accelerometer to monitor ruminatio: B
49 | Wolfger et al. 2015|] Anim Sci 93(6):3164-3168 and feeding behavior in feedlot cattle 0021-8812)
Development and validation of a novel pedometer algorithm tq
50 [Alsaaod et al. 2015 |]J Dairy Sci 98(9):6236-6242 quantify extended characteristics of the locomotor behavior of dairy| 0022-0302
cows
. . . 7 Validation of sensor-recorded lying bouts in lactating dairy cows 7
51 | Kok et al. 2015 |] Dairy Sci 98(11):7911-7916 using a 2-gensor approach 0022-0302]
. Use of extended characteristics of locomotion and feeding behavior] _
52 | Beer et al. 2016 | PloS One 11(5):e0155796 for automated identification of lame dairy cows 1932-6203]
Lameness detection in dairy cattle: single predictor v. multivariate]
53 | Van Hertem et al.| 2016 | Animal 10(9):1525-1532 analysis of image-based posture processing and behaviour and| 1525-1532
performance sensing ] ] ]
54 |Shahriar et al. | 2016 | Comput Electron Agric | 128:20-26 8 o s aryents In dairy cows using _acceleromelers ando1gg-1g99
. . . _ A validation of technologies monitoring dairy cow feeding, ruminating| _
55 | Borchers et al. 2016 |] Dairy Sci 99(9):7458-7466 and lying behaviors 0022-0302]
. . . _ The use of an accelerometer for measuring step activity and lying| _
56 | Swartz et al. 2016 |J Dairy Sci 99(11):9109-9113 behaviors in dairy calves . 4 0022-0302]
57 | Paudyal et al. 2017 | Animal 1-9 itélgtrilgﬁlon time and monitoring of health disorders during earl 1751-7311
: . . _ Early detection of clinical mastitis from electrical conductivity data in| _
58 | Khatun et al. 2017 | Anim Prod Sci 57(7):1226-1232 an automatic milking system 1836-5787
Automated activity monitoring and visual observation of estrus in a (0093-691
59 | Nelson et al. 2017 | Theriogenology 87:205-211 herd of loose housed Hereford cattle: Diagnostic accuracy and time to| X
ovulation
. . Evaluation of an ear-attached movement sensor to record rumination, _
60 | Hill et al. 2017 | PAS 33(6):743-747 eating, and activity behaviors in 1-month-old calves 1080-7446
X . . . B Evaluation of an activity and rumination monitor in dairy cattle _
61 [ Molfino et al. 2017 | Anim Prod Sci 57(7):1557-1562 grazing, two types of forages 1836-5787
. . . _ Development of a new clinical mastitis detection method for automatic| _
62 |Khatun et al. 2018 |] Dairy Sci 101(10):9385-9395 | ~on s systems 9385-9395
. . . . _ Validation of an ear-tag accelerometer sensor to determine| _
63 | Pereira et al. 2018 |J Dairy Sci 101(3):2492-2495 rumination, eating, and activity behaviors of grazing dairy cattle 0022-0302
. . . B Evaluation of a triaxial accelerometer for monitoring selected| _
64 |Roland et al. 2018 |] Dairy Sci 101(11):10421-10427 behaviors in dairy calves 0022-0302]
. . . . _ Evaluation of an ear-tag-based accelerometer for monitoring _
65 | Reiter et al. 2018 |]J Dairy Sci 101(4):3398-3411 rumination in_dairy cows ' . . 0022-0302
66 | Werner et al. 2018 |J Neurosci Methods | 300:138-146 Evaluation of the RumiWatchSystem for measuring grazing behaviour o165_977
o . . . B Development of a pressure sensor-based system for measuring B
67 | Eslamizad et al. 2018 |] Anim Sci 96(11):4483-4489 rumination time in pre-wesned dairy calves 0021-8812
J Anim Physiol Anim| aga Differences between pH of indwelling sensors and the pH of fluid and| _
68 | Neubauer et al. 2018 INutr 102(1):343-349 solid phase in the rumen of dairy cows fed varying concentrate levels 0931-2439
69 | Nielsen et al. 2018 |]J Dairy Sci 101(6):5449-5453 Validation and comparison of 2 commercially available activity loggers|0022-0302
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35 5 = = o = o L Z P N S
- AA WE U 05 B F U0l MY L A5HLS 2 WA WAt 57] AHlying
time)' 7t '%7] 313x(lying bouts) o0, '8FEA|ZHruminating time)oju = A|7F
: : ’ o o 1 A= o (1T
(active time) 2 H|uwA 2 gigte 9 A Alas YEFHS(13-7)
— - M
[®3-6] ICT A& Al 45 B2t 21t DB
Performance®
Behavior Product Paper Algorithm'| Se, %‘Sp, %‘Acc, %‘Pre, %‘ RE ‘ r,’ ‘ i ‘ i’ ‘ K® ‘ Agree
Feeding
PCC 0.88
Bikker et al. 2014 CCcC 0.75
Kappa 0.88
Logistic 95 76
Wolfger et al. 2015
CowManager cce 0.79
SensOor PCC 0.88
Borchers et al. 2016
CccC 0.82
Hill et al., 2017 Linear 0.74
Eating time
PCC 0.88
Pereira et al. 2018
CCC 0.88
Smartbow | Roland et al. 2018 | Cross val | 73.2 | 83.7 | 81.2 | 57.9
PCC 0.93
Track A Cow|Borchers et al. 2016
CCC 0.79
Zehner et al. 2012 Linear 0.77
RumiWatch scc 0.96
system Werner et al. 2018
CCC 0.96
PCC 0.93
Bikker et al. 2014 CCC 0.93
Kappa 0.99
Logistic 49 96
Wolfger et al. 2015
CowManager cce 0.44
SensOor PCC 0.69
Borchers et al. 2016
CCC 0.59
Hill et al., 2017 Linear 0.92
PCC 0.72
Pereira et al. 2018
CCcC 0.71
Reiter et al. 2018 PCC 0.99
Smartbow PCC 0.97
Borchers et al. 2016
CCC 0.96
Ruminating time | smartbow | Roland et al. 2018 | Cross val | 89.4 | 94.9 | 93.9 | 78.5
Linear 0.87
Schirmann et al. 2009
PCC 0.93
Linear 0.77
. Burfeind et al. 2011
Hi-tag PCC 0.88
PCC 0.41
Goldhawk et al. 2013
CCC 0.30
PCC 0.8
HR-LDn tag | Molfino et al. 2017
CCC 0.80
Eslamizad et al. 2018 | Linear 0.93
RumiWatch | Zehner et al. 2012 Linear 0.79
system scc 0.98
Werner et al. 2018
CCcC 0.99
Rumination bouts| Smartbow Reiter et al. 2018 pCC 0.99
PCC 0.99
Chewing cycle Smartbow Reiter et al. 2018 CCccC 0.97
per bolus Kappa 0.96
Hill et al., 2017 Linear 0.98
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PCC 0.65
Pereira et al. 2018
CcccC 0.52
PCC 0.97
HR-LDn tag | Molfino et al. 2017
CccC 0.95
Moving
PCC 0.73
Bikker et al. 2014 Cccc 0.35
CowManager
SensOor Kappa 0.77
PCC 0.20
Pereira et al. 2018
CccC 0.19
Robert et al. 2009 | Logistic 67.8
Active time IceQube Trénel et al. 2009 | Filtering 16 98
Elischer et al. 2013 PCC 0.91
IceTag Mattachini et al. 2013 PCC 29 98
CowScout | Nielsen et al. 2018 CccC 0.80
Swartz et al. 2016 PCC 0.99
AfiTag SCC 0.91
Werner et al. 2018
Cccc 0.90
Robert et al. 2009 | Logistic 99.2
Trénel et al. 2009 | Filtering 100 98
IceQube Elischer et al. 2013 PCC 0.97
PCC 0.99
Borchers et al. 2016
Cccc 0.99
Mattachini et al. 2013 PCC 100 100
IceTag
Nielsen et al. 2018 Ccc 1.00
. . CowScout | Nielsen et al. 2018 CcCcC 1.00
Lying time
PCC 0.99
AfiTag Borchers et al. 2016
CcccC 0.99
AfiTag Swartz et al. 2016 PCC 0.99
PCC 0.99
Track A Cow|Borchers et al. 2016
Cccc 0.99
Alsaaod et al. 2015 SCC 1.00
RumiWatch
SCC 0.99
pedometer | werner et al. 2018
Cccc 1.00
IceTag Kok et al. 2015 Unknown 99 98 99
Lying bouts
AfiTag Swartz et al. 2016 PCC 0.99
Robert et al. 2009 | Logistic 98
IceQube
Trénel et al. 2009 | Filtering 92 98
Mattachini et al. 2013 PCC 98 95
IceTag
Nielsen et al. 2018 CCC 1.00
Standing time
CowScout | Nielsen et al. 2018 CCC 1.00
Alsaaod et al. 2015 SCC 0.96
RumiWatch
SCC 0.97
pedometer | werner et al. 2018
Ccc 1.00
IceTag Nielsen et al. 2018 CCC 0.63
No. of steps
CowScout | Nielsen et al. 2018 ccc 0.68
Alsaaod et al. 2015 SCC 0.96
: : RumiWatch
Walking time SCC 0.78
pedometer | werner et al. 2018
CCcC 0.92
Rumen status
PCC 0.83
Rumen pH eBolus Neubauer et al. 2018
CcccC 0.73

'PCC, Pearson correlation coefficient analysis; CCC, concordance correlation coefficient analysis; SCC, Spearman
correlation coefficient analysis: Logistic, logistic regression: Linear, linear regression: kappa, kappa statistic: Filtering,
3-step filtering

’Se, sensitivity; Sp, specificity; Acc, accuracy; Pre, precision; R2, coefficient of determination: rp, Pearson correlation
coefficient: r. concordance correlation coefficient: rs Spearman correlation coefficient; «x, kappa static value: Agree,
agreement

34Pearson correlation and CCC were judged according to the criteria of Hinkle et al. (2003), namely negligible (0.00-0.30),
low (0.31-0.50), moderate (0.51-0.70), high (0.71-0.90), and very high (0.91-1.00).

A correlation coefficient (rs) of rs >0.9 was rated as very high, rs = 0.68 to 1.0 as strong or high, rs = 0.36 to 0.67 as

- 147 -



moderate, and rs = <0.35 as weak correlation (Taylor, 1990).
5The x values were judged according to criteria of Landis and Koch (1977), namely poor (<0.00), slight (0.00-0.20), fair
(0.21-0.40), moderate (0.41-0.60), substantial (0.61-0.80), and almost perfect (0.81-1.00).

[£3-7] ICT A4 A A4 dloje] ¥ Hate g3

Function Prediction variable | Se, % | Sp, % A.%C’ Pgée ’ R? PCC CCC SCC K Aggzee
Eating time 84.1 79.9 81.2 57.9 0.76 0.89 0.83 0.96 0.88
Feeding Ruminating time 69.2 95.5 93.9 78.5 0.86 0.81 0.72 0.98 0.99
Rumination bouts 0.99
Chewing cycle per bolus 0.99
Inactive time 0.98 0.87 0.81 0.96
Active time 22.5 98.0 0.61 0.56 0.91 0.77 67.8
Lying time 100.0 99.0 0.99 1.00 1.00 99.2
Moving Lying bouts 99.0 98.0 99.0 0.99
Standing time 95.0 96.5 1.00 0.97 98.0
Number of steps 0.66
Walking time 0.92 0.87
Rumen status | Rumen pH 0.83 0.73
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Paper Behavior Definition (Criteria)
The pedometer in a position exceeding an angle of 58" toward the vertical axis lasting >50 s. Interruption of this
Lying pedometer position for less than 50 s is identified and calculated as one stand-up and one lying-down event but
not as a separate standing bout. The lying bout is rated as not interrupted.
Alsaaod et al. 2015 The cow is in an upright position but not walking; temporary change of the pedometer angle exceeding
Standing 58°toward the vertical axis for less than 50 s is neither rated as lying-down and standing-up events nor as an
additional lying bout.
Sum of the duration of all walking bouts within a given recording period. Period characterized by at least 3
Walking consecutive strides in the same direction (forward or backward). The period between 2 strides must not exceed 4
s. Walking bouts are rated as separate if the time between 2 strides exceeds 10 s.
Eating The muzzle is located in or above the feed and makes a chewing or licking movement from the feed barn
Bikker et al. 2014 -
];Kglliating Regurgitation, rumination, salivation, and swallowing of ingesta in lying position

Lying resting The entire body rests on the ground without further activity

Standing The cow stands on 4 legs: she only moves her head slightly
Eating If actively chewing and standing near the feedbunk.
Borchers et al. 2016 Where regurgitated boluses reached the esophagus, entered the mouth, and were subsequently followed by the
Ruminating initiation of rhythmic chewing. Rumination events ended when rhythmic chewing ceased and the bolus was
swallowed
Lying When the flank of the animal came in contact with a surface while transitioning from a standing position
Standing Body is upright, supported by at least 3 legs. Standing time officially begins when the leg bearing the pedometer
Elischer et al. 2013 is fully perpendicular (vertical) to the ground.
i B.ody is .n‘ot suppo.rted by the legs: bod)f is in contact with» the ground. .Cow is resting sternally or laterally. Lying
time officially begins when the leg bearing the pedometer is parallel (horizontal) to the ground.
Belamizad et al. 2018 T When. tlhe ?alves showed re%ullar jaw movements interrupted by regurgitation and swallow cycles with the head
remaining in a constant position
Goldhawk et al. 2013 Rumifiecting The onset of rumination was defined as the time when regurgitation took place, namely when a bolus came up
the esophagus and reached the mouth
Eating Head in feeder with jaw movement
Ruminating Chewing away from feeder, possibly preceded by regurgitation or followed by swallowing of a digesta bolus, or
Hill et al., 2017 some portion of this series of events
Resing Lying flat on its side with its head resting on the ground or the calf lying on its sternum with its neck curled

and its head resting on its body (with no jaw movements)
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Walking Walking as moving of at least 3 legs forward in sequence.
Mattachini et al. 2013 Lying Lying as body contact with the ground on the left or right side
Standing Standing was defined as an upright body with support from at least 3 legs
Ruminating The period of time when the cow was actively chewing a regurgitated bolus until swallowed either standing or
Molfino et al. 2017 lying
Resting If lying or standing, not ruminating, eating or drinking with eyes open or closed
Neubauer et al. 2018 Rumen pH Portable pH meter (SG2-SevenGo, Mettler Toledo, Vienna, Austria)
Eating was when a cow had eating jaw movements and the muzzle was in close contact with the ground (Nielsen,
Eating 2013); the cow may have been walking at the same time. Eating minerals or corn and drinking water was
considered eating behavior
Pereira et al. 2018 Lying The cow regurgitated a bolus and chewed the cud while moving her head and jaw in a circular motion and then
ruminating swallowing the masticated cud
Lying resting The cow did not consume feed, ruminate, or perform any activity (Elischer et al., 2013; Bikker et al., 2014)
Walking A cow stood on all 4 legs and the cow walked or moved her body (Mullens et al., 2006; Bikker et al., 2014)
Ruminating Time a cow spends chewing after a bolus reaches the mouth until it is re-swallowed
Reiter et al. 2018
Chewing Complete course of movement of the mandible during a single masticatory stroke
Walking activity was defined as aminimum of two progressive steps (forward or backward) within the 1 s video
Walking period. If the animal took only one step for a 1-s span of time, this activity would be classified as standing, not
walking.
If an animal was lying down for the entire 1 s video period, the activity would be classified as lying. When an
Robert et al. 2009 Lying animal transitioned from this position, the lying activity classification ended once the first movement of the
transition occurred.
Activity classified as standing would include static standing and standing with minor limbmovements (shifting) for
Standing the entire 1 s video period. Like the lying activity, if a transition occurred, the standing activity classification
ended once the first transitional movement began.
Eating Uptake of hay, straw, or concentrate; feed intake or chewing movements visible on video
Roland et al. 2018
Ruminating Calf is lying down; regular regurgitating and chewing movements (without feed intake) visible on video
Schirmann et al. 2009 Ruminating The time when regurgitation took place, namely when a bolus came up the esophagus and reached the mouth
Walking At least 3 legs are moved forward in sequence
Trénel et al. 2009 Lying Lying on sternum or on side
Standing Body upright and supported by at least 3 legs
Grazing Cows’ muzzle is located near or above the grass and makes biting motion to ingest grass, or cow’'s head position
up and making chewing motion
Ruminating Regurgitation, chewing, salivation and swallowing of ingested grass
Werner et al. 2018 Muzzle activity | Any other movements of the muzzle, which are not associated with grass intake
Lying Cow is resting on the ground (not standing)
Standing Cow is in an upright position but is not walking
Walking Cow takes at least 3 consecutive strides in the same direction (forward or backward)
Eating Classification, quantification of eating jaw movements
Zehner et al. 2012
Ruminating Classification, quantification of ruminating jaw movements
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ICT AA dlo]g & &8st AT 28 ZAF 9y
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W(estrus)e AH/B7Ist= d© Aol AARAA L o]F o]&sty FHRTF T
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A AMARCR 7P FFH e A H o 2oFe] BEE Alsshe tiaA A'd dloj&yo]

A9l ‘Web of Science'& © C 7]8F AMLe AlA)5HA

- AF8E AM 8ol ‘U(dairy) L ‘EX|(detection) @ (‘917FE(sensitivity) E= &
Z(specificity) = ‘A& % (accuracy) £+ o &3 (predictability)’) ¥ (‘& OPC.(mastltl )’
F+ ‘TF3d(lameness) £ WA (estrus)’)old, 97 ~ 183 114 IR EHE =2
AR =

- o]t 7o) met GAE ZR19] Tiae RREA 188H, megoflA 66T, W g4 91Ol Gl
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[#3-9] R F AT =2 7iY

rg

o
A

ar

= O
L T

DB

rat

g d= 4 o o Solz ¥ o
No. | Paper Sensitivity, % Specificity, % Sensitivity, % Specificity, %
1 | de Mol et al., 1997 96.0 95.3 65.0 99.4
2 | de Mol et al., 1997 100.0 95.3 100.0 95.3
3 | Maatje et al., 1997 90.0 98.2 90.0 98.2
4 | Maatje et al., 1997 76.0 98.2 76.0 98.2
5 | de Mol et al., 1999 100.0 95.3 57.0 99.4
6 | de Mol and Ouweltjes, 2001 100.0 98.0 88.0 98.2
7 | de Mol et al., 2001 79.0 93.7 54.0 99.3
8 | Norberg et al., 2004 47.9 91.9 16.2 98.0
9 | Norberg et al., 2004 19.4 91.9 15.9 92.3
10 | Norberg et al., 2004 44.8 84.6 21.0 91.7
11 | Cavero et al., 2006 92.9 93.9 81.1 94.0
12 | Cavero et al., 2007 100.0 36.0 70.0 84.0
13 | Cavero et al., 2007 86.1 81.4 86.1 81.4
14 | Cavero et al., 2007 85.0 81.6 85.0 81.6
15 | Cavero et al., 2007 87.9 66.6 85.0 74.5
16 | Cavero et al., 2008 92.8 61.6 85.1 87.3
17 | Claycomb et al., 2009 89.0 98.0 83.0 97.7
18 | Hassan et al., 2009 89.0 98.0 80.0 99.0
19 | Kramer et al., 2009 82.3 84.1 75.0 92.1
20 | Mollenhorst et al., 2010 50.0 98.0 47.4 99.0
21 | Sun et al., 2010 86.9 91.4 81.2 92.0
22 | Steeneveld et al., 2010 70.0 97.8 70.0 97.8
23 | Kamphuis et al., 2010a 56.7 93.1 5.2 99.8
24 | Kamphuis et al., 2010b 77.8 97.9 99.0 71.4
25 | Miekley et al., 2012 83.6 59.2 85.5 63.5
26 | Miekley et al., 2013b 87.8 61.9 76.7 83.3
27 | Miekley et al., 2013a 78.9 80.4 81.0 74.2
28 | Paudyal et al., 2017 52.9 80.3 50.0 84.6
29 | Khatun et al., 2017 92.0 92.0 92.0 92.0
30 | Khatun et al., 2018 90.0 91.0 90.0 91.0
[#£3-10] mf Al 22 7 ¥ 78 =3 DB
g 9= 4 o g Solz o4 o
No. | Paper Sensitivity, % Specificity, % Sensitivity, % Specificity, %
1 Karmer et al., 2009 72.7 75.9 72.7 75.9
2 Poursaberi et al., 2010 100.0 97.6 100.0 97.6
3 Ito et al., 2010 69.6 54.3 17.4 99.0
4 Maertens et al., 2011 90.0 100.0 90.0 100.0
5 | Miekley et al., 2012 63.5 85.5 47.2 85.5
6 Stokes et al., 2012 93.0 49.0 80.0 73.0
7 Ghotoorlar et al., 2012 100.0 95.0 94.0 100.0
8 | Alsaaod and Buscher, 2012 100.0 29.4 85.7 55.9
9 Kamphuis et al., 2013 56.8 80.0 90.0 41.0
10 | Van Hertem et al., 2013 89.0 85.0 89.0 85.0
11 | de Mol et al., 2013 80.0 89.9 80.0 89.9
12 | Miekley et al., 2013a 74.2 57.4 74.2 81.0
13 | Miekley et al., 2013b 87.8 61.9 87.8 61.9
14 | Viazzi et al., 2013 76.0 91.0 76.0 91.0
15 | Garcia et al., 2014 79.0 77.0 79.0 83.0
16 | Hoffman et al., 2014 78.0 40.0 5.0 98.0
17 | Viazzi, 2014 95.0 76.0 91.0 82.0
18 | Gibbons, 2014 87.0 34.0 10.0 96.0
19 | Dunthorn et al., 2015 90.0 93.0 90.0 93.0
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20 | Van Nuffel et al., 2015 88.0 87.0 88.0 87.0
21 | Beer et al., 2016 100.0 66.7 75.6 100.0
22 | Van Hertem et al., 2016 52.1 83.2 7.0 96.3
23 | Paudyal et al., 2017 58.8 80.3 52.9 84.6
[#3-11] ¥ e 29 7 I 55 =3 DB
Zo AZE 4 o O Sol= 9 o
No. | Paper Sensitivity, % Specificity, % Sensitivity, % Specificity, %

1 de Mol et al., 1997 94.2 94.5 82.5 98.1
2 Maatje et al., 1997 86.5 96.9 86.5 96.9
3 de Mol et al., 2001 80.0 93.6 63.0 98.1
4 Firk et al., 2003 91.7 98.2 87.9 99.5
5 Alawneh et al., 2006 85.0 99.6 85.0 99.6
6 Kramer et al., 2009 82.3 84.1 75.0 92.1
7 Hockey et al., 2010 90.8 90.0 80.9 98.1
8 Palmer et al., 2010 94.1 90.4 90.4 98.2
9 Brunassi et al., 2010 84.2 98.3 84.2 98.3
10 | Jonsson et al., 2011 88.9 99.4 99.8 99.6
11 | Kamphuis et al., 2012 76.9 99.4 76.9 99.4
12 | von Leesen et al., 2013 100.0 98.9 98.0 99.9
13 | Talukder et al., 2014 92.0 29.0 75.0 57.0
14 | Shahriar et al., 2016 100.0 89.1 61.0 90.3
15 | Nelson et al., 2017 90.0 100.0 90.0 100.0
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S s Auts ¥ ust =322 Poursaberi et al. (2010)9] o]u]x] Z2AA] 7|4
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- RO I 4AY H5Y BAA §Y L L9 Y WAL 98 U g Foliet &
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- 154 -




S BREI A [Fe5T [RIRER) 23 7]
1 i 14 TEESN | ZEaEE UL TARFIEESMNI] 827
] 175 35 PR EJUE UL [AERNESUA| BE7] [TMAEEY
3 & 20 TEGR7| | San4E a0 | AETES00 | 347
4 FF] ToaRs | SoENE US| | NEAES07 | 347
5 130 45 TERZT SR ORI | NERESO | 987
6 ? ? EET R LEY ? ? 7 ;
7 3 53 FEETH =30 947 ? 337 | MR AT/
8 0 15 exass | 28g0E YsUl [MERASSUT| 847 ?
E % 1 A : -
10 3 0 ETEET ? NETE=ZO | 347
EEE 0= 08 | RO/EEE TET NEESY ?
[1-3-6] AFTA] 1574 B5 ICT7]7] (ol A& 52 571
[#3-12] AUHALR7] £A7Hs Hloly &= A9
27 AaY | ¥4 WL Y =4 Haon| H|1
WA -GS | Animal_no - Animal number
Al Birth - Birth date
Ao Date - Milking date AFQ A X}
AFX}F Parity - Calving number
AR da DIM - Days in milk AFAA 3 Fupr)it
Aesls Frequency - Milking frequency per day | @4 ArS sl4
+2-87 Yield_sum kg Milk yield 19 RFOak 37|
Mee HA4 | EC_mean mS/cm | Milk electric conductivity | 19 &S Aen HF
L2k X} Yield_1st kg Ist Milk yield
T 1R} EC_1st mS/mm | Ist Electric conductivity
JE 1A} Blood_1st - Ist Milk in blood
L F_2&}F Yield_2nd kg 2nd Milk yield
AT 2R} EC_2nd mS/mm | 2st Electric conductivity
2E 24} Blood_2nd - 2st Milk in blood
LSF_3X} Yield_3rd kg 3rd Milk yield
A% _3Xf EC_3rd mS/mm | 3st Electric conductivity
.6 _3x} Blood_3rd - 3st Milk in blood

O

O

THA

2287 AgAR
Lely 22A67]% UWALg7]9} b7 2 RFID B1 22 $o) /R4 416742 Aastol,
A FEOIAE, AU, A9, AL, AIYR(ZE LA, A A
F2AIL F &AL 94, g
2 ANES, AF, A
WYB(2H3-7)

A 2RAIR7IH0lE = Lely 2 %AR71E °l-&ste 371 5719 2016~20183 & 3AX| S =
= = —_ = o
Hst@on, & Atgol= 440F(4HAtol| whet 8385F)9] 203,624709] RFAIR7F =R o] Qs
R AT U9 HRUE =R FUREFWRIN E AFAY FEALR HFAD IURBMUBEEATIGEATZRERMDLRY #e #UL RUE /T
( 2 3 112 2017-10:13 2 30843 41240 48420 0 20 10 10 0 10 1A 34 401 32025 44819
3 2 2710 4 7473 33200 39550 129 0 5 10 11 58 3320 45552
3 2 27013 4 23454 05010 10490 153 m 10 4 9 &8 32032 452
3 ¢ 20710 4 13 2 56 325 4491
3 20 3 2096 182 0 10 (5] 10 107 3.3532 443
3 3 1 101 1 11 i1 10 74 3897 £5545
H 3 ] E] 22 108 2365 45268
3 3 288 10 151 34586 45283
3 131 4 g 72 3152 4590
3 110 2 1 56 33121 45327
& A8 0 3 7.4 B A AQET
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3 12 13 7 78 74 7 73 682 165 a7 517 NURL MULL MULL MNERLL Milk Tank 1 383
L} 12 -13 37 74 72 s T B9 1.25 37 577 NULL NULL 'MULL MNULL Mk Tand 1 384
3 12 13 aT TG 72 TR T2 &aT 1.39 37 511 NULL MULL MULL ML Milk Tank 1 B
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S R|at Fat % Milk fat
ReR L) Protein % Milk protein
Lot Lactose % Milk lactose
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- itless
e 559 EC_LF unl i i ivi
EEY C. (mS/cm) Milk electric conductivity
: c 0oL My p2 ~ o] 7+o 8]
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_ - .. . Average daily
olm I "bEAlZ
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21 BARR
O 5717} ¢RI xlolo] A HolE(7IAA) U 57h) Ax|E S RN HR (LEMS)E £5
L% &% OoJAg}EA E0] SHAAHE StHslg S

Bz | d | 2d | 3d | 44 XFE PR AL HR2E] HR2E BFLE BFLE BECO
12 23 -1 -26 125 2 MK 20161226 14 0 0 397 418 0
20 &7 & 34 132 2 20161226 15 42 45 82.2 86.7 441
32 &3 =1 78 3 2AH 20161226 16 4 42 83.2 884 4219
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Wonju
Wonju
Wonju

Bone=ong
Boneong
Boryeong
Baryeong
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Ave Temp Awve Hum Awe {02
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53] 259 o7|F 5%

Milk system Parliy
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Automatic
Autormatic
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Automatic

Automatic

Automabc
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Automatic
Autormatic
Automatic
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Conventional
Conventonal

W W W

Conventonal

Animal_no Speed Letdown LF Letdown LR Letdow RF Letdown RR Tempemture  Fat
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379 231
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4
4
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2
3
2
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71 1.58
= 1.06
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™ 1.06
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&5 152
&2 132
72 1.32
&8 125
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7.3
356
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396
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5185
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358
328
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33 224
376 72
315 232
305 192
433 8.8
418 Zie
424 260
A0 256
347 248
452 252
361 =4

- 489
= 307
- 328
- 489
= 22
- 349
- 56.0

TMFR_intake Rumination Activity
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fam.no cowcode |sctationnum bithdsy  delverydate  date diagnods date milkyield conductivity sctlvlty Inner humid nner_temp Inner wind_spead  outé_ humid outer Semp  outer, wln!_sparﬂ
3 o 3= 2072 D07 = A0 T-DS O 220607 T 57T 0% 3 B mY (& 27 Ty
7“ al 1 80 5 2014-04-09 2020-04-05 000 2020-06-08 13 496 104 88 739 228 03 35 nz
80 5 0140409 20200405000 2020-06-09 2 508 moon 63 239 02 21 ne
3 80 5 20140409 2020-04-05 0:00  2020-06-10 -1 458 105 & 7 241 02 368 122
3 80 5 20740400 2020-04-05 000 2020-06-11 0 492 o o2 239 02 az na
3 80 5 e0e0s WA-0e0000 20012 _q g 2 a7 ws 8t 914 a7 03 454 w07
3 B0 5 20140400  2030-04-050:00 2020-05-13 -8 w07 850 48 03 34 125
3 B 5 20140409 2020-04-05 0:00 W05 67 823 232 03 403 ne
3 8 5 2014-04-09  2020-04-05 000 00 122 0 220 04 380 "2
3 80 5 2014-04-09'  2020-04-05 0:00 0s 16 824 26 03
3 80 5 20140409 2020-04-05 000 108 132 831 215 03
3 80 5 20140409 2070-04-05 0,00 108 160 862 A8 03
3 80 5 20140400 2020-04-05 000 w07 122 805 228 02
3 80 5 2014-0409  2020-04-05 000 108 U3 841 222 03
3 8. ‘5 0408 - 0 W06 15 e a2 -
3 8 5 20140009  2020-04-05 0:00 02 150 745 23
3 80 5 20140409 H020-08-05 000 04 151 75 u2
3 B0 5 2014-04-09  2020-04-05 0:00 12 126 220
3 B 5 20140400 2020-04-05 0:00 w2 208
3 80 5 2014-04-09  2020-04-05 000 108 10 28
3 0 5 20140400 2020-04-05 000 07 100 228
3 B0 5 2014-04-09  2020-04-05 0:00 s 120
3 B0 5 2014-04-09  2030-04-05 0:00 % s
3 8 5 201400090 2020-04-05 0:00 1w uo
3 80 5 20140409 H020-04-05 000 041
3 B 5 2016-04-09  2020-04-05 0:00 00 13
3 50 5 20140400 2030-04-05 0:00 w0z
3 80 5 20780409 2020-04-05 0:00 o
3 80 5 20140409 3020-04-05 000 05 2n
2 20170313 2020-03-22 0:00 86 106
ﬂ 2 0170513 2070-03-22 0:00 8 9
: 2 0170313 2020-03-22 0:00 w7
3 2 2017-03-13  2020-03-22 0:00 87 20
3 2 20170313 2020-03-22 0:00 CERNT )
3 2 2077-03-13  2020-03-22 0:00 -14 B 100 454 17
3 2 2017-0313  2020-03-22 0:00 2020-06-13 8 83 i) 125
3 2 201740313 F020-03-22 000 2020-06-14 -7 o% &2 na
3 2 2017-02-13  2020-03-22 0:00  2020-06-15 -6 10 93 nz
a 2 2017-03-13  2020-03-22 000 -3 84 n 1na
3 2 2017-03-13  2020-03-22 0:00 -4 o7 72 na
3 2 2017-03-13  2020-03-22 0:00 3 85 68 108
3 2 170313 2000-03-22 000 2 w7 ns
3 2 D\?«ﬂ}l? -1 8 53 112
JI— ] 2 270313 a o s o7
3 2 20170313 r 1 ET ) 124 [
3 2 20170313 2020-03-22 0:00 2 | B 123 08
3 2 2017-03-13  2020-03-22 0:00 3 w0z 20 123 1.0
] 2 0170313 0200322 000 F; 08 481 02 04
3 2 2017-03-13  2020-03-22 0:00 5 100 Bz 27 no 06,
3 2 0170313 2020-03-22 000 & ™ & 395 16 04
3 2 0170313 2020-03-22 0:00 7 8 s M7 i [
3 2 20170313 2020-03-22000 8 % 100 0z 104 08
3 2 20170313 F020-03-22 0:00 3 % N nr 54 21
3 151 2 0170313 2020-03-22 000 0 92 w7 412 103 065
3 153 2 2077-03-13  2020-03-22 0:00 48 88 75 230 408 na o7
] 153 2 20170313 200322000 441 w78 228 w2 na LE}
3 151 2 20170313 #020-03-22 0:00 411 5 & 23 419 107 05,
3 153 2 2017-03-13  2020-03-22 0:00 453 a7 74 213 401 108 0.5
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O

olojollw, B Ate] 2T SUd AT/|S co]Ele] $7} B o] FEats]o] FLA
o] W, 1xbsel B 58 dolENES F71H02 Fulstas.

ICT 78] B2 AolEglol2 245 E dlole] 5 A7 24 2329 22AHS7] clolelo]
G W A\5e 212 ARALE(E A0HAS 2B 715 F 2577) L5
2917 dloelot AR L dolelt fF, ML, BEW, FAYRLE, FAteln
SE,CFAARES, FAYRSE, FAULSE, FAURES o= QA3 AF

S ol ‘B o, AM= &, PHrE A w(fhRck AR, A )T F
]_

°%“§ '.=_* ‘EJE(E-E)

E,AF | COLORCOOE FR

FH 22 g HolHAEE o] &5to 24 dkolA Zid tileld dudE &=
st 2dl o] &5t

A3EEol T oialeld B2 BBl 2F UR(Decision tree) Aol MY
TYAE(Random Forest) % e B A8 oE(LightGBM)Y} Y2]d(Deep
learning) A€ ©& mAIEZ(Multi-Layer Perceptron) % £2tAl73%H(Recurrent
Neural Network), o|elo= =ZX|AE 3]H(Logistic Regression), Lo]H H]o]=(Naive
Bayes), X E HWIE jAl(Support Vector Machine)?] = 77§¢] &S HAE

9, olEe) it AthdoR thael 2xa97] HolHE Fgsto 759 DjAlely
7oz RElS A&t Ay, 24 U (Decision tree) A E9] %% A E(Random
Forest)& o] &3t @@lo] control GJoJE|Q} mastitis Hlo|ElS 3%/3%8 3&to] 1L&3H
ololel AMNEOJA 7H) =2 el T(sensitivity) 84%, Eo|%(specificity) 81%,
A8 ¢ (accuracy) 85.1%, AW &= (precision) 84%|2 UERHS

Y HHdS ATA0Y)= dAste, AYY oA nF (n weeks)d] Ho|HE U4
9 b W =l mastitis (unhealthy) ©jo]E, 7 o]A n& (n weeks)? H|o]E|S control
(healthy) FlojE| = ¥Fato] 153 HolEME2 RS SAAZ(Z7lR W o] 15
Glolei2 matel HolHAER 1%).

2

=

*Control  G|o]E|Q} mastitis G|o]gS  zHzt 2 /22(n=257), 3%/3%(n=188),
= /42(n=149)2 s}= o] A ELQ} control/mastitis/mastitis A1t o] &5 1 3Ist=
NEZR 253/2%3/15(n=232), 353/3%/1%(n=166), 45/45/153(n=131) HIo|5N ES &
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[#£3-17] 2FAL57] H°o]H(n=188)5 o]&sto] F+&5¢ L9 J& 7 2t

Performance, Decision tree Deep learning
LR NB SVM

% RF LGBM MLP RNN

Sensitivity 84.0 79.0 78.4 73.0 82.0 79.0 81.5

Specificity 81.0 73.0 71.0 72.5 78.1 75.0 82.0

Accuracy 85.1 78.8 79.2 78.1 80.3 84.0 80.3

Precision 84.0 78.0 79.0 76.0 81.2 80.0 78.0

*RF, Random Forest; LGBM, Light Gradient Boosting Machine: LR, Logistic Regression: NB,

Naive Bayes: SVM, Support Vector Machine; MLP, Multi-Layer Perceptron: RNN, Recurrent
Neural Network

O ol=jet 45 B7F Axte IAl 1AF H= R 27} A=ofA A

oAl g 23 gy A Belo] At vl@sto] w g Ay

O sfieoA gad 29 4% shgoll ol&d Holg 7iert & =%

5] WOIAIRE 2 WAOIA AEIT HAlYY 2Ho) A5

23 23 AuolA verd
7 o

> .
2 A9 AT 7IEA flolHz f5d HolHNEN=97)E °]&sto] 759 tAileld
2 st Al deld(Deep learning)A|go] & mAE 2(Multi-Layer
Perceptron) o] control H|o]E e} mastitis Ho|EH & 2%F /252 ot &3t
glolg] AMEOA M =2 delW =(sensitivity) 62.1%, 5o|%x(specificity) 62.8%,
== (accuracy) 61.6%, JU = (precision) 53.3%]& WUEFHS(#3-18).

[£3-18] AHATI|Z ClojEl(n=30)2 o] &slo] TE3t wo] L W} Am

1 TAT
o
ofo
> o
Hﬂ

Performance, Decision tree Deep learning
LR NB SVM

% RF LGBM MLP RNN

Sensitivity 43.0 31.6 45.5 47.3 57.5 62.1 54.5

Specificity 51.9 43.3 45.7 45.4 50.9 62.8 51.2

Accuracy 50.1 44.6 54.6 46.2 52.0 61.6 61.8

Precision 53.4 45.4 52.3 49.4 55.6 53.3 54.8

*RF, Random Forest; LGBM, Light Gradient Boosting Machine; LR, Logistic Regression;

NB, Naive Bayes: SVM, Support Vector Machine; MLP, Multi-Layer Perceptron; RNN,

Recurrent Neural Network

O oleigt At slelo] gy Adndo] s} vRetgS ) Wty 2 4 glov}, mu
50| & dlol§ 9] Zi47t 3071 Hroll HA] fete de 1Hside o & Go]E
FAE A&sH] St 5110151*11‘57} 4%% 3 ; = Jez Hel

-[o
OJX'

215t 21

O stx|g 271 de ﬂ}xﬂ 2 1 7153 B2, Uit ICT7171 9% MR AL £
T Rg7) HRURE AN HF F710) 6245 95192 KRBk oA
1.9%50] 2¥A97]2 Bostn Qone, HF A4S Wir WAL 53 & s
st 7o) 53
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Aol Egjlo| £3 ojjo|E "["3’35'- ZHH| Lkx} HREs HHLY Y
= BIAC AMAC N4 AGNNY WRYS By u§ RYIS WIS NRY  URB kg BAW % REW %
104 2020.01-21 M4E 4 2
104 2020-01.22 347 39 32
104 20200123 23 39 32
104 2020-01.24 314 4 32
104 2020-01-25 331 38 32
104 2020-01-26 EL 38 12
104 2020-01-27 366 39 32

4 1 2 2015-06-08 n
4 1 3 2007-10-23 &3
4 1 4 2019-01-08 54 2019-03-01

r 103 2 2016-04-05 51 -05-26 2016-05-26

7| 2HE HHEE

SEIE HHIE AHOEHZE 4%
4 1 002 083101868 2012-09-24
4 103 002083360315 2013-07-06
4 104 002083362584 2013.07-11

103 3 2017-05-04 56 -D6-29 2017-06-29
103 4 2018-06-13 58 08-10 2018-08-10
104 2 2016-07-04 52 25 2016-08-25
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W:.. Y Imay L ATHME agns cag
BRUAMEE (2012) o L o

| 7 10 |

------------------------------------------------------------------------- .
E neiy - - i
1 2020-07-20 43 )
: 2020-07-20 105 }
(Ol [gee 8 | @2 | 1| 8 | 07 220-01-20 B _2000-02-11] 160 | 230 B0 | A5 | B0 | 42 | 35 9%] H

W AT Huam

L BT e .- ——
ok TEELALEE 3012 =0 ECH
W P ST HENRE D AT A csm
v QRSN EEEE FEFLES AEZd Mey O HS
o ==
- o3 W AbE FE BTN .

! i
! mor [ =a (ool =R | s Hs i
e Ty COE g 55 28 =zewe 3R EY em 3 6cs :
! =1 40 W40 1B I il 10 i
)
1
i 50 gnusm = eme | gEe | oo | owmm [ uag § i
! omaas 8/ (kg g/ %) (b3 oH diny  @izy |
i 76, i £.45 H
l—'-::::::.::::::.:::::::.:.:.:T.:::.T_:::::::::::::::::::T—::::::::::.::T.T—:.::::::.::::.:
- :
1| == HEEG pOg o dgd sora o z3y 83 mez |
! 1
e 8,38 301 @9 a0 ABEHY ¥ 57 &5 0.20}
| a2 400,00 10,00 56 4000 SE 3 1323 1
: FaaARD 20,00 16, 00 41,0 1,90 CHAHE LA & Mcal 72,06 TH65 D,d'l:
: EIZAIAE 50000 1.00 179 3.500 TH AN = ] 317816 2826.72 351,441
| &5 000 oo 0,0 1] MET q 53,83 L 7,804
HITEE 560000 5,50 11 2’/ Lvs 8 12,58 17204 w5}
: iz 0,50 1.3 250 s 3 e Y. 1,151
i ol 3 103,50 40,883
e e e e o e
e Y R T

[23-29] A=Holy 4 & Z2 I3 415 Al Afg AT BuA ot#

3.3.3 01715 ICT AAAA dolel 2% BEsh 28 ALE7F BA, AAR)

Mna

O I1CT A ANE 7145 3 25 598 531 53
Hu2 EX otpe|52 ) AAtsln] o] Was
SEFA AlsE

O o g A

g Se AzAb ot 2] th2s] g, 2o oo guel
IRlete B ObE oyl 9 7Eo

2 2 A3,
O S5 & JJAll BAE AN AAE0] £ FF ool FLo, oA AFet Holely
SRAAZIA oo s 53T JIAl AElE WUt Aguel JAEge
Aaystd) oj2igol zed 4 9.
O olalgt 2AEe E3 £ BAe A7 B g0l B 5L 7} 5

= F shtel 24 AL
73 —



S0 e AT U AFPE LLAFS BESHE Bl BA & S

O WebA, £ A7e A2 Ch2 AA A AlABI0 2 REl YL 29 4235 AR dlofe]
FolME 58] ohpol MAE RE PYEE 50 AR BEY YU FUSHE 222
Agst] gsh A= 9.

O 2 A7t AIAR(IAS8) d7=ng ICTHols st o] Ustol}, 2=
Sl i 5} 3% 5ol ofelgeR U3 ALASEU ATNEY B BYT 2
Fdtistn S2AAATHE N st 2oz BojsEe

@ o171 ICT AR A4 dolel 23 873 75

O mESF A7o] FEF ICT A AAE AR 2dxF B2 Y57t ICT7]7] Bedd 2AY

A7 Aupo] ofet FY st b BeotT Qb AEoR MR

- ARAY 15FH A,

& 1Z%(smaXtec, QAEZ]opho g =

uge), S2o0ld 25(S

- = [e)

4%0] MM AHA

LSS

[#£3-19] T4 A8 AIA Al2H 7] FE A Hojg A FE
AZ3 A=A / AE=7F A& AR
@O CowManager SensOor Agis Automatisering B.V. / Netherlands H
@ cSense Flex tag SCR Engineers Ltd. (Allflex Europe SA) / Israel =
® Activity meter system DeLaval International AB / Sweden =
® SmaXtec classic Bolus SmaXtec Animal Care GmbH / Austria S| el
A& A As T= qn F=
O® CowManager SensOor | 7h&k, 2= | i, ¥F, 2FF, 4, A 2= 2, A
@ cSense Flex tag = ] S A ubxl 77}
® Activity meter system A= g5 i)
@ SmaXtec classic Bolus | 7[&E, 2% g5, Y 2 9, A%
AZ3 dolg A5 @ 74/
@ CowManager SensOor minutes/hour, percent/hour 24
® cSense Flex tag unknown unit/2 hour 12
® Activity meter system unknown unit/1 hour 24
@ SmaXtec classic Bolus unknown unit/10 minutes 144
O U S=AFAATAE A Als S0 AlRS 975 JAlSHA(E=d3dA" Qe
202009A-CNU-121), FA& 159 4+91 AAE AR
- RE AN MAIL 9 259 AF YREACN, 52 A /NS AX 109 F& HVE B

4 dolelrt 4785 n

AA

ol o

O -
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[CowManager A (HEAYE 15)] [smaXtec AA (YUAAE 15)]

Delaval

- SCR AIA(Z

CowManager 7;1_1/\1 (H
smaXtec AA(HUHAUL

e ——————

Bl o S N
=y

[DeLaval & SCR Al (2Zo|d 2%)]

[1213-30] FThehL 24 U A12-90] WANA A 2%
AY)e 2eres wale] AwE AmEg ol HolEt 2AH,
ARE Aol MAEE AR AZE02 Holgr} 2

AA(F2old):

A1) xdsx FA / WA A / 108 D2 dlole Ay
) WebAtollA] Slole] 7i8 A4 / AR, @2 AR/ 147 @
SERSD P

Wil ol A4 $ parsing / 1AIF @Y= Hlolg A4

2018): xlsx P4 / JHAE A / 2413 9= Hloly 237

active eating highActive notActive ruminating

2020-09-09 5:00 24.62 3.08 0 66.15 6.15
2020-09-09 &:00 23.08 13.85 10.77 12.31 40

2020-09-09 7:00 1.54 3.08 73.85 20 1.54
2020-09-09 8:00 16.92 9.23 52.31 15.38 6.15
2020-09-09 9:00 34.85 1.52 0 40.91 22.73
2020-09-09 10:00 16.92 4.62 1.69 43.08 27.69
2020-09-09 11:00 27.69 0 1.54 43.08 27.69
2020-09-09 12:00 12.31 0 0 23.08 64.62

[173-31] CowManager AA|(HFAR) HlolE] 4] F4
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Animal name

6

Official ID/Ear tag number 002087006604

Serial number 1700012815
Number of datapoints 3776
Exported on 06-10-20
date timestamp temperature °C activity = Temp Without Drinkcycles  Mormal temperat Heat index
18-09-20 14:30:00 39.55 8.64 39.71 0.13
18-09-20 14:40:00 3177 9.37 39.71 0.01
18-09-20 14:50:00 38.52 9.91 39.71 0
18-09-20 15:00:00 38.89 10.37 3971 0
[273-32] smaXtec AAM(HUHAUF) HIolH 2%
CowNo |RecordDate | Actlevel | A0 | Al [ A2 | | Acta | ActS Act6
6 2020-09-25 63 11 10 9 10 2 15 16
6 2020-09-26 85 1 10 15 7 6 7 8
6 2020-09-27 103 10 6 7 4 5 12 11
6 2020-09-28 106 10 6 5 5 b 5 9
6| 2020-09-29| 121 10 7 14 4 9 5 6
6 2020-09-30 83 13 6 14 11 2 5 12
6 2020-10-01 100 21 11 7 13 8 5 10
6 2020-10-02 92 5 17 19 8 6 12 13
6 2020-10-03 112 10 27 5 17 4 21
[1=3-33] DeLaval AIA(F20]%) HofE
7HA i AlTH =apor o DAL | B A BE EIEELE | QA[FE EHY =2 #Ez 2523
Hs = =SS m AnoH FAZ AUFE BET EE =g E'=‘+ Hioiy
1 |9 |2020-10-15 |27 12:00 |2017-07-02 2 |14 650 [530.0 267 2
2 9 |2020-10-15 L2H 1:00 [2017-07-02 |2 |659 330.0 [ _
3 9 2020-10-15 |28 2:00 2017-07-02 |2 |47 659 520.0 -17.6 -27
4 :9 l2DEU—1D—15 .Qﬁ 3:00 EZDl?—U?—DZ .2 | _659 _530.0 [ |
5 |2 |2020-10-15 QH 4:00 |2017-07-02 |2 |52 |639 330.0 |-10.1 |-24
& :S‘ lZDEEI—ID—IS :Si’ﬂ 5:00 5201?—0?—02 .2 | _559 _530.0 _ .
7 :9 .2020_10_15 .Q:ﬂ 6:00 :201?—0?—02 .2 :?6 _659 _530.0 _—11.6 ._23
8 9 lEUlEU—ID—lS LF 700 -201? 07- UZ .2 _?59 5_3EI.U [ [ |
9 9 2020-10-15 |27 8:00 :201? 07- I:IE 2 |38 659 530.0 -12.8 -5 -23
[2=3-34] SCR AIM(F20]9) dlole 4 B4
27 EFS} 29 L Yo B
O 22 7T g +H52 Hsto] 4" AN 459 EﬂOlEie o, {520 2%
A AUNYYE MM e FARRE iglo] #AE S, 5HX A ] 4 e-oll=
ke AAel SAN WES e 4 YUAS
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srmaxtec

Cowmanagei(active + high activa)

L

[13-35] AlA 4% Clo]E (x5« 717t

O &2 27t Holfy a4 Al 24 9y =9 52 Sl AIA HolHE BAsh= Ads AA
5tal, &% 9HE 7HAl+= dHlolH g Wgtsts LHlS VIS oy

- 75 EAIM(HOBO pandent G, Onset) g2 &8 7H5 = AHol8 &4 £ AlA HolE|(Y
1|52 Sl ALt glol8)et vlw A AA]

- 7HAIE A E5Fe CCTV F4 852 & WEAPE AN A&t & AlA HlojEje} vl
A AA]

- 3§18 9QlAl(pattern recognition) 7|H-S E3t AlA] flo]g] 4% v|m BEA AA]

[£3-20] Al AJAEN 8 F5sd Hole Bd A ¥ &8 O

o] A4} tlole], 1%)

AEY ED /2 £ T9ER)
® CowManager SensOor | minutes/hour 24
@ cSense Flex tag unknown unit/2 hour 12 unitless/hour
@ Activity meter system | unknown unit/1 hour 24 (L 2470 3 =%)
@ SmaXtec Classic Bolus | unknown unit/10 minutes 144
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3.4 e Beist wF A U AF @A EE)
3.4.1ICT §2¢ Wrolelg 83 #Y A vde] nest L A3

an
- 20200 wlRg Ao AX| 2 HE 20204 % 14371, 20214 317719] Qupel AZio] 47|12
1259lon, 2 LS 98] 239 7152 DBatat

Al B 7 7] | Ne FarmMNo Date CowNo  Dizease

‘g % lmws_[ﬁ I : 1 1 2020-01-27 45 Mastitis
‘ e 2 1 2020-01-27 57 Mastitis

N 3 1 2020-02-06 47 Mastitis

= 4 1 2020-02-12 57 Mastitis

GRael 5 1 2020-02-12 7 Mastitis

i I 1 2020-02-12 2 Mastitis

i 7 1 2020-02-14 1 Mastitis

foidiee] ¢ L\% > 3 1 2020-02-20 1 Mastits
b v | 50| 93 ' ™ 9 1 2020-02-20 47 Mastitis
/ | ‘_‘ | _’L 10 1 2020-02-26 57 Mastitis
- -'f/[.:/ﬁijo 24 _Lﬂ;[ L 11 1 2020-03-01 50 Mastitis
12 1 2020-03-01 34 Mastidis

Fez ey s N 13 1 2020-03-02 & Mastitis
W g T4 5S o ke o Sy on $8 TTiE 14 1 2020-03-02 57 Mastitis
o 2 : 15 1 2020-03-12 24 Mastitis

@ ¢ 16 1 2020-03-15 1 Mastids

° 17 1 2020-03-30 24 Mastitis

x ] * 18 1 2020-03-30 1 Mastitis

x : s 19 1 2020-04-23 5 Mastitis

x : : » 20 1 2020-05-04 5 Mastids

: : 21 1 2020-05-30 28 Mastitis

: 22 1 2020-06-07 30 Mastitis

: 3 5 23 1 2020-06-09 28 Mastitis

23 3 P 24 1 2020-06-20 47 Mastidis

> v : 5 25 1 2020-06-20 23 Mastitis

= o 5 26 1 2020-06-28 24 Mastitis

2 5 5 27 1 2020-07-08 2 Mastitis

3 e : 28 1 2020-07-08 33 Mastitis

[143-36] Y 715 DBs} A

O & 7AclEdolE &dl oA R Z2Al2" ICT 5% YHolH27E 23 /g HlojH
%% 9 oojelNEst
- UG AT B2 Har RE ARSHN e 17 AR, EE5Y, 25, 5& b
olHE &&
- #9250 AL 48 dolel AL otz Gaelas BAD dstol £ 7 3
(£ 499 HlolEl 2 gyeol ofd Aol doleNE LRl Fulg,
[#3-21] ICT 55 BEH/OlIE J£2E W &8& HolH
NO | & gol =% Hol=71s Eol =4 & dolE
1 farm_info AN E 2AF AN A E RN
712 E
2 cow_info AR | A 7R R, Y, &F b k-2
3 | AR Y | cow_day_production | 7HAIZ L4t | HAl 22 ARSS £ £2 | RF AEE
4 | 4742 | cow_biosensor AAIAADA | A 2L S5 WA 25T
5 | AFFAHE | cow_lactation WA AR} WA Abx} Butel 79l Abx}
6 | ¥4 E | barn_environment FAEH 22} 255, 2R eae
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[#3-22] ICT 55 BEH/OlE J2E W &8& HolHy

NO ;m% ohﬂaz;
1 7573 B} AF T AE(Random Forest)
2 (Decision tree) | gajolE YA E(Light Gradient Boosting)
3 gy t= HATE 2(Multi-Layer Perceptron)
4 (Deep learning) &3k Al7d 9 (Recurrent Neural Network)
|- of2l 72 B E2l(Decision-Tree)d BHEOI 715 HEH UE TaE
* WY ZYAE (Random Forest) - 21 Eeist Foaturo) A8 HAU + US
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« LCtE HYEZ (Multilayer Perceptron)
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« &8 4% (Recurrent Neural Network) o
HEC wEY BE &5 83 Lol 4= D0 '
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- lll'b
. 2y ua 1 ] L] 24 g
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D=7 p-6 2 o-1 18 l’
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L2 Suo| 22 7YTHLE 1UHMKS| DE HOIEE SiLIo| 22 HOJEZ AAIBH| mR0) UEHS) sl
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J2jL 1 GlojE] RF2E Q15 E2| HH(RF, LGEM)0| O E2 458 =Y
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o0R
58]
o
N
=
e
o
10
&
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R
o
ol
u
k1
ic
o
N
=
oL

E=-geld AILFIsEE A1)

fUE A 2 et 9 A5
FUE o5 QA FAE A
32 Aol £33t 1A Q) e A 2 JRgo e Uvh dsrtold dg 4 e 55
M WAES RE G o5 AALR HEiste] 29 Jfgof o] st oLy, JiE WAt 2
ol uep melo] gy Wsks FASKE 2otAS
ThebA], 2 Ao E AT ndo] AFRE|E HAS0 ZQr 2 HAESYS.
W4 gFRg FANCR AAY 4 Y YA 37 2olo] ofd vjAlzd 2ol
o #of], dFES &Qlst A}l st= WH4S 2E 7 TAoA st 7iA A|Qfst LElo] 5
g USRS
[#3-23] WY ZAE L o] BF WL ST HAE Ay
- oo Ho
e’ ot 33| ex A9 | $E A9 | 25E A9 | =T A9 | §F A9 | 5 A9
17 75.0 67.0 67.9 66.6 77.9 74.0 74.5
o| & 73.7 04.4 67.2 65.9 76.4 74.5 73.0
sho 73.8 06.1 67.3 66.6 77.1 73.7 73.8
=i 80.2 63.8 70.2 67.5 77.9 72.5 73.7




[#£3-24] J2HAE RAE B o]t Wy $o%F HAE Zut
e o 2 45
e 25 2| 2= A | 5= A9 | 25E A9 A=k A9 | {FF A | 5T A
e 59.5 52.4 47.9 53.7 59.5 57.6 59.5
Sol% 58.4 50.9 45.9 52.9 58.4 61.0 58.4
qete 59.2 51.6 46.9 53.0 59.2 57.9 59.2
Hqu= 61.4 54.2 44.8 54.7 61.4 56.4 61.4
[#3-25] b5 HAIEE RS olget ¥4 $8%: HAE Ay
. 29 4%
N 9%
° 25 2] 2= A9 | 5= A9 | 25E A9 AR A9 | {FF A | 5T A
o) d 75.8 68.3 63.3 55.0 76.6 73.5 75.4
Eolx 75.3 67.5 62.5 64.2 75.6 717.0 75.1
Spide 75.7 67.6 62.6 55.0 75.4 73.7 75.2
[z 79.1 71.5 65.9 56.9 80.3 73.1 77.4
[£3-26] 3F X179 ndlS o]83t ¥ =9 ¢ HAE ZAnt
, 29 4%
HNe 9%
°° 25 xd | 2= A9 | 5= A9 | 25:=AY | FAEE AR | £F A9 | 5T MY
A 65.5 60.8 53.7 45.0 60.7 60.3 68.1
Solw 62.1 61.1 55.9 43.2 57.6 63.2 67.7
qee 68.3 65.3 58.3 51.1 53.8 68.8 72.9
HAu= 71.2 62.2 50.9 49.8 59.8 60.2 70.8
- 322 A VA i (R AR, 25, 25 55) 5 AREE AlQstl e e
7} melo] Hetw spiyo] ek njAon], 1 Fo|ME 2557} Relo] sty spAbo] F1
2 9L UAE £08 WAl HAH9Io, Sy o5 B AR AlH S
O 789 A & &40 g 22 g5 Heh =l A+
- 3xh Aol 2RE UE AL 14302 o F B Jjue] BE 5 AZi(Clele Bel
d 71&0l WEshe A2 & 30011, sig dlolE S o]&ste] e A gt
& W3-273F 2ok
(£3-27) 3%} Aso] LY §d AT 22 5 (0 - 30
e 23 uF A< weld A
= Az AE | JFOE RAE | oF HHMEE | 23 AZEY
Q1 = (Sensitivity) 43.0 31.6 62.1 54.5
£-0] = (Specificity) 51.9 43.3 62.8 51.2
J& % (Accuracy) 50.1 44.6 61.6 61.8
A9 & (Precision) 53.4 45.4 53.3 54.8
w A AR A 789G AR 312?10]‘34, o] & = 7ido] & 7t ARl
847402 3z} dAwo] v|a] 28] o]At =7}6tY
- 571 HIolHAIES o]&sto] RRES OA] &5t Ayt 459 aEE § ] ¢ E

A AErg o] sFAfo] &l 98 (13.4-8)
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Dataset 2

Dataset 3

Dataset 4

Dataset 5

Dataset 6
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, ,..—::,:,__, 1 Nan-mastitis data W ) Mastitis data

(Data point: 4) H | (Data point: 4)
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-21 -20 -19 -18 -17 -16:-15 -14 13 -12 -11 -10 -9 B -7 6 -5 -4 -3 -2 -1 0 +1 +2 +3 +4 +5 +6 +7 +B +9 +10+11+12+13 +14

> | Nonmasiitis data M1 Mastitis data

i i T — T — 71" (Data point: 5) i 1 (Data point: 5)

=13 Ql =
<ddy 29" =7] AT
Alarm Clinical sign
.l | 1 Il ! 1 1 1 1 Il Il 1 Il | Il | 1 Il Il 1 Il ! Il 1 i 1 1 1 [l [l I ! Il Il I o
| N S P S S SN R R D D R R R R RN N SR S N R D RN E R R RN SN R R N R R SR R |
-21 -20 -19 -18 -17 -16 -15 -14 -13 -12 -11 =10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 +1 +2 +3 +4 45 +6 +7 +8 +9 +10+11+12+13 +14

:.._,:._.“_.H_,:._.H_H' Non-mastitis data :._“' Mastitis data

[l i 1 1 1 1 (Data paint 2) i 1 (Data point: 2)

| I N (NS TN NSNS (N U S| SN (RN GRS NN NS (SN NN | SN NN SN [N N (NN [N (N NS I (N (NS (NN YN O NI M (N S0
S B D A A A B B A A I I R R B O AN N N R N RN N I E EE E R BN R
-21 -20 -19 -18 -17 -16 -15-14 13 -12 -11 -10 9 -8 -7 -6 -5 -4 -3 -2 -1 0 +1 +2 +3 +4 +5 +6 +7 +8 +9 +10+11+12+13+14

I |°_IT¢=’—13==._,: : Mon-mastitis data ; Mastitis data

o111 W™ (Data point: 3) ' | (Data point: 3)

SR T T TR TN N N AN NN AN NN AN WA SN SN TN SN Y TR NN TN SN TN SN NN SN NN SR SN SR SR T TR N N
| N S N R D R B R R R S R B R N R N SR R R R R R B EE R S B SR S N R R N —|
-21 -20 -18 18 T? 15 -15-14 1312 11 110 9 -8 -7 6 -5 4 -3 -2 -1 0 +1 +2 +3 +4 +5 +6 +7 +B8 +9 +10+11+12+13 +14
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| |*—|;:l:*|_.| | Non-mastitis data e ol Mastitis data

(Data point: 4) H | (Data point: 4)

OV N (NN (Y SN KA RN NN NS (NN NN NN AN [N SN [N [N NN (Y N (NS AN [N SN NN S NN SN (N RN S [ [N N N
T T T T T T T T T T T T T L T T T T T T T T T T T T T T T T T T T T T 1
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:"—izi:i.—_'a'._.: : Non-mastitis data :,—,: Mastitis data

VT T (Dms point 5) i 1 (Data point: 5)
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S N D e R E S N B N E R R R N R N RN S N R R R N RN SN RN RN D R N BN RN S S S
-21 -20 -19 -18 -17 -16 -15 -14 -13 -12 -11 -10 ¢ -8 -7 -6 -5 -4 -3 -2 -1 0 +1 +2 +3 +4 45 +6 +7 +8 +9 +10+11+12+13 +14

._..._..._...._..._.:._.. Non-mastitis data ! ol Mastitis data

i i ] i i 1 (Data paint 2) 0 | (Data point: 2)
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-21 -20 -19 -18 -17 -16 <15 -14 13 -12 <11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 +1 +2 +3 +4 +5 +6 +7 +8 +9 +10+11+12+13 +14

v L—O;:u_, I R | Mastits cata

' ' | ! M= (Data point: 3) | | (Data point: 3)

JETe [N [N (N NN RN ([N (NS S [N | | SN[ S (S (NSNS [N S SN [N [JN [N (NS S (S USSI S (N N (N (NN | S| | [N NS [N (R
| N S N E B R DN N R R S R BN R N NN N EEN R R R R N S NE RN SN B B S N R R N |
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TR ) ) Nonemastis data e ! tastitis dats

11T e—r—r—» (Pata point 4) H | (Data point; 4)

OO0 S (N (SN (N LSS [N [N [N (R [N LS [N M SN [N [N NN (N M| S [ (S I N (NI [ () S N L [ I [ [N

I T 1 T T T T T T T 1 T T L T T T T T 1 T T T T T U T I T 1 T T 1 U T 1
-21 -20 -19 -18 -17 -16 -15 -14 -13 -12 -11 -10 -9 -8 -7 -6 -5 3 -2 -1 0 +1 +2 43 +4 +5 +6 +7 +8 +9 +10+11+12+13 +14

Mon-mastitis data
(Data paint: 5)

1 1 1 1 Ll 1 1
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1 1 T . N
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S

M——— g Mastitis data
| (Data point: 5)
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Hialegld dae|E2 WY ZYAE, J4AE RAE OF HAEE, o8t AW 453
D& HAESHOH, o digt A5 A+5TolA AR AlolEYo] HolHE 102
5ty IS 58, 171E A5 802 5= 10-fold cross validationS o] &35t AA|5HY
(@]
iz TEE IdH fUdS 27| Aldstes 222 24 4T Alge HE 2 AE Lz
oz Jjurel vHo] FPF 948t A5S LIERYQIS(#3-37 ~ E3-40
[1£3-37] Y ZHAE du&EZ o8 fUYE 27 A" 29 Js(Sils TH)
. go]g] Zo]
ZRATY 45 5 3 4 5
D-4 azte 47.7 54.3 55.3 59.7
Eolx 47.0 53.9 55.2 59.3
Ast g 47.2 54.2 55.5 59.5
A 47.4 54.3 55.6 61.5
D-3 a7zte 47.3 51.8 54.5 55.3
Eolx 46.3 51.1 53.3 54.4
Aste 46.6 51.8 53.5 54.6
Aol 46.1 52.5 56.2 57.3
D-2 azte 48.8 54.2 51.8 52.3
Eo|l 48.3 53.3 51.2 51.5
Aete 48.5 53.5 51.6 52.5
Az 48.6 57.1 51.9 51.1
D-1 a7zte 67.0 58.7 56.2 57.7
Eo|lx 66.5 58.1 55.3 57.1
Aste 66.7 58.4 55.7 57.7
Ao 69.2 58.9 57.4 60.0

2EUYY | A5 ; s B -
D-4 ] d 47.2 53.0 51.3 54.0
Eo|x 46.7 51.7 50.2 52.9
RNEre 47.0 52.3 51.2 53.6
A e 47.0 52.8 52.4 53.0
D-3 nie 46.2 53.8 47.2 59.0
Eo|x 45.1 52.9 46.5 57.4
RNEre 45.5 53.5 47.1 59.3
Az 46.1 55.2 46.9 55.7
D-2 ] d =S 48.0 52.7 57.3 55.2
Eo| 47.0 52.0 56.2 53.8
REte 47.2 52.4 57.2 55.3
Al e 49.5 53.2 57.5 55.6
D-1 nZe 67.2 60.7 59.3 62.5
Eo|x 66.2 60.0 58.6 61.6
Rete 66.7 60.4 59.2 62.5
AU 69.9 62.0 62.0 61.4

- 187 -



SRATY 7 :
D-4 e 46.5 47.8
Eolg 45.9 47.3
Sk g 46.9 47.7
Pshsil= 44.6 47.5
D-3 izt 59.0 56.8
Eo|x 58.0 56.1
st 58.2 56.6
I 59.4 57.6
D-2 7t 57.5 50.3
Eo|x 56.4 49.4
PSEoi g 57.4 49.8
Pshsil= 57.1 50.2
D-1 izt 52.7 55.7
Eo|x 51.8 54.8
Skl 52.6 55.6
Pshsil= 50.9 54.0
[£3-40] &g Al 12l E&Z ol &gt Y & 2 Je(sils
7lo]
SRATY 7 :
D-4 7t 48.5 47.7
Eo|x 47.6 46.9
Sk g 47.8 48.6
Pshsil= 47.8 48.7
D-3 izt 57.2 58.6
Eo|x 53.3 53.5
st 53.5 53.2
PSRl =g 52.7 52.3
D-2 7t 53.8 52.2
Eolg 58.5 54.3
PSEoi g 58.6 51.2
Pshsil= 56.7 51.7
D-1 izt 52.1 54.2
Eo|x 52.7 51.4
Nete 57.1 53.1
A 58.3 53.8
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O I O|N | [ | =N O |||
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13] 015 TAIER ATES o18F 9uY £7] AT 2U 458 AY)
suRgy | A4 o182l
2 3 4 5
D-4 =] d g 50.3 52.3 46.8 59.2
Eolx 49.2 51.0 45.1 58.6
As e 49.9 52.1 46.1 59.2
AU o 51.9 55.6 43.5 59.4
D-3 =] Pd gy 42.5 51.5 52.5 56.2
Eolx 42.2 50.8 51.3 55.8
Aste 42.8 51.2 52.1 56.7
Ao 42.1 52.1 53.4 56.3
D-2 =] d A 46.3 33.3 45.8 45.0
Eolg 45.0 32.3 45.0 43.9
Astg 45.8 33.0 457 45.6
AU g 45.2 31.1 45.6 45.0
D-1 2] Fd gy 47.0 49.8 51.2 47.3
Eolx 45.8 48.5 50.5 46.4
Aste 47.1 48.9 51.1 47.8
AU o 449 47.8 51.7 47.3
=g AE4Y & ol fUY 27| AY 29 F5(&S A1)
2gagd | 4% Aol 2ol
2 3 4 5
D-4 =] d gy 47.3 49.9 48.1 57.3
Eolg 48.4 47.9 49.3 57.3
As e 43.2 49.9 49.0 57.3
AU o 46.7 49.2 48.8 555
D-3 =] Pd 4=y 47.1 47.2 52.0 56.2
Eolx 43.2 48.3 53.8 51.2
Aste 44 .4 41.2 51.1 51.2
Ao 44 .4 44 .4 51.7 53.7
D-2 =] 4 A 51.3 49.5 48.7 42.3
Eolg 50.5 51.1 47.3 47.6
Astg 50.1 52.3 46.2 46.7
AU o 50.7 57.3 47.2 48.3
D-1 =] Pd A 51.2 53.7 54.2 47.1
Eolx 52.8 51.2 53.7 46.5
Aste 53.0 53.2 57.5 42.3
AU o 53.2 53.3 57.77 47.5
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D-3

D-2

pg || O o (g | k| O [aN |l |k | O |aN [nd 1| O ey
AR R AR N R AR AR R R R

oX o | Jm |2 o2 o2 | Jm |2 | o2 | o2 | |2 | o2 | o2 | Jm |2

62.3

65.8

D-3

51.5

50.1

51.1

48.7

D-2

55.0

54.4

55.0

54.1

59.9

59.6

60.2

oX o | Jm |2 | oX | o2 | Jm |2 | o2 | o | Jm |2 | o2t | o2 | Jm | rE

= e A= U I = T e - A 1= U B )
AR AR R AR AN R AR AR R R R AR R R

60.9
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B3-47) T} HAIEE YTelES o83 S 2] AE B HECMD)
SERUY | 4s R
2 3 4 5
D-4 ] d S 45.0 63.5 48.3 54.2
Eo|x 441 62.7 47.5 54.0
REte 44 .6 63.0 48.0 54.2
A e 446 65.5 48.9 54.8
D-3 Nz e 57.3 58.0 55.5 51.5
Eo|x 56.6 56.9 55.2 51.0
NEre 57.2 57.1 55.6 51.4
Az 59.7 56.5 55.6 52.3
D-2 ] d A= 47.0 53.0 51.5 53.5
Eo|x 45.5 50.4 51.0 52.9
REte 47.0 53.0 51.2 53.1
Al e 44 4 48.3 51.5 54.2
D-1 nZe 443 58.3 57.5 57.0
Eo|x 43.4 57.8 56.6 56.9
RHete 43.9 58.2 57.0 57.6
Az 43.5 58.7 57.9 57.1
E3-48] £8 AT LRAFS 08T S 7] W 2 A 5(CMD)
sumgd | A% SIR=s
2 3 4 5
D-4 ] d 42.6 65.1 54.4 52.6
Eo| 46.3 66.9 54.6 53.7
REe 42.1 68.8 55.2 57.2
A e 42.8 69.2 55.8 51.7
D-3 =] d 55.3 56.1 47.4 51.1
Eo|x 57.3 57.1 42.6 52.8
NEre 58.9 58.1 42.1 53.2
Al e 51.2 55.3 43.3 57.1
D-2 ] d A= 51.2 43.8 47.9 56.1
Eo| 55.5 47.2 42.3 55.7
REte 53.3 42.4 47.3 55.5
A e 53.9 43.2 47.8 57.2
D-1 =] Pd i 51.2 61.7 59.2 61.1
Eo|x 51.5 59.2 59.8 63.6
RHete 53.2 63.1 60.1 60.8
Az 52.2 62.1 58.2 60.8

rlo

o HE
N

M

=2
b
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e +3a 2 SoF Ak CMT ZAA}
AE 9 19A™ TR 29%] by 39X 7R 9 49X AR
— 4ol 3UX| HoJH 3UX] golH
A 5174 4874 477
s JdgAE BRAE de ZYAE <8 AFY
e, % 67.2 62.5 65.1
Eolx, % 66.2 62.2 66.9
Hale % 69.9 63.6 69.2
XNt % 66.7 62.3 68.8

- 2 A9 Aute VIE VMY =2 S e 1 AY(1A W= 2ot vlustile o
oF 20%p I Zlog UEtHE.

- oFX|Qk, 90% ©o]Ate] =2 o|& Hd5S H13t F3(de Mol et al. 1997; Mele et al., 2001;
Miekley et al., 2012, 2013)0|M+= Z£7] 15k9] 7f\do] &FTE]o] X A (HoJE] N EO A
T o]g9o] goJH & st AXF Atime window]E W, & 4T 2749 Li= U=
Gl &, AT o] WA= 7-1029] HlojE &3

- ol & + +dgs 2710 Wists 2Ho] obd HP s7F07 =20l HA] 47
o, ¥ =d=0lM AHESh= Hlol8 NEQ] Zol7t A&Ao]x| ofthal B st vt Q&
(Kamphuis et al., 2008: Hogeveen et al., 2010: Khatun et al., 2017).

- 27] AH1E A, 34 A, bd A AT s Zx=2 223 7fEst F3(Nielen et al., 1995a;
Nielen et al., 1995b; Norberg et al., 2004; Kamphuis et al., 2010a; Kamphuis et al.
, 2010b)=t B]wsto] & Ao 7t R Eole= WAY JASIAAIT & 4 =
2 YRS HUSUIE BAY US| WL 40%-68% ).

3% & Ao ARERE HasEo ¢ W2

@ A4S Aged, & 97 1% 2398

N
N
ot

rOl'
fujn
=2
o

7
1oz, 2 ApoAl o] gt EﬂOlEWIEL AFgoR e 28 242

- é%ﬁﬁi = Od? oAM= =elollA 7igd 2230 vlsl 1L o5 50l 15 o =22
= 7iEE = QUIAIRE GlolE MBS Rt 2= WAl S/ F70A Rtol7t 9l
e AlRMARD ol 271 AHe] 85 7]1E Sd S fABH 248 4+ AT+ &

© 2 Ho|EAEQ] et thy/do] Aol fYstr] migof,
<t dlojEfet A3l A9 715 0] AEAe=
7t 49 585 dH AUE 42 & A HeR AR

|

uﬂ

- oRlEto 2 F9jo| 39 olofe] £ s|ykn B o] 4ol TR FHolurh:
2 mejsto], B A7 olole] 2A9) s|yto] ARG FU) TN BvksILY A8 Hole]
L w7122 A4 02 2SR HolEg slof BEE YBHOR AU Ax| AP
241 o7} icka e,
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3.4.2 0]7]& ICT AAAA glolg 2x] BF35 od st
ICT AN 25 23 g Holguola 25
O ICT AN 2EE 5

7
2 o7 3aF de Edoistn

®ES}
5]

of

—

d 25 HolgyolA 5

- 2ol 2XIgh 4%59] 27 ICT AJA|AIA (#3.4-28) 2 5

12 ,862711(120 o]/)e] A4 e folg =hH (®3-50)
[#£3-50] &30 AREE ICT AN 557 U AEAF JE
AN=9 RZEA / A E=7} 28 A
@O CowManager SensOor Agis Automatisering B.V. / EHCE H
® cSense Flex tag SCR Engineers Ltd. (Allflex Europe SA) / o] Azt =
® Activity meter system DeLaval International AB / A4l =
® SmaXtec classic Bolus SmaXtec Animal Care GmbH / @A EzZ]o} Sl
[£3-51] ICT RBANAMR2EE 2A1E =2k fo|g o] 7|&EA W
e AMA 57
(unitless/2h) smaXtec Delaval CowManager SCR
glolgf & 12,862 12,862 12,862 12,862
g 10.8 32.8 5.5 34.3
BEZER} 4.28 42.27 6.15 9.39
Ak 0.2 0.0 0.0 22.0
E3m FAy 62.1 226.0 56.0 119.0
O ICT A AMAM2EE 248 253 gojgHe 7|2 &4
- 2R 255 YlolE & o] &5to] ol 24A|7tof dist ZF AT ¥ H-S AFESH At Al
4% 7 LE5o] Helrt fAfsE o] 2Rl gl o, o]= A -F|T(Min-Max) JetS AA]
St 4 FEoHA ST 5 QS
- A A4, 540] Al 28 (DeLaval I SCR)1} §HEAAAR Al (smaXtec)= A]
2 0jR &2 A = 0.9 o)) E 7Y, HEAY MM (CowManager)?] Z3-2-ol= 1
HA] AMAeE 0.7 o] A E 7= Fo=z =Ql=
- A S5 o] el 9 o 242 Foff Al SAE FE/do] EAE Aoz o4t
RO, o]F o]&stH HFS o] T &8 Thsst RHlo] yjo] Vs o= Tk

120 A 12
100 ! \ 1
80 ”."’ ",.: / : 08
60 l‘,‘y / \ 0.6

e s 04
, A

12:00:00 2H 4:00:00 2H 8:00:00 2 12:00:00 2% 4:00:00 2% 8:00:00 2% 12:00:00 2H 4:00:00 2H 8:00:00 2 12:00:00 23 4:00:00 2% 8:00:00 2%

—&— Smaxtec --Delaval CowManager

@2 golels

--m--SCR —&—sSm: --Delaval CowManager

A2 BAsh

--m--SCR

[1=13-41] ICT AZAAA &

off

2F
[¢]



[#3-52] ICT BANMAMZRY 2489 & dlolge] 7lssAY

smaXtec CowManager DeLaval SCR
(SR AR) (A2AH) (22013) (270]1%)
smaXtec .
(21 AR)
CowManager
. 0.85 1
(AEAH)
DeLaval
_ 0.98 0.77 1
(5Z2013)
SCR
_ 0.95 0.89 0.92 1
(5Z2°13)

+Hinkle et al. (2003): ¢S (0.00-0.30), %< (0.30-0.50), &7} (0.50-0.70), =< (0.70-0.90),
02 =2(0.90-1.00)

A8 B2 WA 28T nE9

O ziopsta(Gamma function)s o|8st &3st ool 4l M=

I
i)
)
uE

- }ﬂ}\i }\]i\-Eé]l = BA = BA
d52 BENY 4 Yt LIS NEsuAt 1A
- SEY Yo BEE = 6} | 93 e e ASR4e FeheE Freee Yepia oY

- o] Zupgtas S5 U w34 (Probability density function)o] 2.2 A7) 53 &5 7
A 4 Qe ol Sl 2 AIME e Y] &9 &E S AR £, o] 1t UE
BEHOR RS 2+ USF

( ) ( )k 1€—(1:+1)/1
x;ksr r+1)" - forx >0
/ (k)

- AME g5y PS Edz FE ¥R nis JstuA Zﬂﬂi—,— —7]‘—7‘ ‘?_j(mammum
likelihood estimation)& ©o|-&3s}o] AlA g

- Fitting2 WA} % (cross-validation)& ©]&3t
x AY S TR EH(#3-53).

[#£3-53] wAHE S °ol&eh & Hlolg9 dut Fa fiting 2wt

im AN BF

e smaXtec DeLaval CowManager SCR
074> | Shape (k)| Scale (r) |Shape (k)| Scale (r) |Shape (k)| Scale (r) | Shape (k)| Scale (r)
B 8.852 1.331 0.779 43.494 1.259 5.176 16.782 2.106
BEZHR} 0.0022 0.0004 0.0003 0.0328 0.0005 0.0012 0.0036 0.0005

- i R AMge] Fa JEfS ARSH dPstal lon, AAaAEH S g eR At
eh mHof A2 BE AlAo thsiA = 0.85 ool
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e EEIYAE L EED o )R x+1
200 plxlk,r) = E‘-'{'é’_gﬁrﬂﬂhﬁ'-’-"I-":‘ 133 =I,:‘:‘u‘.l.l:lﬁ plxjk,r) = WE-\P( THE)
] ]
B £ 0.04
o 2
& 0.05 | o
0.02
i\
0.00+ 0.00
0 50 100 150 200 250 0 50 100 150 200 250
Frequency Frequency
0.20 (x + 1) x+1 1578 ,
k) = _ E {x+1) x+1
z plelkr) = rasgrz =P (- 51g) 2010 Ptk ) = FreTgmmen P 31T)
5 0.15 ]
[-] ]
8 8
2 u.m\ -
o o
'. 0.05
0.05 K _
0.00 - - . - . 0.00 j - . : - .
0 50 100 150 200 250 0 50 100 150 200 250
Frequency Frequency

[1243-42] ICT A4R] AA A| 2808 A& Zop 22 29 9 fitting 21

[E3-54] 7IZtol mhe AA AJAE] W oAl 27F gko] ojy At
Idle Normal Active
LA
S D C SC S D C SC S D C SC
0.05]0.95| 282 0 0 0 11723112005 | 12005 | 12005 | 857 857 857 857

0.09]0.91| 655 | 261 0 243 110895|11289 | 1155011308 | 1312 | 1312 | 1312 | 1311

0.1 { 0.9 | 775 | 821 | 2767 | 243 |10664 |10620| 8709 | 11199 | 1423 | 1421 | 1386 | 1420

0.15]0.85| 1504 | 1549 | 2767 | 1578 | 9439 | 9410 | 8230 | 9383 | 1919 | 1903 | 1865 | 1901

0.2 | 0.8 | 2340 | 3096 | 2767 | 2489 | 8175 | 7486 | 7823 | 8077 | 2347 | 2280 | 2272 | 2296

0.2510.75| 3210 | 4311 | 4274 | 4156 | 6863 | 5930 | 5994 | 6086 | 2789 | 2621 | 2594 | 2620

0.3 | 0.7 | 4127 | 5200 | 4274 | 4902 | 5445 | 4704 | 5546 | 5008 | 3290 | 2958 | 3042 | 2952

S: SmaXtec, D: Delaval, C: CowManager, SC: SCR

- Threshold gto] @2 A% idledAo] £3h= AlAgo] Ao
]_

= 9tH 30%9] thresholdo
M= GARRE 7l vt dAE 2 ZotEl(matchingd] & &5 A

S 7hA),
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- 28 x| Y Aol = s idle 77r) BE j4t FAS] Wat WA active 77}
a0z W} Hou) MAE Jj4e] Wolx Ae Hoz ¥,

- Active 7o CRSIA = AF9) 9%ollA EHERZHo)A 99%ol el ColEl7t EATt EHgolgo
o], 9] 20%014 97%¢] TlolEl7t MMM R FAT HEYS £H.

ofebd Agsos 28 As P4 2DL o|§dte] active T70] T EFE} H5 RO

2 Bolu], o2 Foh4 Wi 5o Ao} FEo] i BE 4o MNER SASH THs 2

o=z 7|gd.

O THF A3 EC‘(Convolqunal Neural Network; CNN)E o]&st 5435 o=l
- 2T Al HE FololA THY =2 Al2eHe HolRal e Hed 2R 48w AEY
2 ojgotel 2T AR MAS] BEF tolele BEststs nAL LR
‘ oooooooooooooooi e
: 0 0 0 o 0 m, ke U e el
Delaval sensor data W‘f‘ W
B CowManager sensor data
< Data preprocessing > < 1D-CNN based signal transformation > < Error and correlation analysis >
[133-43] H2d 222 o]t m&Eet ¥y e
- T 439 A MM 7] o8 57 ¥lk(measuring frequency)?} B& ¥l (mmﬂmg
frequency)E 7HAI 3L QLEC)(83.4-33), AFGAHE B VLGS ¢ 4 9lon® 1Y 7 &

<3

A FI%Ql 24713 7]F(SCREHC 2 UMK 37) AlIM Hoj]H S BEFSI6H|= 8:.
[#3-55] ICT A3A] AN A|AE H &esf gojg g JE 2 S ©H
AE9 2d Ve Na/4

® CowManager SensOor | minutes/hour 24

@ cSense Flex tag unknown unit/2 hour 12

® Activity meter system | unknown unit/1 hour 24

@ SmaXtec Classic Bolus | unknown unit/10 minutes 144

1 set (2 br)

Smaxtec | [ { | [TTT{{TTTPIITPO0LTTPTTTPTTo i TIer ier i irirriyry

see [LITTTTTT IO AT O T AT TP T A TP T T T A T T I
o LA A O O T A T T T

CowManager

[D3-44] F2'd 23 52 §t AAIE diole 44 &
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- AlA Hlolg It HghS Yol 1D CNN(EE7} g Yo g FAQ) +25 o] &5t ouy(
3.4-10), &gdlolE el =7|eF TefHlolE el ZolE
(convolutional layer)d} 17§2] €4 A Z & (fully-connected layer)C 2 RS 1A519-S.
- gutdel pxz ZF FAdFAE S v|AdEY #4549 RelLU (rectified linear unit)at
max-poolingZt &0} glon, 5F &2 1719 o|FH SCR oz 51 SCR (37
% BHa Blasto] & 3

I { I I I I I I { Ilnput data (Smax.)
[LTTTTTT R e sem

I Conv-Net (filter size = 17. stride = 1. padding =8) [

B reLU I Fully connected

[1.23-45] ICT A3#] A1A] dlo]E] &4 mao] 2%1(1D CNN)

- Bdlo] sk 9 feed-forward ¥ back-propagations £
- o= HiR|HlolY 4 — SAFE(1D CNN) — &5 4 279 oA =2 AJdHY, 295 =
Zrat AR SCR Q] cross-entropy €418 AAtsto] malS &h&ah
=19 SCR AL 47109 FE =S FdAI717] A5k vl ¥

b He&= Faststy] sl vy P42 A]LRo]E(sigmoid)E 0] &3t =

Backpropagation (update)

Y

data X N
[ Cow data H Balauceu_b 1D CNNs —b[ Classifier JMP Loss
sampling
-~ - J g ) 'y

A Sigmoid Labels
Companding

v

[1213-46] A1 Hlo]E] St Relo] L& AMH(ID CNN)

O THF AFY B2 olg3t BEst ndol 45

O O E— =
- 170 7iA|] 2 dlolE £ o-&3ste] Hal'd RRS staeh & AREHA] g2 1719 ZiA ol
ool wehs Sa8st At AR &L Atole] ARARY)E Hat 0.64, AT QA

- SHEIAYY AN (smaXtec)o] BEYE ol §3l0] SCR BEFL oI5 ATolH ABAL

041 ~ 0.759] MelolA B 0.59 2702 B gon, PRUheA: 85.22 Lehd

- Delaval 2532 ol §3lo] SCR ZEFL ol 53 27 k2 2719 AAo] w]s] Yrjm oz

2 45 HojFolon], AL 059 ~ 0.759 WA BF 0.67, BRE AL
76.60.2 UERS
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- CowManager &-5d= 0]8350] SCR &&F= cl5st 21t Z2dA 4+ 0.51 ~ 0.789] HE]
oA H+ 0.65 &0z WAL RO, FHAY A= 68.002 LERS
[#£3-56] ICT A AA A|AR H SE=f gjojg ek 2t
stm N 55
! smaXtec DeLaval CowManager
[E] ()] = s 1045 1045 1045
0.59 0.67 0.65
AR A2 (R?
28 AR (r = 0.77) (r = 0.82) (r = 0.81)
= FAt) Q RHMAE) 85.2 76.6 68.0

.‘. ‘| \|| i

Measured SCR |
A

*l

|‘|.|,

|
| |
! M‘ : I ” ""
IIIr |

Predicted SCR

<smaXtec — SCR>
Measured SCR

- Al Mol A=
wo] W

Predicted SCR

<DelLaval — SCR>
Measured SCR

Predicted SCR

<CowManager — SCR>
H &5 doly 2&et 2yt
SCR9] /\1]}\1 ro=g jﬂ—_—.—g}é}f

r o 7)—\]0]

Eu

59 93Hoe nEL

Al AED
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=
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BFE YSF71EL 149 o4 o5 7|2 URiAE o 5AS AT o He BE A
g%7]mde] FAS Yupstrlol B olEe BASA e
of APOIA AAY BEE HGF 2L clolel BET} B BN BAZ 8] AFLT
Yuot YUY JuS BoIA o 9on 1 71A7t H ColelQl ARl FHAT
oY, SEjUTS AMEE

BF 857183 Yy 2
BF YeF719d Uy 2d e

BFE Q57|98 JIA ol gee ARAElE 5517] 9ol mEjETR, SejuA} o
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BF Y5990 YR REEL BE Y5720 {A% AL 95l At SuEo
Qo DA UAS 5o wHel A nEat JlssiEs 2
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o] Higlsr] izl BE AA&F7|RES
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8,605 B.6as 6.648
0.004 - .
6.683 0,802
B.664
0.602 5,602
0.8 0.691 Ll
.00 20 450 600 560 fea 200 48 0 90 e 409 50 0 700 50
O 2020471X]9] TEj7rAR R
[2%4-12] AAPE EERIAR RS} AURE Ry An de)x
o 0A || e 1 ]| 244
9,685
— - ;665
5.694 8:504
0.604 s 0.603
- \—,\ i k\ " Kk
! 0,601 6601 2
e 8 560 1008 1569 2000 2568 3000 b ] 560 . 1689 1589 2608 b -] 250 568 -750 1668 1258 1568 1758
8.612 0,816 o
3ﬂ- .14 4*'—} u.m‘ 5'*—"
5,819 oo 8,028
o 0.810 o
8,606 ,8a8
& 0,686 ane
8,602 R 3jz k 0.695 R
8. H ;5;,] 48 0 w00 o0 1208 1408 o8 8 J.m; .Jli ) 880 1806 1200 o0 [ 08 484 608 eanl
O =8+
- ZEjE Aatolls oot gol dled detsoz Y W AEFLY] el RN B
- SRS oA A FSAEEAE 7S o|HAHolE & viHeR tEeS FESIN
Ol dRtF oz AR = EEjgo] vs] UF W2 =EleS 2Y
- 7lzo] £Ejg ALY FHMel7] 9o BA18l 5 §(Herd Turnover Rate)g 84} 24
g sthest Qo) A UK 500 JELLS ug Far0 Aol A
ol gt @3S Woks WYY of ARNE AESL FAS 9ol 0jLe] AEF L



it Bdul= AFESIRS. 1 A 7|E9 =g Y] AR RS =E5IUS
- ot AEFLL} HeS R or w2t Al 84A} 0] 99 AAS2 YIEA] TEHiE &
=g
[(H4-2] A= TEjE
SIS A AEAL AMAbE | 04t AT 2 SAlr 4%F BAlr 64F 7
CEjg 7.21% | 15.87% | 20.28% | 23.22% | 24.68% | 24.35% 20.14% 12.5%
2019 54.10%
2x3) K g 7.92% | 18.95% | 26.29% | 33.28% | 39.97% | 52.17% 73.21% 91.02%
TEg 7.05% | 16.18% | 21.48% | 25.96% | 28.47% | 29.32% 26.67% 23.00%
2020 53.48%
2A3| K5 7.77% | 19.19% | 27.82% | 36.51% | 44.09% | 50.84% 60.26% 78.99%
ZEjg 6.73% | 17.05% | 22.19% | 27.46% | 31.18% | 33.92% 34.58% 31.75%
2021 53.17%
BR5| K5 7.38% | 20.31% | 28.82% | 38.66% | 47.09% | 56.30% 64.07% 78.39%
x2021d 109 o]& o]gA|dolgo] HERR 2021 TE&L 20209 10¥EE 2021 9¥71X]Q] AI2UHS EA o] ArQgh
O ulg=3A
- ICT Alo|Ego] ElolE| 29 E 4% HAE 293 tlolelg vigoa vleaa 14
- 20219 71E QAlEIolE SAE (#4-3)3t 20| A10Y o] $HE ALgt Al JhA], AR}
FAIRE 5 70U7HR] ALa AFo] Qe WAL A280L7HA] F 10 ol A4 ALget Aol
A= AMA(F 75.19% ol 2FRA)E Aelst & AHEe EAI= (E4-4)o YERS
[#4-3] ICT Alo|Eglo] A4 tlolg 5 w04 71z
45 AG7] At 2371 AR
Bd | BEQA I | BFEA| HF | #mEA
= AFg ol () 103,086 203,444 306,530
ARRPE ARGl () 207.00 5.99 243.94 5.20 230.13 3.98
Ao~ (o)) 287 437 724
A Botr|E2 (7)) | 191 269 460
ALY E71E4 (7)) | 307 565 872
AR} 2.24 0.06 2.58 0.06 2.45 0.04
Adg 4+ AFo2k (2]H) 30.75 0.52 32.82 0.39 32.06 0.31
APRPE A+ ARe2F (2]E]) | 7,056 224 8,349 189 7,826 146
[H4-4] AX2] & ICT Alo]EQo] AR HIolH AHRpE &7
ARt | moza Argda (Y) AP+ AR (2H) 5 AR (EH)
W2 | #FQA | WP | BEA | W@ | AEQA
1 111 358.95 73.55 31.65 4.86 11,303 2,649
2 101 377.30 78.56 36.00 5.41 13,545 3,403
3 61 375.21 69.06 36.89 6.12 13,786 3,310
4o0]xF | 57 406.58 81.59 37.09 6.60 14,981 3,601

x2021'd Y5 ICT AloJEgo] tlolg 7|&
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H4- st B8] 92A 2dlS A5 Ayt Wilmink®?}t Dijkstra 2®o] 7HAF Agkst 710
2 e, o doiE wr} Bedt 20l WiminkE ¥]g2H 2Re A12a

-13)2 ¥+ dlolHet AA2d tlojefof] A Wilmink 253 UERH(ZT A2 2wt
992 7). A LB ol gl HeNS Teprht A6t AR A of
29 FHEIE 10L Djoke] e AR e Teiu 2ReEe o yNel ugIael g
Bzt st7l= 25 oy BluA AT AlRds /A1 ol 7HAlE d& dioly o #E
oflA mpote A7) AR S Ao Alg Eﬁﬂl 4 LX|sHH ofof wet o] A Lo v]&
4d(Wilmink 22) A oo g oH & &8t

_E»h

[-'O
Q

d

[#4-5] AAe] % ICT 7lo|=glo] AF83F Hole] AxpE £

29 A|QF 2
Brody (1924) y=ae " —ae
Wood (1967) y=at’e
Cobby (1978) y=a—bt—ae
Wilmink (1987) y=a+be M +ct
Rook (1993) y=a/(1+b/(c+t))e
Dijkstra (1993) y=aetl—¢ edt

x202149 71&

[154-13] &2 dlolE(Raw)t A &|2]d dH|oJE|(Filtered)oll A€ Wilmink 2

50

—— Filtered
m— Raw

40 1

--

w
S
I

-‘
—
---~
-~
[

9]
(]

Milk yield (L)

200 400 600 800 1000
Days in milk (days)

[E4-6] 7¥4-139] Wilmink 2@ T2 H| W H

E.E]E] E._/'\_ %% (Raw) ﬁi‘] EJ (Flltered)
a 35.76 4751
b 22.65 25.82
k 0.27 0.05
C 0.01 0.06
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4.2.3 57 A& Az
O AARE A
- AR50 BEIE4 AR dEAlEsloy AR £ EAYsIY0 oldR|HolE 2
W AR, AR BElEAE AT S A AR £9S H EAlO] A
Ut

WY AR PRSI MBS DY GRS AFEIRL

O 20204 o=

iTh
i)

[#4-7] 20209 AbSF4 52 - EEHE AR

. ASER(E) AQER(E) EEIRA(E)
2
AR | osR | oA A5z | A | A53 | oA

14 371743 | 372988 | 0.33% 159196 5890 5282 -10.32%
294 372897 375690 0.75% 163276 5378 4517 -16.01%
34 373676 378353 1.25% 166877 6050 4644 -23.24%
44 374664 380731 1.62% 169008 4684 4255 -9.16%
3= 374146 383204 2.42% 170264 4659 4127 -11.42%
64 375508 386021 2.80% 171734 4684 3863 -17.53%
74 378497 389200 2.83% 173478 5270 4100 -22.20%
84 380939 392369 3.00% 175640 5717 4061 -28.97%
94 382187 395908 3.59% 178603 6649 3720 -44.05%
109 | 384944 399433 3.76% 182590 5612 3977 -29.13%
11¥ | 386909 402702 4.08% 188103 5588 3829 -31.48%
12€ | 387687 405511 4.60% 194136 6752 3830 -43.28%
oot | 378650 388509 2.59% 174409 5578 4184 23.9%
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[#4-8] 20204 g YAY A5ZT - 2 PHE A
o ARSF4( AR )
AARE | &R QXF ol 5%t AR LAt
14 371743 | 370837 | -0.24% 159051 5890 21.07%
2% 372897 | 371538 | -0.36% 161138 5378 14.91%
34 373676 | 372351 -0.35% 162924 6050 1.22%
49 374664 | 373056 | -0.43% 164052 4684 20.03%
54 374146 | 373883 | -0.07% 164280 4659 19.15%
64 375508 | 374949 | -0.15% 164274 4684 11.29%
74 | 378497 | 376267 | -0.59% | 164953 5270 0.78%
84 380939 | 378084 | -0.75% 166118 5717 -8.97%
94 382187 | 379738 | -0.64% 167474 6649 -21.87%
109 | 384944 | 381814 | -0.81% 170589 5612 -8.75%
114 | 386909 | 383458 | -0.89% 174424 5588 -10.92%
129 | 387687 | 384848 | -0.73% 178966 6752 -27.73%
g | 378650 | 376735 | 0.50% 166520 5578 13.89%
[#4-9] 202014 g At o527
RERTE
LHie A& s A&
4 | ARt | 92 vRSA AR | AR vRSA AR | 9 v AR Bl5=
5wt QA} ol = QA 55t S =iy
176.294 | 163.041 | -7.52% 145.033 -17.73% | 164.024 145.205
168.713 | 165.997 | -1.61% 148.915 -11.73% | 164.936 146.948
184.564 | 179.544 | -2.72% 162.447 -11.98% | 176.522 158.046
182.875 | 181.072 | -0.99% 164.536 -10.03% | 176.174 158.542
186.670 | 186.645 | -0.01% | 169.833 | -9.02% 180.04 162.339
173.982 | 174.808 | 0.47% 159.402 -8.38% 167.59 151.194
176.810 | 178.837 | 1.15% 163.402 -7.58% 170.446 153.617
166.990 | 170.721 | 2.23% 155.96 -6.61% 161.431 145.656
163.835 | 169.832 | 3.66% 155.203 -5.27% 159.456 144.046
170.248 | 179.905 | 5.67% 164.475 -3.39% 167.912 151.734
165.322 | 179.319 | 8.47% 163.809 -0.92% 166.28 150.193
172.486 | 192.672 | 11.70% 175.443 1.71% 177.39 159.961
174.066 | 176.866 | 3.85% 160.705 7.86% 169.35 152.29
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O 20214 o] 57}

. S ER(E) AL Ea(5) EEIEA(E)

T oamz | asg | oA Axzt | AR | =% | oAt
14 387683 389904 0.57% 169359 7229 5719 -20.89%
294 388253 392407 1.07% 172285 5964 4573 -23.32%
34 388458 394707 1.61% 175407 7151 5135 -28.19%
49 389115 396815 1.98% 177182 5777 4627 -19.91%
5 388335 398893 2.72% 177932 4975 4527 -9.01%
(=} 388998 401268 3.15% 178750 5156 4313 -16.35%
74 391672 404038 3.16% 180271 5548 4379 -21.07%
84 393811 407339 3.44% 182249 6254 4359 -30.30%
94 393977 410558 4.21% 184261 6258 4183 -33.16%
104 414119 187785 4327
114 417478 193036 4130
124 420586 199111 4105
=+ | 390034 404009 2.43% 181469 6035 4531 22.47%

+ 2021 109 o] % o]ix|Elo]E| &Ry
[#4-11] 20219 AFSES o523} - 24 3|88 AL

. S ER(E) AL Ea(5) = EENES)

Tl Am | asg | est A=zt | AMZ | A% | oA
14 387683 387381 -0.08% 169413 7229 7783 7.66%
294 388253 387921 -0.09% 170656 5964 6201 3.97%
34 388458 388136 -0.08% 171801 7151 6659 -6.88%
49 389115 388353 -0.20% 172016 5777 6160 6.63%
5 388335 388762 0.11% 171507 4975 6017 20.94%
6¥ 388998 389500 0.13% 171225 5156 5679 10.14%
74 391672 390553 -0.29% 171655 5548 5763 3.88%
84 393811 392180 -0.41% 172423 6254 5594 -10.55%
9y 393977 393660 -0.08% 173320 6258 5505 -12.03%
104 395466 175451 5511
114 397244 179029 5269
1294 398563 183425 5356
=+ | 390034 391477 0.16% 173493 6035 5958 9.19%

« 202149 109 ol oliAdole] REA)
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[#4-12] 20219 A AT o523}
ARFETE)
CHE B8 =7 2dE 88
2 | AAR | €2 YRS AR | A vg=A ARE | A2 BlRSA AR | AXE HlRSAd AR
A=zt | oA | x| oA | Adag | eA | dxk | ex
14 172.814 | 176.045 | 1.87% 156.703 | -9.32% 177.01 2.43% 156.981 | -9.16%
24 158.635 | 164.187 | 3.50% 147.322 | -7.13% 163.515 | 3.08% 145.439 | -8.32%
34 179.361 | 188.953 | 5.35% 170.528 | -4.92% 186.183 | 3.80% 166.103 | -7.39%
44 177.666 | 189.92 6.90% 171.614 | -3.41% 184.86 4.05% 165.156 | -7.04%
54 183.198 | 197.279 | 7.69% 178.09 -2.79% 189.908 | 3.66% 169.735 | -7.35%
64 167.393 | 184.358 | 10.13% | 166.005 | -0.83% 176.167 | 5.24% 157.146 | -6.12%
74 170.549 | 181.719 | 6.55% 163.55 -4.10% 172.396 | 1.08% 153.87 -9.78%
84 167.113 | 182.611 | 9.27% 164.43 -1.61% 172.124 | 3.00% 153.652 | -8.06%
94 162.310 | 179.303 | 10.47% | 161.294 | -0.63% 167.658 | 3.29% 149.845 | -7.68%
104 | 166.581 | 189.384 | 13.69% | 170.237 | 2.19% 176.098 | 5.71% 157.254 | -5.60%
114 | 161.180 | 188.082 | 16.69% | 169.09 4.91% 174.005 | 7.96% 155.082 | -3.78%
124 | 171.000 | 201.425 | 17.79% | 181.055 | 5.88% 185.38 8.41% 165.015 | -3.50%
| 169.817 | 185.272 | 9.16% 166.66 3.98% 177.108 | 4.31% 157.94 6.98%
O 20229 of| 522t
[#4-13] 20223 AbsF4 S A A 520 - =HE A%
FRFELE)
4| ARERE) | ARERE) | EHERE)
22 ulgEAH AR | AAE HeIA AS
14 | 437081 159664 7971 183.588 173.851
29 | 440603 160731 7051 174.656 164.031
39 | 443649 161750 7465 196.809 183.177
49 | 446090 162694 6691 197.299 181.881
5¢ | 448024 163337 6607 203.793 186.709
6% | 449715 164168 6106 190.926 173.856
74 | 451877 165607 5992 192.772 173.886
84 | 453888 167127 5675 190.966 169.368
99 | 456084 168915 5170 191.230 165.953
104 | 458394 170964 5219 203.729 173.435
114 | 460525 173015 4853 201.806 169.338
12¢ | 462854 175284 4688 213.978 177.707
Ho | 450732 166105 6124 195.129 174.433
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[£4-14] 20229 AFS 54 9 99 WY o520 - 8% e NG
A S(RLE)
4 | ARERE) | AREAE) | EEHENE)
YR ulgRH ALg | AAE UDH ALS
19 | 395185 171906 6702 178.015 157.489
29 | 395904 172871 5999 167.872 148.994
39 | 396545 173824 6372 187.658 166.95
49 | 396958 174262 6064 186.617 166.068
59 | 397651 174065 5903 191.614 170.283
69 | 398585 174384 5528 178.252 158.323
79 | 400096 176684 5643 178.967 158.643
89 | 401552 180429 5549 176.118 156.213
99 | 402514 184358 5396 175.297 155.072
109 | 403082 188165 5274 185.685 163.292
11% | 403373 191856 4946 183.102 159.656
129 | 403482 195463 4785 193.608 166.713
PF | 399577 179856 5680 181.9 160.641
43 Wdole] 7|4 A5 93 A o5 B AL
431 a2y 29 L 2L N§
Uy g End
O BYA4 )52
SEUURE A5 6 AU 52 $W2LE o1 £ SR T U e
7o SlHRR2A 2RYdYE 4 lon oo I AEFAEMA(Cradient Boasting
Machine) ¥ & ol§sto] RUlULS |53
- AFE 2H2 Python3.89] lightGBMRegressoro|t 29U o532 Yol ATVIAIZE, AR
ME, ASPUY, ASAE, AR, AZARUIALS, ARARUINAASS A3
- wlolx|et 2|RstE o) (H4-15)7} Lo REo] AnfHAS AAs

[#£4-15] A4 o H2= =Oj7iHs
2020 20214

EL MRS EL PR ELRIEESH
B AE ERQY gbdt gbdt
num_leaves 28 49
max_depth 20 39
learning_rate 0.059165 0.063092
n_estimators 659 574
reg_alpha 0.058624 0.197674
reg_lambda 0.109205 0.020408
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DR ETE

- UL o5 A AUEY

2 2oH2HE A S0 ZEjE=A]of thst AAS LERY
710 HRE=Z=A nolydsh 4 Qlon o]o] A ERAEHAI(Gradient Boasting
Machine) $¥S 0] &5t TEfALS o535

- AFE 292 Python3.89] lightGBMRegressoro|t TEfU4 o] &8 &6l A7 A ZE, AX|H
Ho, ASFIE, AZHE, AZAARE, AMRE AR U & SEjHTo Aget QAL 4

e ofyut 7hgElolelst Mo Rale ARMo s AustA S

- "|o]x|ot 2] A3IS E5) (H4-16)1} Zo] BEo] Xuj/fH LSS AAEH

2020 20214
Z 071~ Z 0[] 3E Z 07 H 3L
B A8 ERQI gbdt gbdt
num_leaves 67 44
max_depth 77 89
learning_rate 0.043564 0.087523
n_estimators 572 964
reg_alpha 0.012542 0.158345
reg_lambda 0.064913 0.105778

T fged

- CE BERRes REfUS o SRR ARge RS T

SR W2 oSV Woll JHAI7E =EjE =] obdAE FHShe 2REERA 2
ot & Ao 71E dojg 2 wEf Hotndyl e oSS pESE A
o2 o & =ejdAPL o571t Woll = 4% =Hists 22

)
u

b SR OfdAIS HlEo 2 cElg Wy

DEESS

B[R £ 8152 o] g3} A A9 HgRNES TR olF £
2 ugRMeS Felol uet BE. 2 MASS BA Agole vigoR Jbg MAd 2A
of JE HRTNE AL§

- 2R M4 AL ) T oAl ARG P Bl 9BHS ulw BAstA D 1 A
259 g 62 Ayl B

- (BA-4)0] LheRd A2 £ 9

85t0] 6710 2RO BE. 2t
oo} g4 Fefol thet 2sks]
of oigt SAL (14-14)0] LER})



Wilmink, Dijkstra 22 37 =ste}. 3 A7} Jt4o] v]g2AMo] 7]E vl a2A o
2t 2EYE > Q1SS Y (24 d & f). olo] ma} oj2ist v g BAL B}y o
st 27FA M 3] Y(Piecewise Linear Regression, PWLR) ®¥1-S A|Qtsh
[2H4-14] 58 &7
Table 4. Descriptive statistics of each cluster and the entire dataset.
Cluster Total p-Value
(a) (b) (c) (d) (e) ()
No. of lactations 119 64 50 47 38 12 330
Primiparous 17 28 18 10 28 10 111
Multiparous 102 36 32 37 10 2 219
Parity 2612 2.16°¢ 2.30b pis7a 1.634 1.25¢ 2.31 <0.001
(0.12) (0.17) (0.19) (0.20) (0.20) (0.18) (0.07)  (0.16)
70 DIM Aug. 1. Sep. 29. Oct. 10. Aug. 20. Sep. 30. Jun. 30. Aug. 31. 0.272
ina lactation (days)  (21.79)  (24.92)  (26.28)  (37.73)  (3288)  (90.25)  (1247) (28.93)
MY (L/day) 39532 36649 3820°  3876P  35.00° 36189 38.03 0.006
(0.61) (0.96) (0.93) (1.02) (1.13) (1.69) (0.39)  (0.88)
MY (L) 10,7132 99304 10,351¢ 10504 9500 98064 10,305  0.006
(164.73)  (261.38)  (252.30)  (274.96) (305.46)  (459.28)  (104.65) (238.49)
Peak DIM (days) 59929 86.25° 119.68°  54.94° 14400 11992° 8524  <0.001
(2.73) (4.61) (8.42) (6.11) (9.67)  (2573) (3.01)  (6.01)
Peak MY (L) 53.08° 46399 4714°  5425° 4270 45829 4959  <0.001
(0.83) (1.24) (1.08) (1.34) (1.33) (2.26) (0.54)  (1.13)

MY: milk yield; DIM: days in milk. The number in parentheses represents a standard error, and particularly,

the rightmost values mean the pooled standard error. Superscripts that are not common indicate significant

differences within the cluster (p < 0.05).

Table 5. The regression parameters and the RMSE results per each cluster.

Model Parameter Cluster Total
(a) (b) (c) (d) (e) (f)
a 24,6645 15.9437 12.5155 448198 12.2953 30.2838 221761
Wood (0.3161) (0.3522) (0.3401) (2.1754) (0.1697) (1.3543) (0.2843)
b 0.2142 0.2738 0.3406 0.0170 0.2743 0.0374 0.2000
(0.0037) (0.0063) (0.0076) (0.0143) (0.0038) (0.0127) (0.0037)
c 0.0039 0.0033 0.0035 0.0016 0.0018 =0 0.0029
(=0) (0.0001) (0.0001) (0.0001) (=20) (0.0001) (=0)
e (L) 0.6680 0.9529 1.1474 2.6746 0.5068 * 1.9778 0.6090
€ 0.6125 0.8121 0.8298 0.8827 0.8343 * 1.2126 0.9087
a 54,2924 46.0936 65.3834 47.6263 42,0509 6604.6668 47.5097
Wilmink (0.1707) (0.1337) (2.2023) (0.3927) (0.4718) (0.1981) (0.0581)
b —249865 —31.9822 —38.4509 —58.5113 —21.6106 —6570.6721 —25.8178
(0.7756) (0.6105) (1.9260) (35.6232)  (0.3697) (0.1981) (0.3245)
c —0.0937 —0.0549 —0.1200 —0.0594 —0.0247 =0 —0.0582
(0.0009) (0.0007) (0.0072) (0.0023) (0.0019) (9.1156) (0.0003)
k 0.0494 0.0495 0.0124 01715 0.0195 =0 0.0543
(0.0020) (0.0012) (0.0009) (0.0496) (0.0008) (0.0014) (0.0008)
e¢ (L) 0.6676 * 0.5240 1.0063 * 2.5458 0.5509 1.8807 * 0.2436 *
€c 0.6119 * 0.7866 0.8230 * 0.8682 0.8359 1.1974 * 0.9006 *
a 34.0962 18.8021 28.2765 13.6532 21.3504 12.0427 251318
Dijkstea (0.5020) (9.3568) (0.4192) (8.0760) (0.2697) (7.7Q63) (0.2315)
b 0.0197 0.0467 0.0126 0.1950 0.0152 0.1686 0.0346
(0.0011) (0.0018) (0.0005) (0.1342) (0.0007) (0.1449) (0.0009)
G 0.0357 0.0506 0.0124 0.1525 0.0230 0.1525 0.0520
(0.0015) (0.0011) (0.0010) (0.0356) (0.0009) (0.0443) (0.0008)
d 0.0026 0.0015 0.0032 0.0016 0.0006 =0 0.0016
(=0) (==0) (0.0002) (0.0001) (=0) (0.0001) (=0)
eq (L) 0.6933 0.4644 * 1.1214 2.3680 * 0.5784 2.0179 0.2479
€k 0.6131 0.7852 * 0.8316 0.8510 * 0.8371 1.2012 0.9010

RMSE: root means square error. Cluster means the RMSE calculation is based on each cluster, whereas Total
is based on entire data. Models are fit using the averages from the records for each group. The RMSE is
calculated between the average fitted model and each record in the group. The numbers in parentheses
represent standard error. €5 is calculated from based on the cluster average and the model. €. is the average
RMSE between each Z-transformed sample in a cluster and a model; * The lowest error in each cluster.

* Cited from Table 4 & 5 in Lee, M. et al. 2020.
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Milk Yield (L}

Milk Yield (L)

Milk Yield (L)

[134-15] 2 =4
50 50
—— Average —— Average
=== Wood === Wood
—== Wilmink —== Wilmink
------ Dijkstra - Dijkstra
404 Standard Error a0 Standard Error
2
=
g
=
&
3
301 301
=
20 T T 20 T T
10 100 190 280 10 100 190 280
Days In Milk {day) Days In Milk {day)
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* Cited from Figure 2 in Lee, M. et al. 2020.
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[254-19] 7HE vlF=d 3 34 B vlaEA0Y 22 AY A vlus

Table 4. ¢f comparison for each group.

Measure Model Group Total
A B C D E F Average
Individual ey Brody 4.400 3.559 4214 5.010 3.395 4302 4147 4176
Wood 3.887 3.431 3.896 5.040 3.166 4.245 3.944 3.894
Cobby 4.033 3.390 4.178 5.052 3351 4.303 4.051 4.007
Wilmink 3.898 3296 3686 5017  3.063 4167 3.854 3.822
Rook 3.812 3328 3809 4958  3.095 4178  3.863 3.812

Dijkstra  3.760 3.253 3717 4.846 3.045 4.148 3.795 3.741
PWLR 2721* 2524* 2898* 3.049* 2479* 2984* 2776* 2.738*

Center ¢¢ Brody 2.553 0.788 2.073 2.682 1.261 2.019 1.896 0.742
' Wood 0.668 0.953 1.147 2.675 0.507 1.978 1.321 0.609
Cobby 1.009 0.767 1.999 2.547 1.261 2.019 1.600 0.663
Wilmink  0.668 0.524 1.006 2.546 0.551 1.881 1.196 0.244 *
Rook 0.635 0.600 1.053 2.563 0.524 1.881 1.209 0.313
Dijkstra  0.693 0.464 1.121 2.368 0.578 2.018 1.207 0.248
PWLR 0.338* 0.388* 0470* 0563* 0459* 0973*% 0532* 0.310

Each group is corresponding to the groups in Figure 5. All model fit the mean LC for each group. Individual indicates efs are
calculated individually and the results are given as a mean error. Center indicates ¢¢s are calculated based on the mean LC for each
group. Average is a group mean error which is calculated as the mean of mean ¢fs from group A to E. Total means the entire LCs are
used for calculating ¢; regardless of groups. * The lowest error in each group.

[2-4-20] k-nAPESS &S HAE Aol tier 22 A3/ A Hlus

Table 5. Results of the k-fold cross validation.

Error Method Group Total
A B C D E F Average
ez Brody 0.696 0836 0839 0878 0906 1363  0.850 0.915

Wood 0.636 0.833 0.778 0.894 0.862* 1.304 0.816 0.910
Cobby 0.642 0.833 0.831 0.874 0.906 1.363 0.836 0.912
Wilmink  0.635 0.814 0.783 0.874 0.869 1.410 0.816 0.902 *
Rook 0.634 0819 0.781 0.881 0.866 1.408 0.817 0.903
Dijkstra  0.634 0.813 0.792 0.861 0.871 1.340 0.813 0.902
PWLR 0.628* 0.812* 0776* 0775* 0.874 1.054* 0.780* 0.904

e Brody 4.436 3.956 4.068 4.605 3.709 7.460 4.289 4.524
Wood 4.036 3.821 3763* 4.682 3486* 7442 4.095 4.445
Cobby 4.115 3.931 4.030 4.598 3.709 7460 4211 4.508
Wilmink 4.035 3.787 3.780 4.601 3.513 7210 4075 4.429
Rook 4.021 3.796 3.773 4.618 3.505 7.205 4.073 4431

Dijkstra  4.024 3.782 3.824 4.540 3.519 7434 4078 4424+
PWLR 3.987* 3776* 3765 4.141* 3542 6.619* 3952* 4.450

Each group is corresponding to the groups in Figure 5. Average is the mean of the errors in group A to E. Tofal means the entire LCs
are used for calculating errors regardless of group. All model fit the average LC for each group. Results are given as the mean from
k-folds. * The lowest error in each group.

- 222 -



O
4
%)
_k_?_l“
K
H1
o
o
rE

-

=

=

-0
-
-

o
cE
Flo
N[
2

N
==
=2
_ﬂ-l
T

OO

9,
1o m
e

4>
)
ojo

rlo mfo
jin)
o
o
N
)
ruE

i)
o
fu

o
shecl TirlE %ﬂ st
(0]

ofor

|
N
b
@
ia)
fon
r|r
2 o —|~

Jo

oE §|J
fr o o rx
i)

wo =4

rlr fo

o fr
lo
Hu
It
o
i
iy

1y S o

Fru
Nz

o g

i<l

o
oo
ol
=)
2
a=)
12
¥ o

>
N
I

N4> b

|
ror
ﬂ
S
=
ofo
Dall
Ay
r ©
Ph
P~
)
[a)
—
>
-~

3t 7o 2% PCA(Principle Component Analysis)2}t
t-SNE(t-Stochastic Neighborhood Embedding), UMAP(Uniform Manifold
Approximation and Projection), Autoencoder =0] Q100 o] HLojAl= AlFAA O] XIH
oAl UMAPZ ©o]&sto] Hl-R34d3 AlZeted

- (2™d4-21)0A (2-4-25)= 71& FAIs Yo oish st Aet 712 A8t &

b

sfogl S Tl Zatg Al
Bl g2 Mol el QApER A etets
7] Y5 A-HH(means)d} k-ZEAl(medoids), -
o E s #418KSpectral Clustering)s 754,%8}9";2. 0 A EA

el 71%o] gt RS HOlA|=
Hol o= eMgARl

Clustering), &

%)

s H5e

o
=

Ao]o] ek

o g

LI

woten st

45g 2ol

st H]

R

At EoF

0%
ol

d

] &

=X
v O o

T

T+

ook

|

234 ol A A etote
bt o)

J

B}

St #AlsH 719H-E vl

F3o] g
A= k"ot k_xn q}

[ r

_°,L‘ rn oA

A #AA1SHComplete Hierarchical

- s
UMA® Dimersian 1

- 223 -

0 B
UMAP Dimensian |

alA_ oly. O T X 94 Xl—§|» ]7]-—§|»7:1‘I]|»
[1 a 4 2 ]-] _E]_ L T 1j_ = A — =
k-means k-medoids Hierarchical (Complete) Spectral
LSNE en & clusters 5 t-SNE on 6 clusters ESNE on 6 clusters t-SHE an 6 chusters
" W ot § +e DR
. 51 +Ben s A R
:
I 43 % i 30 & il
E . e E E
¢ e A A s 2w oeaihh e
i ¥, Seou 2. R 3o
i N O R TR e A
23 s, & . £
s s ot 44 s LY 10 Fr
i S s + it e
+ 05 " Ly
15 -5 B 1 5 13 1 a 10 Y 20 15 1 -5 [ 1" " -15 10 s o [ 0 1
LERE Pimensien 1 ML D 1 £ SNE Dimenson 1 AN Dimensian |
o UMAP & ehust UMAP on & clusters
Nyt
" 3 L ™y
*: 3 # ';?}:-a R
H+* ‘e“ '$° ,s’.o.__'l 't
i.‘ i



[1=4-22]

2oz & et

NEEEY

LIS

of 2ist Alztetzut

k-means k-medoids Hierarchical (Complete) Spectral
tSNE on 6 clusters. t-SNE on 6 clustess TSNE on 6 clusters . 1SHE on 6 chusters
20 3
i
L) b 1
i - ¢ i
| e
- * - 5
i . S AT
P 4 -~ E
§ Bool A e Tt x i £
S o 2 g xux e 5, S
1., £ i L,
e e -13
-1s % =10
=15 =1 i o H il 15 =10 -5 o 3 1 15 0 =15 -1 -5 o 5 10 15
LARE Bimensien 1 AN Dlenernion 1 ANE Dimenshon 1
UMAP o1 6 clustars UMAP on 6 clustars UMAP on & clustars
T u 1:
H e ’;) oo? I3 :
. .,). - éﬂ F) TS - i
£ 0 : 3o g
E E E
i i I, ju
8 9 & & &
3 2w 3 -
i £ f}:‘ i iv
J a
7 5
i

BEHE Dinension 2

UM Dirmerinn 3

BEHE Diension 2

UM Dimerion 7

[184-23]

k-means

1o

[

k-medoids

SR CERE EE PN B EHEEY

o 273
Hierarchical (Complete)

LSNE on 6 clusters

Al

Zhat A n
Spectral

t-SME on 6 chasters

LSNE on § clusters t-SNE on 6 clusters 3
1% L) . “." 10
1 Py b 1 4 Hbeb 4 10
T e .’ﬁ:}‘&:‘*%’» : 3 1 s 4 s
3 8% = B
ol B | ° P
R Ser L g
Y C L 1,
1% -13
0 =% w
- - - + -0
=10 -5 o 5 1w 15 n -20 =15 -3 -5 o 1 15
£ SNL Déemervsion | ESNE Difianision 1
UMAP on 6 clusters UMAP on & clusteérs
11 13
;;?‘:':’ﬁ s
e b -y " AR
: S ie §
i¥ 5, in
3 5 3
s 4§ S 210
] . z:.;_ z, 5 i
5 x,
i
: T
alA— yShmis) O T X0 x5 Z¥stAn
[124-24] 278 +etd vla3A9 #Alet AlzehA )
k-means k-medoids Hierarchical (Complete) Spectral
tSNE on & clusters. t-SNE on 6 clusters ESNE on 6 clusters &-SNE on 6 clusters
~ -~ -~ *
1] g
i ! £ .
E E E
: 3 g
i i i-
=10
=20 -5 - = ] H 10 " F
ESNE Dimansion 1
.
9
T T Ta
i i :
E £ -
a8 - E
4 i
e N
UMAP Bimension L

- 224 -



UMAR Dimenion 3

BSHE Dimension 2

UMAR Dimenainn 3

BEHE Dmension 3

UMAR Dimenion 3

ESHE Dmension 3

[1=4-25] SAPE = Z7Hfehd b

k-means

LSNE on 6 clusters

k-medoids

ESNE on 6 clusters

aTr

O 31 X
B S

Hierarchical (Complete)

ESNE on 6 clusters

of 2Ast Alzkerat

Spectral

SHE on 6 clusters.

0
W

- " = " o

1 + 5 . T
T # prod T - + oy *
g s i, i A L
H ¢ + H £ Cri g ¥
" & .ﬁ}u i E ] %4 '%-abs,: Seath
) : 2 < .t v
5 s E Fa] WTVRTL
i P ,g‘&‘ = = it

“‘ SRR 10 | vplli,

2 R .
15 ; - . zsz o
b -39
B P 7 [ T [ O T Y
+S8E Blonernsion 1 EA5E Bimershon 1
UMAP o 6 elusters UMAP on 6 elusters
1 “ﬁy' "
w . et
FRey

pETY L0 o E 10
3 ,
[ '{bi. £
§ o Sl Y L §
E % £
- g £
2 2
£ i
£ £,

k-means

SSNE on § clusters

¢ WDW:HLN\ “ ¥
E R=
= 78 T a2 7E:]
(o)) O
548

k-medoids

t-SNE on 6 clusters

9l PWLR H]

[e]

al
Tr‘—|}\

—

Hierarchical (Complete)

LENE on 6 clusters

of 27at AlZkatut

Spectral

t-SME on 6 chusters.

E1
: E P 20
: i ) '
M oy o o) -
g § it e 4 =
o T b e i
£ i g :°
=L i L gL L
” :
-
20 o -
1w o 10 Y = 'y o 70 -0 -1 o 1o E) 15 10 -5 o 5 w0 1% E
LANE Dimension 1 +58L Dvemernion: 1 LSNE Dimencion 1 FSNE Ddmention |
UMAP on 6 chusters % UMAP on € clusters UMAP on 6 clusters UMAP on & clusters
, i
*
N »
: |
£ Pty "."’-' E 5 o
5 4 + . j" E s Y
+
n ; il &t +¢:, 5 :
¥ i‘;‘%ﬁ ; :
= e s
3 ; p P P PR TR T T T R T : 3 3 x 3 H p i
UMAP Dirrenaian | UMAP Dimenpen | UMAP Dimansion § UMAP Dimenion L
T3] B 5174 0] Ko H] S 2 A 9] #AI5} A)|ZhehA
[— 4 27] =20 117 1_] PWLR T 1w vy A = =
k-means k-medoids Hierarchical (Complete) Spectral
tSNE on 6 clusters t-SNE on 6 clustess TSNE on 6 clusters 15HE on 6 chusters
P #
il 0 + ‘ sl e 1
- » i
< & i
o . 2 "
T 2 & % E E
SEEE. : i £
L 3 P N - E = E o
o v + ¥ 2 * -
=10 5 Sl e 3 i—
* Sl b =0 =i
" sig
a0
0
20 =1n 1 -5 a B 10 1 20 a 5 1 15 70 =20 15 =10 =5 [ 5 10 15 =20 =10 o 0 F)
SKE Dimension 1 58 Blonersion 1 +ENE Binension | AT Bimenshon 1
UMAP on & clusters UMAP 0 6 clusters UMAP on & clustars
& L Py ]
o K
~ 13 : ‘8, 1 « " i
ot & CR . + .
¢ Eus A P Jac: Y £ . £°
1 i 'f'f - £ . £
. i ut? W £
&° b e e . £ g it
n g y ¥ 4»'\"*.,;,'.‘ - A 2 3
Ssa e " 33 ol | 7 =
3 u“.,,q_ﬁ e e 7 3
as i K e o
v
2 a0 + . T

a
UMAP Dirmensian |

H 3
UMAZ Dimension §




- QRN TS T T OB KT ARele] A8 o5 22 A8 4 S P
Aoy BFE Y&%7] 9989 249 WA ol HETAY Y SAIEI} 2L 2 OB
MRS AT} b o5 ZIRIMS) BRI R 2R 4 o0, AR IS
o1 ZIAol TRt &2 B Abxte] 8 AFR71ES §l Y RALETL B RA IE ulg
S Mgstel (144-28)2 2ol S I57IZNAY QRN B2 BEF 4+ AL

16 100 180 280 10 100 190 280 10 100 190 280
Days In Mitk {day) Days In Milk {day) Days in Milk {day)

- B19TH 7 fALER TRsl] ALSHY ZA7E R2EE AE AEF 4 900 vnd
3 olgfo] Qi A% by 2 29 OB vlGRHES SARA FEY & UL

- b8 81924 dlojEp} Aof olo] ohEt AF AWe bSO EE veTHE Eo
A&k 2 Brks iR S0 W AN HSTHL ulFoR o5 29 AP )

AE o5 A eapt g Zlos JdiE

- 226 -



4.3.2 HAled 22 Xg 2
O E=EEdRE X} Bl

- ohtg) dlolfehg o &ato] JHAITY S-S 2steA7]o] HuA O
o0] £3] YoolEl7]¥ O] A9 tlolg LEu WAE At A
= o]

|1

Of

=
T4 Aol Wsto] Foldt BEASS Ueh

- (#4-17)9] 2atE EMiz ¥

0,

I
ol

o

H] .5}

[#4-17] EEfHTER 2745 Bl

20209 (1~12%) 202149 (1~99)
SAZ1%E glgolg 7|8t | A7 N glgo] & 7] gk
Accuracy 76.39% 0.28% 79.87% 4.22%
Recall 22.84% 100% 19.52% 100%
Precision 21.54% 0.28% 18.56% 4.22%
F1-Score 22.17% 0.59% 19.03% 8.11%
O 2atadxt o528 QA vl
- BOIUA} |50 L SAY|Y Blo] W 5-674Y QAP LASH:
7]

o
W 2To] fAs] A7) w2
2]

ZEER DR L PN ERRELT
ol

[#4-18] ZIA}L o 522 9] H A} H|w

K

AX

ro

2020 (1~12%) 20219 (1~9%)

SAZIRE ggolE7|et | AR glg|o] 7|5t
Absolute Mean 175.21 48.00 158.15 43.44
Standard Deviation 186.33 154.63 190.39 146.97
Root-Mean-Square-Error 255.77 101.42 247.50 86.95

- 227 -

Mo &S

AY
£ Yojols 54 g upgo2 s rolE7|vt Bl R s Aol SA7I Bl
(24-17)0] BAIE 25746 ¥ 9E Rolop T 2

27} g2 goolel
W ol 59 A9 12709 OAPE WAE. T2 ol: (E4-17)9% (1¥4-20)2 vlgoR

So)x 23YT MFOR A3t A2 P Yeolel ]t 2L o 57
N 4 9l At obd
4-29)9} (1234-30)] A5THoNA EAYIN 2B MR} A FHL o)

o O
A WA A AE

>



[1H4-29] 20208 2TLAF ZkRF A (£F: SA718F, & "lHo]g 7§
0.0025 0.030 -
0.0020 - 0.025 -
0.020 -
0.0015 A
0.015
0.0010 A
0.010
0.0005
0.005 -
0.0000 - . . . > .
500 1000 1500 2000 2500 b 2200 00 e G 5
[1H4-30] 20218 2TLAF ZkRF A (£F: SA718F, & "lHo]g 7§
0.0035 -
0.030 -
0.0030 -
0.025 4
0.0025 -
0.0020 - 0-0201
0.0015 0.015 4
0.0010 - 0.010 4
0.0005 - 0.005 -
0.0000 - . . - . 0.000 . ; - ; |
0 500 1000 1500 2000 2500 -2000 -1500 -1000 -500 0

O ZHIGAT o523 QAL vl
L:]Oﬂ 7}77}—?— QXIS BgS. wlgo]gr|¥t malo] A
ZF Yl o|&0] 9l9lon oo wje} BEgrAX} o &

(o))

a
- TEfUAR B2l 49 FYut v st YEIE st
o] 717t &le} o2 3]o]A 9] S (skewed)S &Holat

AV BELe of g4 Aol REjUAt QRS Uehglon] weolel /|yt B

210 21
A9 BuUxt ] SERLAolN B 9
oMot el 8 oAtE AR 4 9

A 2} wejolelsy =

[#4-19] =EjL} o 50 37 QA vl
2020 (1~12%9) 20219 (1~99)
SA718E geolE7|et | SA7IRE glgjo] & 7]k
Absolute Mean 240.33 373.52 240.20 350.77
Standard Deviation 284.80 330.46 294.55 318.71
Root-Mean-Square-Error 372.65 298.72 380.08 473.93

- 228 -



[1=4-31] 2020 d =LA RERF SA| (&) SAIE, & Hdlo]g7]eh)

0.0020 0.0014

0.0012 4

0.0015 - 0.0010 -

0.0008 +
0.0010 -

0.0006 4

0.0005 - 0100647

0.0002 +

0.0000

0.0000

500 0 500 1000 1500 2000 2500 3000 2500 2000 -1500  -1000  -500

[1=4-32] 2021'd =LA RPRE SA| (&) SAPIEE, & Hdo]g7]¥h)

=

0.0014 4

0.0020 A
0.0012 4

0.0015 4 0.0010 4

0.0008 -

Sl 0.0006
0.0004 -
0.0005 -

0.0002 A

0.0000 -

0.0000

0 500 1000 1500 2000 2500 3000 3000 -2500 -2000 -1500 -1000 -500 0 500

4.4 AA
O A7 Zu 28 Yo
- 2 ARlolA e We A dSRde J1E Rl ge) Uoole 2 Ao R Ue Al
A ol 55t ol Ore Ao E ThEe] SAZ Wl B4 Ll
Fol 58412 o I 71E 2o] Abgstd chuel £ dlolel2 vt
YozE RIS 28Y 4 98 I P dolelst Mo gt BUe Drststel A
)

312 23 e 2 Aol e 2g A
F o5 e AT SAFL AFY. Welolelt ALgHIA] ke Aol AR
o5 Faest o) BolA A9 i U 2F SAFL 5§ 715e xEY YolA
5ol 5%

2 dlojele] Bajz 9laf neo] o] ofalg. o] 5
Ao sl FsREolA J1E0] eGstd HEE SN A A o S5RDLS ol g5t

g Deut 82 229 olEolA 7|E wdlo] A3
F2 AR 5 S ol O oSG v B
O

=2 T
oEAQ ATl 71E BT FF P SHALY FAFES A2 FoAFY ©

(o]
o

offi %
e o
>

uu o



- (B4-2002 2 AFIOIA A)E B 2022 A9 WAL GEATHEES D MR gD
A AR E 9Ex158]9 20229 o 5
Ant GaoE717H19~99)0] A AL 1.89%0A 0.44% 2, 202214 FA| o] 5713to]
AU AT 2.35%0014 0.66%=2 44T

[84-20] 20229 Ug WA o527} (S U AR ¥ §2A A1)

) AL A TE)

¥ snsu daw | sn A dEw | of |23 5 asg | oA
14 172.8 173.851 0.61% 169.873 -1.69%
294 160.3 164.031 2.33% 160.278 -0.01%
34 179.8 183.177 1.88% 178.986 -0.45%
49 178.3 181.881 2.01% 177.720 -0.33%
= 182.5 186.709 2.31% 182.437 -0.03%
(=) 170.8 173.856 1.79% 169.878 -0.54%
74 170 173.886 2.29% 169.907 -0.05%
84 166 169.368 2.03% 165.493 -0.31%
9¥ 163 165.953 1.81% 162.156 -0.52%
10¥ | 168.3 173.435 3.05% 169.467 0.69%
11¥ | 163.5 169.338 3.57% 165.464 1.20%
124 | 170 177.707 4.53% 173.641 2.14%
gt | 170.748 174.746 1.89% 170.748 0.44%
o2 | 170.442 174.433 2.35% 170.442 0.66%

+ 20219 109 o ol=Aclole] BEME 5] 20224 109 ol o 5WAE sk
o BFLS 9WY BRe, Wars 2R BRS Uerd

3HH, 202047 20219 HIFO 2 & ATAT SHIAFET UL W FZHE o] E3lo] of
Hote ol MY AWE & 02 WHE 9oy 202249 YAE] o5y ulws}
92 o =ejgu AHY HGBHL ol &5t Aol JME B9 Y AL Mg ol

(£4-21)2 AL BT} B v]§2HL AL o] 53 Auk(A%: 93.70%)2 SE 057
ZH12~9%)0] HAZLOAZL 5.01%004 1.78%2, 2022 AA| o] 57|7ke] HAZ AP}

- 230 -



[£4-21] 20221 99 BAF OI5AT (2F3|HE L DB UGB A1§)

X AR UE)

¥ [Gsnsa daz | 58 @ dag | on | w9 5 sz | oA
14 172.8 178.015 3.02% 166.801 -3.47%
294 160.3 167.872 4.72% 157.297 -1.87%
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84 166 176.118 6.1% 165.024 -0.59%
94 163 175.297 7.54% 164.254 0.77%
104 | 168.3 185.685 10.33% 173.988 3.38%
114 | 163.5 183.102 11.99% 171.568 4.93%
124 | 170 193.608 13.89% 181.411 6.71%
ot | 170.748 180.046 5.01% 168.704 1.78%
=2 | 170.442 181.900 6.77% 170.442 2.59%
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4.5 FaF9

- Cunha, D.D.N.F.V.D.: Pereira, J.C.; Silva, F.F.e.; Silva, O.F.d.; Campos, J.L.; Braga,
J.A.M. Selection of models of lactation curves to use in milk production simulation
systems. Rev. Bras. De Zootec 2010, 39, 891-902.

- Murphy, M. D.; O'Mahony, M. ]J.; Shalloo, L.; French, P.; Upton, J. Comparison of
modeling techniques for milk-production forecasting. /. Dairy Sci 2014, 97,
3352-3363.

- Lee, M.; Lee, S.; Park, J.; Seo, S. Clustering and Characterization of the Lactation
Curves of Dairy Cows Using K-Medoids Clustering Algorithm. Animals 2020, 10.

- 231 -



=
10

i

H
i

o]
AA

A
e

Xl SH
H =

CT &H| s HolEfol 7He & o|Z7|F ICT &H| Hlolg =

O

- =L

ll

b L I
KIr

T =

0
] o

ol il
To oju
00 §I
of 10
o0E <!
K &
ONO)

Lch

E

[=)
[=]

=
o

1l

7t

o, HAofetnts| o] S4of w2t o] It

9

ERNE

9

(2) 38 AT7HLdaK

K~ o
WE 2|2 2lel]|® g
S
3
3|8 S(8
T | <t |™ Qo o|S ,_.mﬂ
o< Qo
| ™ wlo
~N o
S SERBEE
nw_ oy <|m A o|S o~
© o< Qo
= | ™ vl
S -
H
o-
1] pe L e
= |kl — Rl =Kl
Gy Gy Gy
= 1= =
M (K |5 |
o [ o [< o | <"
—~ | @
o ) .
M;_ S| 8 wo| s
e 2 T HO | K
ujr ._“__.__.._ 3 =
i
o
1 _
K <
&
ol
X0
ur
3
g )
B 3l
K ~
El +

z K KD
10 T - m__ i oM
= 3 NS H A
=0 = ur x
5 2 2 2 .
< o o o o
il =} o =} o
woom
A © | =
14 [S) o H =
| T . -
pry — N _ —
ol O — u il
S L I -
3l = — m| &R X <l
ER R e 2
2 Tof ok = Ko 8 N
KO KH |- ol N |70 00 T 0F
o AjoEw s |oE<0RI| o
— KH
IF
2 1[0
=2
TP ==
._.1._ )
rr
i
o
—_— o o o o
I_%I [aV] <t (V] (V]
K
oF
T
ol il Gl il
Ey N = o
o wa | @ |
=f | o |=
. ok — H o <l
ow- & | F0 | ow |
G I T R
= mu_ H= o <k = orl
Mg | T@ | D@ [ w
— S Ll ol S o0 o 3
T < Ho T < K=
— oV ™ <

L=

st

o
=]

0

[ ol

- 232 -



(3) MlF H2A A7FiAnt
(B8 A 2H]
O =2(=ZUde M st=X|) AR
_ = _ ~ SCIE o & SEHS
HS =g steXd | FHAY| S o | ez H L AICES,
= R e & scemiscip)| M assn) |711E
Analysis of the Factors
Influencing Body Weight )
1 | Variation in Hanwoo Steers | Animals | Z=#Zl | 10(8) [2%lA | MDPI SCIE 2020-07-25|2076-2615| 100
Using an Automated
Weighing System
Clustering and
Characterization of the olalz
2 Lactation Curves of Dairy Animals ol;g 10(8) | A9 MDPI SCIE 2020-08-04(2076-2615| 100
Cows Using K-Medoids i
Clustering Algorithm
Wearable Wireless Biosensor
3 | Technology for Monitoring | Animals | Ol2lZ& |11(10)| 29| MDPI SCIE 2021-09-23|2076-2615| 100
Cattle: A Review
] HEATE I
CH2F o|o[E{ 9t &2t glojzta = B} o 5t B IE
4 | NFYZS 0|83 FHaol Sletg | IR [ 1701) | o5 [AO1WBH|  HISCE  [2021-06-30(2092-8114| 100
T Aot 5 gy i—E—XI = 7tsts|
, StRAZE _ _
T AAL ColE{ k-H Qlojzad ) oy 3 StEATE
5 THEE S8 HAol dd 7|_;_§|° ojdE | 17(1) D|§ %lo‘iﬁﬁ‘_g H|SCIE 2021-06-30|2092-8114| 100
HsoH 45 E—E—KI = 7tsts|
#2 us mote g sa (UL L oim | e (s=enl] 2022-01-31
81 s g an | EFE | O am) | 63 | el ISCIE \*Giimoy) (197574701 100
A Vector Representation of )
7 | Lactation Curves for Dairy |Agriculture | O|AM = AQIA | MDPI SCIE (MAKE) |2077-0472| 50
Cows
O 2l & I ==s|e wWx
HS slo| HA ELEvPN 2hE A = =
. ) ) ) =oirlistm
SIZATEYZHTEIISHE X EVIE= 5 M= —05— SoH= 10|
1 St AT EQ oY HItets w328 &A=z o|d = 2019-05-17 HoZotm 5155 cfstal=
2019 &= St EX|ZALR &S| st F4HEH oh3) _ Zattfstn =
2 ZENEXY U H568 SHSUES A | 2019706728 | o\ e | HEEE
_ _ _ Z=Oolr] §|F—y
3 SRATEQOIUHEIISE Maos EASEHE | I | 2010-06-17 | . Sed | gaioiz
M2z stat 515%
e s 2efel ~
4 SH X ALSH| olelzd | 2020-08-28 stol=
(e—Conference)
ol ebal Sl mb Al = s =2zfel =
5 HEXE| &g FA =3 o & 2020-11-06 i stol=:
(e—Conference)
6 StEAZEQo A ™IIEts| M348 EAstswEdlg Sk} 2021-05-14 | Mok Al2fAH(O| cf etal=
7 SEAoZEQoi T EItEts| M345 EAStELEING | 240 | 2021-05-14 | Mok dlzjAgo] | Cishel=

- 233 -



A
(=]

T

oo Ip

ol &
ot X X
3 3 3
X 2 2
e g
Tl N o~
[oVINep]
THr S
1o —
- 8
THr __ﬂ___._ T <
tlo o T
ujo o
(V]
ol o 50
THr 3o N
Ujo ol of
T lof
tjo Tl
Lo L ©
[S20ve) ISEY
Fl| 50 | 89
KE | Yoo Y
ol ©5 | 256
K o o
ol | T | Pow
o (o)) Au o h_/_
| S S
[aV] [aV]
ol | W B o B
o | oW o N
Kl ol of ol of
mr i
0 ol o
mr Tod 10d
o o
R ol 11 o K
mE | UH | HE
ov K oo 10 )
o ™ Tk | kg
N ol —
Tl wﬁ T @ | oK
N o< | W
hll gl
FH | 53 | W
I ol _AA_N I
K iR 7l
iof - o

100

o

00
__o__._._
Gl
<

<

[TH 374

L (|

E

goll J EAIE

o
T

g ofld

=13
=

o

700

7|Et

b

=3

A

of

ES

Klo
ol

b

oK

<

= ||
m;r ol Tl
ol [0l
==
m_._._ O |0
i | 3|4
WD
ol SRR
N
g2
o515
(DD
| 5|5
ol £l
w| |
= o|c
Ko —
ol =
U |
e
Ko | < |=
oI [0 |
= |1
O |10
T
O
o |on
=l
~ |88
ENIE
Ko iz |z
ol |mm|mm
b

S
Klo [Klo
H 135
OO
_M|_m X (X
o e

Il

[EXA dat]

Fo)
"M
Ry
KO
w bvul
0| F
@ S
%_._._ o
~ od %
w3
FO\
— [aN]
T _| @] o
pall ol| o —
X |
Wal 2| &
N Q| &
al ol
— .| H | B
<H |
<IN T | W
uzol |
NT 3|2
K | K-
ol oyl K
2 (1 2|80 o
or [ T %mq_
= ﬂqxl_t
< |m 0|l oK
A [T <l
= < |t It
<f _LarAr._muo
N [H0 =g T
LK —
ar KJ
Rz
o m| W | <M
uOF| =1 | &I
= KRr Rr
__0._ — [aV]

s}

HE

P

=)

O At

< 7o
~ <k
H
i B! &
ElE) &
il
oL
!
ar| —
Kl
= — o
ClFw 3
i wd @
~ »
il vy
" m o
ol Z
o — Ut
N OO o,
oo |mh = o ol o T
= | D W= =
) < = | oF <R
o S up
- = il
a| = =
o UE = ol <]
_mw o H0 m.__u <
O 5 A% oo o7
N = 3
2 =
3r
3 i
e el
60 ™
] Ho
50 R
< <
o <
o — =
ol w_. A|_=
=~ 10 n
i K
of —
B

i

Z Mg, 7IE A

* 2J A|_|x-||

3, B EE 2ol

T
ol
IO W
0 ar
. Kl
R =
<l o
Hio
3
_ o
T 3
ol ©
(o))
i)
ulll
of
:._|
3l
K
=
oH| o
®| S
= | ©
)
[}
_.I|
H
8. Q
B N
Bl
ol
|
=
| =
K| oI
up S|
Jum_._.m o Tl
o |l I
S o 00
= —
< O ol
o
o
hnl
Ho
ar

- 234 -



|~ 4nf]

k=1

[Ab

0fo

00
ol
"
%0

=2
S

ey o

|

H

B

(o]

0}
ol

2021

Cile
~ IF
70l 10
10

B0
"’

HEALZ oAl

IH R

A ek

7ol
H
IH
I+
1
o3

<+

-

ol
ol
o

ne

iz
ar

AL

xX=E
==,

=2(X At

== At

o]

s

S o R B AV /T I At A T O Bl I B
O=._ o] [ce] [e)] O — Yo © (@] (@] [ap] [p] < (o] N~ N~ e} m
H_-_ o o o o o o o — — o o o o o o 4_| |
| | | | | | | | | [ | | | | | o | o
__c__o (0] (o)) (o) [o0] o o o o o — — — — — — — —
o o o o o o o o o o o o o o o = =
[aV] [aV] [aV] [aV] [aV] [aV) N [aV] [aV] [aV] [aV] [aV) [aV] N [aV] o o
Al N
<
o R
_ <l =
o K )
] K0
_A_T gﬁ 1] ]
1| = U = =
U Il ) o <
_“__n_ OM % m M/_ _.Aln_,
o |- | MEIT A &
| | = o, ~N =
._M_V _um 700 ._mm | B | Th = &
i ERE DVRC v ] 2
<o = w_ <U|Ho|ol|®d ol =
o M EREE I LRI P i 5
= B0 ar H |z | o =< =
=3 I i R U] KI=Z = | X
U\ |y | B o | T (0|3 | S B 5EE (T |
AEIREIEIEIE TR ek 5 | &
o <1 jar o || — 03|30 20 mm
2 T AT Ay 2|
« = NIRAE | Oy
iy K- | Ho ~ o | - =
El 80| 5r o = =
70 bl ~ (K =
Ho — O \nr Wo
ar wl 5
o @)
f0
ar
o]
orl ol &
i _
M__.v ~ <o _x._o
= = .%_ o Ho | Ho k E K
- = KRR ||z |H0] 40 oy oh K
m_ﬂo :._. NIH| o= [T 2 &l
K M= ml|l= =T vl L
= E| ot | K NIRI|IRN | B < a
- or RCjmo| €< | gm|qu|Ho i =
o oF 8 | 2
or o- &
o0 ot
T
il B ®lr|rlk g _
oF ir cull iy RI | k1| &1 mm u_ﬂ_ o
H ~ N~ NN RS 2 2
o ol<v|olo|~|olol2)C Tlele|r
I

o
1

o

Ry
<

<r

=
o

)

=
vl

[ AR

e &

[

S

217t

b

=l
=)

=

of

=

=)

A

oF
ol

{7 HA

S

4 (MFDS)

IMF(MSALM, &EA
- 235 -

=(FDA) /

AR

=

H|

)

=

(AA|
[, S

Z7He
=EA

=

H|

(&



[=E vy
= aL

M 33x=AH 48 3

S

WS Al Al

100%

100%

100%

(=]
=
o

LA

= A

AH

, ICTZ171=

JIRE, A=

=
o

2ZE (

A1t o]

]

ol

Al

Ko

KO
Il

-

ol

==

n

H

|
<l

.

ol

il

1!

I}
[
Ko
o

o

ol
ol

<E3 2> FT7IAFTY

1 ulo ™ Klo
— _ o} :
z Rﬁ orl KH Y
R K & =
- El { 1
z u ~ T
% 2 AT |a
= — K
= & S H %
1o} ! 2 Pl 0
IH 4 H .,_Al .A._
0 _An_ x—. _.__o =
oH oo M 0 = - mxw
oFl o Tod . T nl
iy -, 7 _”__._._._
K T ol | H KO
zl o+ of |0 i G+ m“
- = I R K
i - |op | R mn oy 2
i = |alF E T
_ W ~ u K < _l_ £l
0 - —
.“m_m Mﬁ n or ujo My ol = ok
° | & of oy ©
ir | m | Ty | o0 K Ho o | T | KO
~ | < KT [ 2| RO | HE
Dl T | T = WEA
ok X |5 N ) nr SN
= o = ° - o R AL 0
| S 7 T N ~ooE | _, | 3T
K H | o ol | K = = ok
uo | K | ~ © K S oo Ho
o A | oo = N o -
= gL (M| N |l |6 |4
- a | o | o |3 wE R | | W
bl B =X B PE RS
ol |._AI _.___| N HI _.5|_ o =) =+ ™
A2 B " & 3B 0A7 | ok | M
11 |y K == o Hu | ., | H
S E _ Ko %0 g0 = mlx . ol
= < | 9 - | =X K — uo = | K | oml
.WE ol | o H pales ™ Wﬂ <] = | K- | K
| o =) 9 o il _
2 || B % T Tz
= | o Mo i) o& |3 |d
2 o | EN || Hx |3 _.|W|F
= =2 T | M A SOl | BT
1l o | &0 ~ - oK |®
G| s 2o | YR DI | o | N Ko
o N - | Bl KH A HOOW |y,
|+ FRER ] HOM | gy | o
of = | & H| - & ~ 7ol - K
T TR R we || ¥ w2 |
;. 1| e | - TR | ol
| ko Ko
| - = S 5
" w2 B | a2 || Ko
<0 | OH — | XD | of | %R0 0| ™ #1 | i
= 4 S I-RO|of | KT Ko | = | =
Ble || B Bz | W
H N ES <1 0
il ! Tr ur
- ujo ~

=]
mr

K

HO|E 0] Al

F

o
=

O ICT &#d| &

-
ol
—

E

ICT &

©)

ol

=

O ICTEE dldlolH

-+

ol

il

@
ol
=)

=l
00

.

Falll

I}

A

<

<

160

- 236 -




4% 2E 0jgk A olEA

1) 52 0l AAAR) AAZH HE

<oj Z04>
MEZo| YPAT HAS HHMSID AT EE £IIMOE WH JIS3H ICTI|7|e T2EeS
2 Zotets Zio| MEsbo| 3t HAIXol HEoz meig|of 0 Boks MEMD 7|
ol P 2Aro| X3} obxslol Faist

<EE>

Clolel EHoll AlZkS B0l B[R Zetol /l= Ho[EE & & JUXF o5 Liig|
52 2Ag 220t UAMS. 0|2 2o daF o5 222t 1O 5tel 22 S0| A HolHE
Zlgte 2 SEISH| flof AFAel sEolAM el A2t 227 AEs| YlsE. Eot JHE
OlEf2] ZF L ofl&t o|latez HMet=lo] 2[4l 7[e&8 HESH= A0l 27135t 20] ofol &
Fo| JHM kel HlolE et thHekel SAES HAIRt |2 Yol &4 7|¥ 2 1etsto] HE3S|
A=, O Zn AFZA ¢E0] MM oz XHeRdon] 149 =20 otX7HA| A AL &

of AS.

<of 59>
HESE ool W2 S HOIE0l BT S 2ol HE AT ofa vieis S6 =2
Z gobe ol Boln], w5 22RO BEOR LEICT SHBMME 292 Sa 22t
Mo~ ZYE DTs2 DWstol S2 Alo|=EYol B2 Hujg ofHel

<E5S55>
S5l 2 2= S, 5555 IHollM EatAtetol tiet A7 ME & 2ot ir|Sd
<EE>

O AT B3t HOIER0l 22 2IsiM LR =Y0f HYn Z2eE £TEY
of M2 9I5to] FulPH el HEU SF| Fotet HANHS I=5t HINOE o
Zdyote T30 HEY
e FEe KCAS L B MBS S5101 YMET Y MBI Lo =200 N
DM LB B SRI(AEY, BI04 5, 917 Fulel 2, MU 2H, ¥
Zeol ICT717] BH 5)8 thSstef chael SHYSS MAIE

= :
ATIHLUMBH (O 22| 2 2E oM ME|ASHEZ(HSTER)22 TeatA| oiegst 2H7F &

A o
MRS APE Q| T AL 22 & ATZ AUt ClolE MBS MAIE
S0l 10l TE| WRAl HsA S50 el T| G0l oot MR RABSE AA|
st o1yt oreMoz MY @ 4 UTS

O 7t& Co|E{2t 718 ATE S tiZMoz ZA4510{ Tt SHXIE 0| E5t0] B 0| &




o= ZAg9aE 288 = 9= E0E 0ldslgs. 53] 299 Za8 TS A
oF

09
ot
T b

D AAER ool FE7| 2ol M ket 95 ICTH OB 2f RH S A st0] M Eatet

T UAES R YU o5 22 FASHA HUSIUS. tl|E ololef £ Z elsf 7[&

EE*' Che| et Y8 JHKIX= 25t S 7|82 2 285 EFE Y4SF7|22

| 2lololE 7|8k 2Eo] o{EHA AAE & U=XE Ect= I*ﬂi 3 AAoof oigh AA|

’é'?:.*% Sofl &% AdTst oMol S5 2 SHES MAISIRUCtE HolM AFIES
MAS| 23isles o/ =5t
(=) M = H o 3 -

SsololE| 22tel MHlA BUE BFOR s sFolA 07|15 ICTHOIE X AR
BES S SUtel MM B 2 ZEIHMo| 7of

s Rolof Al S8 HOIER0l U AHA RS B cleket HisEb|ol Hole] ¢S
SER sHE AT, HF Mulx 2 7MY B 7|0

015 &85t s#ate| crebst LisFulel HH2 S clolef oA
= 12702 2ol &= 0|7|E& ICT7|7|2| tlole AAHE
s|yste solol talME Fulel 23 o clole @8 MuAE HI3E Az
SHOIA crest HolE 8 7 =

.I

=% St Mz AMEESH JiMotE AES of npstA ol ghgt
of 7|=ZXt=z M0l Jtse AWz EEt E.

ICTHlole =&EX & Mu|A ZAHE'S &-E5t0{ ‘ADELYES(SDF) ZHEEE J&S
sals <45ICT S8 HHME> 28 Y Mu|A SAHE DTS S6 CTHOIH 28 &
zig A=Y o ICTHOIE SREAES 75 UisrEs e dis Heelds 2R
Tz ST 3s2ES Soll ICTME[A 25 DEst FRE A=,

O 7HAHE ICTHIOlE{2} 2|7 |58 HE A5t Y % =J|4E Mu[ARE J{gh gl o
R A, FRER Mol Ay glg So| JHAE MMM HEtE Jldte 2 St ZEf o ALH
MRl MujAzd Jjure A

< AT MT 2EAE >
TE(HY ¥ FMF M =) ATNYL Z2 F 54 oL
SCIE 1
== HISCIE
A 1

- 238 -



g4y A=

1) A BTt M

—_

El
ol

0

- 239 -



ARG Ik 4 M

oA s E
M S 318005-4
A& oMY M| STl gL
o120} 0 I - AlAH che)
I 7
A SHUSANE AT LAY o
E25 2| x| ekg B2 2%} 7\ R b
HsOole 85382 %I?_F Holg =& &kx| o=
oA IH | 2t snas o1 P 2l R} ESVES
A Xt 7|2t HE olzZk A
S 1AHA S [18.04.26 - 18.12.31 225 000 225 000 450,000
== OXHAE  19.01.01 - 19.12.31 300,000 300,000 600,000
o 7| 2| .
(s 3XFAT  [20.01.01 - 20.12.31 300,000 300,000 600,000
- ARPA S [21.01.01 - 21.12.31 300,000 300,000 600,000
A 18.04.26 - 21.13.31| 1,125,000 1,125,000 2 250,000
Zoi7|e | ojuEl2EE YD SYHSD PSS EAYHSE
Ao = AbCH = o ) T | 2t
% B AT7IZH0| AT olael ZR M FII0 BN 2
2. "I : 2022.02.11.
3. YIIRH AT AR} @ =R &=
e zj9) JEEE
L X 5 5 = =M E
4. GYIIRHA L2 R} Ehol
2012 "I A Tixof cifE AFZofol| Cfste] WMo Z J|&sIHon, SHSHH HIleIHSS &etsin,
2 X271 27 L ME7|& "HoF Aol 7| =XR R EEET|E HiE ]
s of ESPLIE S

- 240 -




o

ICTZ171] ol&

i olZI&

0

o
s s

=

ol et

=]

of,

o

EE MA=EY

| -

o

ol 7}

=<

ol

A

r o Tl
Tk oo
T %l W o ! 2 % g
=g O w_w o I T~ L) on ™
— 1 o = 00 o oY 4 I CERT
MN._._._. - ﬂlro < <Hu o
oo __ 3 ol T — H = R
W 30 & 0 T W W 2 o AL
0 K T 3 g i ol NoF
W oof . 2 D 3 o U o o, 0
=X = N0 R h) -« B {|m ol =
.E._._._ |_A_._._._ H0||._AI|._AI.Ao : P~ m__.Eou_o AT
me W o5 g s 2 MJ:_%O_E
. <t — w0 — b = 1 1 K
Toll MR 4N i+ J__Mw N _/o m_T_ = .__lw " ol T
_ 1|0. ! e —_
r M2 B o B S = M AT
H X R W o O = S ujo AR
= ' L N - W <
5% o i %1 il i e
& T W 5 o OF 3 K- o o ¥ D -
o s T 2 0 2y - 2, ) =3 3 o
7 = — o — m = il gl =
i SN Ho d s _ﬂu_.un H of & 2 g
oy N = om o M o DN ol O o
o Wu_/re._uxr Wﬂ%n._ ok oF . MW%_%L
~ ol T N z ¥ o ey o
il O 4 W m S W g R R OF L
i do o RK L ol o < i O =
R — Ho — n1 oF < _ _r op "~ 00 5
_ Noor N b _.E:Iol_ K = ol 1o
ol S Ty ol 0l K W o0 0
° o K H . ® I
=1 S _ OF oo i <l - =
~ I__/I -n - = & il o' =
< A~ %_n g 1[0 oK % RU- H m. %m iH o O & Ho
= oI W | X S m Ko 2 o E G f % 3L
T or o ol o o0 |_._n__ M.._ M = X0 o7 Wo © < ok
_ m ul o ol il H HATﬁ - oo el qmm_._ﬂeao
o iod o |or~ o KIr - Kl <0 oF = ._nu < K| N i Hd K]
= 7l K ol Bl o o T ™ = - NI ok
0| CRWmE | = w T o N 50 3 T o o N
s | = g1 D o = K0 30 5 2 = =X B oI
E| g WL B | TS @ Ty BT sam
_ e = = ol =1 u_ (] =)
O = 12 = h w0 o o Y _ . S T -
= ™ F ] o o= © O U oF | 2 H oll = <5 . =l o K = u
- oo | D 5= EIN R o = 520w = M| W e s
oW L F T g om T up Tk 2 I R - = o o=
< = RN T o= = Ol oW T LW [0 w1 Ho 2
IH Lo <z OF - T o | D W T ol 8 e Mo . W W T ir O
_ o | 3L 3 @ K 3 ~ S o n - Blaxz| o
= 3 8l <2 | T ol el ~ o
- m . o O I T W
M“_ N 1 T 13

- 241




go O | H T H ol
g 2 RGN wp | zvgooap H_mw
e[ T | o Al = <l o
= % 5 |wEym |TTm | W
~ = ol < O
N T | W = mu H X Ko i
- s D ZI H
5 R A2y R I X o I
] W NN |emn |[R
ul no el ol — o ol R or <k
LW o™ " < | W Mn 10 Rd g RO up
MO ® < I 0 Ko | Tl i o3 Wy <0 K o
[ = - N 3
e R R T - DA S . - 1 N B
RAN Ul =0 i} K0 ol ol o ST H_._ ol
K K A_ __O._ ph o“_o o B =
ok 6d i — <V 0fo wr = ™
m ® | w KI ol 3 K
W M e R e s
o o3 A AT [ Ha jmwd o
0y o = HoZo | &R = uon_ ~ fIr
= WQH ar = :n:mmue kg @ HoF
— U T << S| =T -
0 — KR o K0 KO < — o = 2. <l
AW B OO %%W% OT_LO_EE_ Mmo
(T iy iy S e e I B L T e
o O o M 3l Bl OFOFO M | RO T T | O of
gl s S S s | g
<V o
|_|._._.= ~ — — — — —
LRI 3 S & | 8|8
H 05U ol T < 70
— =~ - — = 10 K
H S o o T
or u) < OF ol oF A|_ S = 10d
M Bl = Wl = w < N o
O |0r_o F o _ S 3l E__E il U
mu_n o 7ol u_._“__ ol %) o1 <0 = 3 3 o
z ] o Ho = Ho ] or 1ol ~ O
Ly W B 3 YR = -
& o KO RO T W | TF
S o] — B0 K0 — — A paleyl
T KK O ok <M O oK O %0 T2

d

™

7ol

Kjo

nl

ol =t=any, ICTZ[7| dlolgf ==

U

ol

12t elefolEl s}t

o

ol

1

K

N
ok

B ol A

2 LEZ35t0]
ICTZI1Z|(Zt77], MAMAM, W2t7|, S0|7|HE 5)

flolE Saf &= HolHE

E

7ol

ol
i
<
Tl

ol

ok

g2 Sall 22kl AMH|

O

7ol

7|

—_—
o

b

K
i
lof
_l|_
MO

I
<l

- 242 -



=35l s7toll ICTZ|7]2]

MH|A

=
S

A
T

I

3RS
= o

10| 852 ICT7(7]12 HiolHE

(e}
H.

!

|
a

[=]
_I_

oo

Azt 24 E HoleE A

o
0
ur

ol
Gl
i
i

<l

I

od

[l
K

2t

HolESol &

E

ol &otoll &

9

=

He o

=
o
3

IV. HotH HE

4

foi Erete

5/

¥ 280 H2

- 243 -

xte| o|7d

H

?_

2. A2 XA o] AEZT

(e}




Hda #SAEAM

AT T

1.

O —~
T | S ~
) >
Keo| D5 o
= s u_.n ~ =
i) - =3 o
= | & s -
=K g 3
u | o N _
ol B Ko p ot
[N ~ Qal w
| m.__ a
R | X =
[e]
TlE| o <
®| T X — | ™
8. ™ | K
® | -
K0 | K- o WV
L. | KI .
o | <k py
L Y ) m
s |2 g
g ~ | =
| - |g|o |4
] __b B- o < K
o | °F o % o | ok
Mo | ofu 1| S A
e o ~ | oo | OlF
KO | joll | o N Al =
Ro|or| ko] N Q|3
S| oo | K
| 4o
woar o
= - (@) ..
X l10o o | ©
M| T IR ok
o | Ho =2 S RS
000 | Ar o <2 =}
oF 0 H 9 = 00
I_.A_I O — murd ﬁ
D — A._ m]
0O
2 _ P
o B | & o ~ 180
T
TR T E|
51| |3 - | of
< | 3 mﬁ Bl T | KE

=

72% tol 2

T

o o1 o il
o 0 I
K e . il Kl =
W 4o | T 1 ) g
—~ x| = M T . KIr
uo = _ H | 2 _ T0 =
KO o | © ul | = ol = ©
I S | = 1 iy <l <l
Aol 20 T luo@m YO oy
.__.A_._._ ~ r — = _HT_ 7 _HT_
- N =) o i M._ 1] =
N o = = o
Tl | ~ Mm ™ U ko P = il M
_ 193 B I~ I AR ) 7o
Fa) S 160 IAY ol gl F =1
- E_ - _._.lo - (@] 2 o
o o < | < Kd g KO r
M= m Ko | o1 < W 00
HMIE = R | H dp k <0 o
o | = H 7 & I = X0 iy
™~ - — < - __e._ﬁ - A_l - O I
+ &0 @l KO 10d S = W H
By _|__ __O._ - _L.E = o -
o e U O B I R
K| R~ Ho e KD B
. I ok | <k
Ho - <l |~ o _— | 80 gy u-
= u — -+ - - wl =+ .AO
_|__ > s &o <0 N ) 10 P o
= X ar = == = oF o o <
Wo— W | KO RO T o9 ,
Do o WO 2 ok wuouf M
RO Ul || ™o | o I oRE |
o 9 ™ | 3 8 OF ok © | &kr o0 ol )}
ok ok i =) T
) 3 . o) R
Kk Ol ok il <
i el 3l o 0
o o N S = ol
T, E2 R 8 s
gr | e | Uog | ow D © o0
M| F= |28 o@ uy l
10 o o ™o = 2 o - ol
PR R O SE | H 4
o< | o o <I =0 N =
T KO 7l K0 e i) m;
oS U — w_m T - ol <l
T M O X O o O Jor o K
© S © S ©

~ 244 -



172 E fu| Az}

ay

[m]

ol
ol

o
jus ]

<
N

ok
1

N (Wsin-muooulo)

— o
o WHBT | W o2~ 8
0 i . =
RO mmww | o |2 -~ 8
mlu_ od A 00 X0 0
mm oo g WA
-l - O
.m_.,__m ol < ol 1 = Q| «© N~ o
=) ——
20 HIopmorE — w
N — = S
W 39O r ® o] S
kN noO— A < | ™ 0
~ < o1 Ko T
U &K OF R | 3ol
Moo koK | T
lof
ol <K 3T | F ol
< = =
zma |zomwm S| S8 ~
=] Lo -
K = W wr |l -]~ 8
ol 2
il | - == =r o < ©
W_AI A_.E < pal (DN A_.E _.E = odofd e} > > o
N <l o o
Nel T o |w|l -] 8
n = < @ —[gorkujon
3 Mﬂ H ko uo mr | R
=<
“® | urw o T Sla|~1] 3
e | © |[2] || 3
R A Ll Iy W
X0 o R (R el U e
~N il

<fu

<0
ol

(]
|~
< u|E
=~ ¥l
<0 S
) K4 ok
o | < | B0 | op
~ | 0| —
oF
=1 | OF |
Flor |
T of |
o & il
] o

H0 | 7ol
3 | o | O
— | ol
I o
KO | W |
— | o | KF
O |5 |or
Ko | @ [ <
~ | X[k
S| |

jifd|

i @@ ®

Nd

L e
— DN
1o
[ ﬂ_um_._w -
~ | ROK
B
SF | ™ R
s -
= | KO
%_no w s
0z =
Wl | o o
ks
Qs <0
w|E
N o of
1| 0
uf K|
< a0
NN
Mz
of &
<
ke | T
<t RAO.*_
M <=
N
<0|nr
o | o Hr
= K
Iy e
T K -
TH
< | < | <p
1K N[N~
= oo o
ORISR

273

L

k=]

el

Kl

=B

7
I
RI
P
O
__o“_
5| |
AR
= 20 R
1ot | %0 K]
Sla |1
NS
_, | < )=
oK = Mﬁ
wr | o i
al® |
o0 | oy =) &
B of | o | R
A |z |~ oF
[\ Kir Rl | %0
i S
O =2 | 4| o
T O __A__l
| _ - —_
Wi~ LT
N EAEET
Doty | R0
B
ol MR
Ki =._._o <
o o | ¥
_um__l T Ero
o | K3
<
I ™ O_H
ol_ I._ N_._.._
~N | 80| g
&o o0 | Bl
ar ok |k
o R
% ™ ™ DN
Sla|a |
T @@

- 245 -



£ =
- I pd
o ~w (W SIrkwuoouo) a
= Bl anmzs | © | o | @ | o R
Ed wm ﬁw Kd < N L ~ il
- K -—n — = - Te) - - .
MJ ol | ROE oo T 0 w
N R -
7 ol il 00 X0 B0
= | & —
ks = M or & U _ -
= . - __O <
m:m or < B T < © ~ = n -
G} 00| KT
1 RO — = = o
w0 | HOHEE - 5 wm E% = <
@ pEoom | * °1° | | E o | =
A mo— T < ™ - - | _ g 0
By 4 T o}
o — | < 0f0 H
~ < ol Ko T W N3 2l =
o — | = Hia of0 oF
U K OF R | Frodor =0 ._m i
Mook | B0 - T
ol o ) W
31 K ET | Folow pal 20| R
< =) o) OF _A|._ <a
" Z K 3T ol | 2 3 @ = 0 m_ =
K T M W oI =T RS S 31 20| 0k T R
o o - — <l 4R i
T |Bazg N |FEW| o | 8 |3 5 =
Kl NSl o T 0 - _ .+_A|._ 0
ﬂo g
= n = < o +[Eorkijory S < | %
.__;. { R =
<0 < T | i Ko ulo oy = |z - s Ml
o K& _|1®lE r INIT| R
=3 _._.__ﬁ 1} _.__o _._._.__| |__/|._ m [QV — — ol % 50 m.o ON__ < _
5 7 (NE o (42
o UL B R I m|ds 5 (v uld
o re) =y ™
Ly - " G EEA R i D
5. E: oF Ko 11| N | __M_M R0 Wl S w5
20 0 m = K| R 30 L. o ~| 7
~ W sl B < -

| =
S

H

X}
o

=

My o

-
1,

(F1=x

F

o

ks

[ Ak

5§ 0
212

1

[

to4 HI3Kfof|A|
X

o4 ci2 1 2loi|
A}

k

—

<)

k

—

o
—

S

H

S

g2 A
X LEE A

o

— 246 -

A
g

A
g

Ik &
il 7124

9

o

S{ARp} 1 Lol of
| S8R 1wl of

- E
3) AE3tof &A1

S
7|=0l™ Mol AAZ[HollM 2t



iAol AT E MLt

2.0l E0M uf

=

I

S
=

245 of

712 712 7Xlo 2eeh u

!

=
=

3. =7t




	낙농데이터 융복합을 위한 데이터 수집장치 및 서비스 모델 개발 연구
	요약문
	목차
	1장 연구개발과제의 개요
	1. 연구개발의 개요
	2. 연구개발의 목표 및 내용

	2장 연구개발과제의 수행 과정 및 수행 내용
	1. 주관연구기관(낙농진흥회)
	1.1 낙농데이터 및 표준코드 관리시스템 개발
	1.1.1 데이터 표준화 범위선정
	가. 낙농가 ICT기기 보유현황 조사
	나. ICT기기 분류체계 및 코드체계 정의

	1.1.2 데이터 융복합 방안 수립
	가. 테이블 정의 및 데이터베이스 설계
	나. 기관 데이터 수집체계 구축

	1.1.3 코드변환 시스템 및 ICT기기 통합관리 웹서비스 개발
	가. 낙농데이터 서비스 플랫폼 개발
	나. 상황판 운영


	1.2 통합 게이트웨이 실증시험
	1.2.1 연구목장 선정
	1.2.2 개체별 수의기록 수집
	1.2.3 통합게이트웨이 기능 실증
	1.2.4 통합게이트웨이 데이터 정합성 실증
	1.2.5 유방염모니터링 장비 실증

	1.3 지역별 원유생산예측 모델 실증
	1.3.1 생산예측에 활용가능한 데이터
	1.3.2 생산예측 프로세스 개발 방안
	1.3.3 지역별 생산예측 프로세스 개요
	1.3.4 생산예측 모델 실증


	2. 제1협동기관(애그리로보텍)
	2.1 이기종 ICT기기 데이터 수집용 게이트웨이 개발
	가. 게이트웨이 연결대상 ICT기기 조사
	나. 통합 게이트웨이 설계 및 개발

	2.2 통합 게이트웨이 기반 ICT데이터 수집 및 실시간 전송시스템 개발
	2.3 연구목장 통합 게이트웨이 현장실증시험
	2.4 (과제추가) 유방염 모니터링 장비 개발
	2.5 (추가인증) ICT 통합 게이트웨이 KC인증 획득
	2.6 수집된 데이터를 분석하여 서비스를 제공할 수 있는 온라인 서비스 플랫폼 개발
	2.7 기술실시
	2.8 사업화 및 제품화

	3. 제2협동기관(충남대학교)
	3.1 ICT 생체센서를 활용한 연구결과 데이터베이스(DB) 구축
	3.1.1 ICT 생체센서를 통해 수집 가능한 생체 데이터의 종류 및 정확도 조사
	3.1.2 ICT 센서 데이터를 활용한 진단 모델 조사

	3.2 ICT 생체센서 진단결과와 사양정보의 상관관계 분석모델 개발
	3.2.1 이기종 ICT기기 생성 정보 융복합 알고리즘 개발
	가. ICT기기 데이터 수집 및 조사

	3.2.2 데이터 융복합 플랫폼 구축
	3.2.3 ICT 진단정보 고도화 목표 선정
	가. ICT 생체센서 정보와 사양정보(산유량 등)와의 상관관계 및 민감도 평가
	나. 국내 낙농현장에서 진단의 정확성을 평가할 수 있는 고도화 목표 선정
	다. 진단모델 개발 및 평가를 위한 황금표준(gold standard) 개발


	3.3 생체센서 진단정보 고도화를 위한 빅데이터 분석 알고리즘 및 진단모델 개발
	3.3.1 ICT 진단정보 고도화 목표로 설정된 유방염 진단 모델 개발
	가. 유방염 진단 모델 개발용 데이터베이스 구축
	나. 유방염 진단 모델 개발

	3.3.2 축우영양관리시스템과 낙농 빅데이터를 융합한 목장 단위 사양관리 알고리즘 개발
	3.3.3 이기종 ICT 생체센서 데이터 수치 표준화 모델 개발(추가 과제, 제1세부)

	3.4 사양관리 과학화 모델 개발 및 검증 (4차 년도)
	3.4.1 ICT 융복합 빅데이터를 활용한 유방염 진단 모델의 고도화 및 검증
	3.4.2 이기종 ICT 생체센서 데이터 수치 표준화 모델 개발


	4. 제3협동기관(중앙대학교)
	4.1 원유 생산량 예측을 위한 젖소 표준 생육주기모델 개발
	4.1.1 젖소 표준 생육주기모델 개발
	4.1.2 가용 데이터

	4.2 통계 기반 원유 생산량 예측 모델 개발
	4.2.1 통계 기반 원유 생산량 예측 모델
	4.2.2 통계 산출 및 적용
	4.2.3 통계 적용 결과

	4.3 빅데이터 기반 지능형 원유 생산 예측 모델 개발
	4.3.1 머신러닝 모델 개발 및 적용
	4.3.2 머신러닝 모델 적용 결과
	4.4 제언
	4.5 참고문헌



	3장 연구개발과제의 수행 결과 및 목표 달성 정도
	4장 목표 미달 시 원인분석
	5장 연구개발성과의 관련 분야에 대한 기여 정도
	6장 연구개발성과의 관리 및 활용 계획




