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Ethernet(IEEE802.3); TCP/IP

4
RS-485 ModbusRTU;(2*)9600 bps,(41E#)19200 bps, 57600 bps
LoRa; 917 MHzO{l A
EM LTE: SHAE o Y
i
o IEEEB02.11x(Wi-FiZES}); 902 MHzOIA 928 MHZz7HX], 2.412
T =

M MHZzO| A 2.484 GHz7tX|, 4.915 GHzO||A

ME | |EEE802.15.4(Zigbee); 2405 GHzOIA 2480 GHz7IHX|

IEEE802.15.1(Bluetooth); 2.405 GHzO|Af

7| SBACl Y SEMOI7| ABLA HolS mECH HolH SAWACR AHE MA
9 Fx|o] HlolelE ADIE HA SEHEE| BUE M2 M o{x ok stof 0|5 2lsh Mt
Mol Al oISl Open API 7|¢e] 2 gAlS A U HOjBoRM DETa} JHSHES Al

SHRACH.

= AFNLntAof ZEZetEl R ADEFAM FEE A X HMERs g 22| A

(RS485/Modbus, TTAK.KO-10.0979/R1), AtZ=0|7|(Ethernet HE= RS485 Modbus
SPS-FACT 0001-7293:2018), CCTV 52| &Al ZtH2HSPS-FACT 0001-7293:2018), &2l

& MAMHE =X 2X|(LoRa == WIFi, Bluetooth, Zigbee, SPS-FACT 0001-7293:2018) &
S E&olH ol Rt dS0| 75l sk k.

EZ ™ol 230| Jtsst &2 MHESIEN U= W AAs MM, R F AR, AIRZO0|
7|, Afcteked Fio2l A|AE S2 $37 2AZ = ol E ADIEZAL EgHate| S Zo| ME
& = UEE Holg =& ¥ ME& 232 JHesto] 7|8 Jieks M of7| LolM 7S
SIS st¥ct cioh EF=7|8h Jiers M7 29 242l Open Source 7|2k LINUX 2HAof|
Mo 32 KSR &= Zxle] A% 7t =2 HR|oM HZ ADEZAL S&ate] 2HMH
2} S4lsto] Hole &=2lo| 7lsstE & stUCH

(RUEY 2 HO{S 218t olEfH Ol HB) A0IE FALZ
gmel 2EMHoM BUEY JHsstES

H =<
SO 7)o +&E= /0 ZEZ F2o| WMSIEE xZaejdlo| Jisst #E8 EESICH

Seazley Z2aol ol 2ot Aokl HojE s FE U Helo| JhsE W=
2 2

Ci =7 &% E ZH St FEHSIUCE
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oy |IRSAESCHI Inolatlon | pyag
(] et L
ETH Con Ethernet USE FHL -1:"7 IR%-888-CH2. [oofation
(TRIGOSO2GENL) (RTLE2L1E-VB-CG) T {era108.009-Gw) {5513 isolation
RAS-485-CHA- junigtion |

i
o i, e

USB 2.OHOST Con. USE HUB UsE_cHD usRt_owo ! isalation 5232
[m;;:rlm : - | (GLESOG-MN) = | UART_cHa isolation sParazELY)
| o | s o e . s s el TR RN L o, e .
(BR-762C2-32PIN)
PR -
USB Con, image L gpip— WAL L [ edlation
TYPECD |
{LISB-mink-B) Dowmiode i Lo
Dighal Dutput (BEH] | = = = = = o o o
| GPIO {wij LED} L wpolation
realfarm-controller JHEimPATAZSY] } 1
HIOn Con. i
HOMI 12C_CH3
| (HOMI-1950.0) TR
[FALINUFK Modula) i
LspigHzy MERERRL s pnma ingu o)
MME - 13 G0yt s [ADFATEARTE-REELT)
Console Con, COMSOLE : ADE
{Micro B Type) | | craipagmy | UART-OH2 LPOURS « Aie [ = 5 Input [ZCH)
[MCU-U52105) — oz
i e o S
ms0 (1280m) | 503 | sercus | Aot | oo R
(DM3AT-SF-PEI] | T T (MCP4I712/54)
{BR-762C-32R1IN)
o FFC CABLE
D513300-334) M tatusted [ 5o extBoand
{W/ LED : DI, DO, stc., ] o~ - {CABLE)
GPIO Con. EXT-GPID POWER POWER Con.

|(HEADER PIN 2X10-2 54MM} {16CH] | (DT 24v) (BREY-03-006)
J8 14 702" HOo7| H/WT= EECH0|0{ 13

- LY o7 St=E O Atek2 of2at Zol M.

frem Specification
RockChip(RK3399) & Core

MCu {Dual-cors ARM Cortex-A72 and Quad-core ARM Cortex-A53)

DRAM LPDDRS3 2Gbyte x 2

05 Ubuntu-Arm6&4

Flash eMMC 32Gbyte

ETHERNET 1CH Gigabit Ethemnet Controller 10/100/1000Mbps

USB HOST 4CH (USB 2.0)

HDMI 1CH

COMSOLE 1CH (Micro B Type)

Micro 5D 1CH

RTC 1CH

EXT-GPIO 16CH (GPIO Pin)

RS-485 4CH

RS-232 2CH

DI (Digital Input) 8cH

DO(digital output) 8CH

Al (Analog Input) B6CH

Vi (Voltage Input) 2CH

AQ [Analeg output) BCH

Ext-LED Board Status LED

Power 24@3A

a8 15 WY M7 S5 SLEQN Ar
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Z} o0 MeE} Data’
ELe| Zofo] 2HE

Res. Length Data Checksum

PASTURE_ID | ADDR ADDR_VAL \L

1 Cmd Code s | g1
52h Word Block Read [5l0IE12 woRDEH92 2l &
57h Word Block Write |HIoIE{Z WORDEHEIZ &
72h Bit Block Read [elolE g BITEIIE gioIR
77h [ait Block write EREE i

PASTURE ID SX0[0|Cj(R £ & ; P0D0000000311, X4 : PO00000000321)

ADDR H& 22 Address M, D B2 FE
ADDR_VAL MO|22|9] Z2 1 OR0
DO 22[2] < 2BYTE(]: 30, 5008)

8 26 ICT 2ROl SAMME X AH Open API I3l ME X
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{"PASTURE_ID":"PO00000000311"

,"MM_ADDR":"D000260"
,"MM_VAL":"30"
,"REQ_NO":"100"
,"PROC_YN":"N"

}

JSON Ol Al

HZE HOIEHE AX| PCHAM MHE ¥, siT CIOIHE
Sie HOlEH= BOE APPE Eoff S22 Y LY
e L2 NZW7F 2| ZHsstiCt.
Ol Al 2D : PO00000000311

M| g8 ZEAIZ

7 30(8)

of oist XMzl 83

{"PASTURE_ID":"PO00000000311"

,"MM_ADDR":"D000260"
,"MM_VAL":"30"
,"REQ_NO":"100"
,"PROC_YN™":"Y"

}

2FE LI8E NMeElz MHE ZADE ™MSTiCH
2H W80 A& M| =A™ PROC_YNO| "y,
Me| Mojol 22 "N'e2 MEECH
sig HolE s 1AM M&EICH

Ol Al :2XID : P000000000311

el g5 0 SEAIZ

{"PASTURE_ID":"P000000000391"

/ADDR":"D000260"
/ADDR_VAL":"29"
}
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6) 1Mt Y& ADIEE DEstol| we Mt 5 #Hot

(1) 0 5%

Z7|E HEAl 24 AT 0 SE2 £ 158F2 AISAZE ER/E SR, 435 MY J|&E
ELP 265, B4R 57F, AT 97, S4F 39F, SS0tX| 167, @IS oA] 11F2 FE&ECh &
AL AISHME2 ZRAL 1,875 m®, AFAF 300 m?, SHAL 1,575 m?, EH|A} 880 m? Z2|A}
10 m® olof, A2 FE gefjol, oY= Aol ARAIMo| FH|=0f UACt. PF BA ERIS 2.5
= TEolch sEFe s 29722 20199 7[E 10H0|H, sXf FA S0l et SAH7F T S0l
o, sEF 2 2= 224t 1200l UEE0] Uct O FE2 M AT Al dF S7t2 ICT xS
of 2Axo=2 MAlzl A[F2 20194 s&Edolct

(2) 0 2% 27 YA L EY Ha}

oM oA g EF HiRb ZHol, O =&l ICT &X7F 24X =2 MX|=7] AlZSH A|M2 20194 88 &2
2 Mx|=7] o|™, 20189 €& HH SRS 68,968.3 kg T2 20{ 20192 HS <F 1.
5t 70,120.3 kg FELZ LIEMGCE Ol JHAYE FHFAIAH”, MMYE XS0 248
=lon Jieks Mo J|gh DESIF MA[E 2020, 2021 (9YEHX])e] B EX| AR o[Mel 2018
A | Z+Zb 10.8%(76,447.58 kg), 17.3%(80,865.60 kg) 720l IAH = BIIst U2
Ch M3l A7 YAl ICT 74 Ex[E0| 2AMoZ MX[F7| AIZISH AIME 7 Y &
A7EXR[(2019 98 ~ 20204 1&)xt, =€ & Hlm7ZH2018dA 98 ~ 20194 18)9 HH HFF
£ 1123510{(79.835F, 76.835F) oY 7|2+ sctel FY Ha MAMHS MESEH ICT x| =
865.31 kg(FY L™ ARE 2821 kgl MEEO, T ™
853.85kg(F 2 LEF ARY 27.84 kg) tid| < gl

2020 ¢ 202149 HA EHFFFc= 242 85.8, 89.1FE, F 2 s
891.00, 907.58 kg/F F=Z=2 =2 A= 0f ICT x| =¢ o|™ ChH|. 4.35%, 6.29% SI}st Ho =2 L}
Etet ICT &%l EQlol &7 4& 7 ol AE Ho2 EeheQlct

of & £ 2018 £ 831,778,383201A 201910
£ 2018 CHH| 12.5% Z 78+ 935,447,700 &2

I =
3.05% &7tet 857,173,150, 20200
& 2 LERGCH

Hu
T
N
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0
o
N
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H 27 0 2% 7 44t O o1& A=20184)
AL S}ty A
og 2R (kg) =TAE) R ={(C)] TAUER) HR ko) TUR)

2018. 1 32,253.5 35,037,371 39,417.4 37,956,007 74,6709 72,993,378
2018. 2 35,979.6 35,270,699 32,906.7 31,122,059 68,886.3 66,392,758
2018. 3 37,072.1 35,621,768 40,607.3 38,338,376 77,679.4 73,960,144
2018. 4 38,169.5 35,660,123 38,512.1 35,991,584 76,681.6 71,651,707
2018. 5 36,995.3 35,316,315 38,075.8 37,349,730 75,071.1 72,666,045
2018. 6 33,828.3 34,090,374 32,9432 33,976,592 66,771.5 68,066,966
2018. 7 30,691.7 32,393,157 30,480.4 32,251,311 61,172.1 64,644,468
2018. 8 26,162.3 27,714,435 32,987.5 34,177,204 59,149.8 61,891,639
2018. 9 32,2639 33,973,376 32,450.2 34,260,196 64,714.1 68,233,572
2018. 10 32,858.2 34,316,491 34,949.7 36,652,621 67,807.9 70,969,112
2018. 11 33,136.1 34,481,404 33,899.9 34,727,737 67,036.0 69,209,141
2018. 12 32,9418 34,418,741 35,036.8 36,680,712 67,978.6 71,099,453

Y 68,968.28 69,314,865

A 827,619.3 831,778,383

H 28 0 2% 7 44t O 01EY A=20194)
7| St Al
ik | EEa{(¢) TAUER) EEa{(¢) TAUER) R () =4 EF)

2019. 1 31,767.9 34,040,147 35,152.0 36,492,752 66,919.9 70,532,899
2019. 2 34,6104 34,956,879 30,781.8 30,549,493 65,392.2 65,506,372
2019. 3 36,964.7 36,724,555 42,071.7 40,286,007 79,036.4 77,010,562
2019. 4 38,823.1 36,336,184 38,556.2 36,309,494 77,3793 72,645,678
2019. 5 38,693.2 35,801,728 41,4125 38,048,635 80,105.7 73,850,363
2019. 6 34,654.0 35,844,073 35,623.0 35,516,899 70,277.0 71,360,972
2019. 7 30,443.0 32,025,376 32,964.5 35,063,345 63,407.5 67,088,721
2019. 8 29,1923 30,855,677 32,1416 34,030,280 61,333.9 64,885,957
2019. 9 30,910.3 33,156,975 31,3356 33,475,727 62,245.9 66,632,702
2019. 10 33,916.0 35,755,879 37,800.4 38,308,746 71,716.4 74,064,625
2019. 11 34,7778 37,387,178 34,736.5 37,342,779 69,514.3 74,729,957
2019. 12 35,3787 38,033,164 38,736.4 40,831,178 74,115.1 78,864,342

Y 70,120.3 71,431,096

A 841,443.6 857,173,150
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H 290 5% 29 Mtz o ojEd 312(2020H)
i sHit7| Al
g 2 (kg) U@ &2 (kg) SAE) S FA(@)
2020. 1 37,771.0 38,424,791 41,8162 41,139,158 79,587 79,563,949
2020. 2 39,830.8 38,630,771 37,996.3 36,137,475 77,827 74,768,246
2020. 3 38,236.4 38,471,331 42,5618 42,773,766 80,798 81,245,097
2020. 4 38,716.6 39,981,896 38,042.1 39,914,446 76,759 79,896,342
2020. 5 37,904.2 40,001,896 39,894.1 42,506,996 77,798 82,508,892
2020. 6 34,836.3 37,650,067 36,114 38,738,720 70,950 76,388,787
2020. 7 37,578.2 39,882,881 39,363.2 42,216,102 76,941 82,098,983
2020. 8 35,315.7 38,071,678 35,592.3 38,172,127 70,908 76,243,805
2020. 9 34,935.1 37,581,605 35,741.8 38,339,443 70,677 75,921,048
2020. 10 38,023.5 40,112,586 40,245.1 38,688,776 78,269 78,801,362
2020. 11 37,899.3 36,255,703 38,284.4 36,326,190 76,184 72,581,893
2020. 12 38,439 36,541,650 42,2338 38,887,646 80,673 75,429,296
g 76,447.58 77,953,975
A 917,371.0 935,447,700
H 30 0 5% 25 Mg o ojEd 3g20214)
AL S}ty A
k| 2R ka) =AER) EEEE{(G)) =AUE) EEEE{(G)) ZAE)
2021. 1 39,003.7 36,598,120 42,1738 38,881,646 81,178 75,479,766
2021. 2 41,543.4 36,852,090 35,043 31,524,031 76,586 68,376,121
2021. 3 41,704.4 36,636,213 45,9853 38,941,939 87,690 75,578,152
2021. 4 43,356.6 36,689,000 43,2289 36,653,990 86,586 73,342,990
2021. 5 43,9408 37,091,830 45,8222 38,979,846 89,763 76,071,676
2021. 6 41,584.8 36,022,980 40,4253 35,884,790 82,010 71,907,770
2021. 7 38,726.4 36,248,200 36,981.3 38,362,396 75,708 74,610,596
2021. 8 33,316.1 36,184,438 38,211 38,854,752 71,527 75,039,190
2021. 9 38,5515 37,065,846 38,191.9 36,907,659 76,743 73,973,505
gz 80,865.60 73,819,974
A 727,790.40 664,379,766
B) O 5% w4dE =4 &y
O &7tel RddE &4 Zos E 311 Zcoh gXYel 42 2018d T Hod 4.21%, 20194
4.15%, 20202 A2 F2HEl Zf2 MeIstd 4.19%, 2021H2 4.17%2 ®2[st Xfo|7} gle H2=2
LIEMGCE Fehel =5 Xp2ti2 3.52, 3.52, 3.56, 3.41% $=Z=2=2 EﬁlK*OE o|gt xto[7t =AY St

X o= Ho

2 Letgoh ©
M, 20194 183.2H,

—

7| 2boll
20204 169.9%H,

E=F T

2021 195.7™ 7 =&

vz -|_-||-
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HMZE = 181.98M %
o=z 2020'—40ﬂ

|°*°'34, 20184 180.4
A CHH| 2F 7.2%




P71 CiAl BIHME Hol= H2Z LIEMGCH Re2|L2e] A%, e dS37|20 u=m,
F s 1 mio 202k ojotd A 12, 20~35800 2 285, 35~502H= 33, 50
Qb~7500= 42, 7520 =1 Al 5222 ERECt s 7= w2t

st=l= Ho=Z LERGICE

NIy

o121 Qx| Qha HH = o121 Qx| Qha HM =

= %) (%) 6s)) = (%) %) ()
2018. 1 43 3.5 104.5 2020. 1 43 37 158
2018. 2 4.4 3.5 160.0 2020. 2 4.1 3.6 166
2018. 3 43 34 152.5 2020. 3 - - -
2018. 4 4.1 3.5 185.3 2020. 4 - - -
2018. 5 4.0 34 140.8 2020. 5 4.1 3.6 186
2018. 6 4.0 34 195.5 2020. 6 4.1 34 169
2018. 7 4.1 34 254.8 2020. 7 4.0 34 168
2018. 8 4.1 34 290.0 2020. 8 4.1 33 181
2018. 9 4.1 3.6 168.8 2020. 9 4.1 35 175
2018. 10 43 3.7 182.5 2020. 10 4.1 3.7 185
2018. 11 4.4 3.7 182.3 2020. 11 45 3.7 181
2018. 12 4.4 3.7 147.8 2020. 12 45 3.7 130
2019. 1 45 3.6 178.3 2021. 1 4.2 35 182
2019. 2 4.4 3.5 174.0 2021. 2 4.2 35 231
2019. 3 43 3.6 187.3 2021. 3 4.2 35 208
2019. 4 4.1 34 159.0 2021. 4 4.1 35 198
2019. 5 3.9 3.3 175.3 2021. 5 4.1 34 153
2019. 6 4.0 33 158.8 2021. 6 4.1 34 180
2019. 7 4.0 34 206.5 2021. 7 4.2 3.1 170
2019. 8 4.0 34 221.3 2021. 8 4.1 33 244
2019. 9 4.1 34 191.8 2021. 9 43 35 195
2019. 10 4.1 3.7 216
2019. 11 4.1 3.8 192
2019. 12 43 3.8 138

CtE E£ O S&2 2016d=FH 2021E7tX|2] SEfLd+E LIEHA Zolch = 7 MM E EZ
e Mol 7|8 ICT Exlof oigh nrstet SEEE(7t AAlE 20198 e B9 ddX ofH| 3.2¢,
oF 1.69% 7o ZEfdS SIH7F BEEJA2LE, 2020H0= MAL CHH] 46.12(23.9%) 44 E0HE
2on RN DEebyb AAlE 2021d0l= dAE CHH] 7.9€4(5.4%) 25D, ICT X174 X
= ZQlE 2019d1 Hlwe A9, 73 5422 SELS H(28.0%) EUE Eols A2 HFEHAU
Ct. &d O 582 &5 28R T ol XEAHel A2 &5 Fo0| 2
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]

0=

i

02

o H
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il

0
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Soll HAE HZ defE dAZez elg 5= AR e, SeA[Z[of thet of Foll oig A
b

2016 2017 2018 2019 2020 2021
SENY 188.9 162.8 189.7 192.9 146.8 138.9
HEE cjy| 52
-13.8 16.5 1. -23. 5.4
%) + +1.69 3.9 5
(5) G 5%
7|1 ZAA e S0l A7 E G S22 2HE AY A J|F, o2l Solx| 15, & SolX| 9F, =
E0lX| 335, FMHF 525, &FF 7952 & 17452 AFHEZE ERstn Uct o2 S HElo|
I, BEIY diAlo] REFA|MO| FH|E O UCH ICT &Rl MX| oM AtfZ2 18~30 kg/F/¥ ===
Mool AR 22 AHWeZ2 HIEQUCE Y s&2H2 s&FI Hs2 AMASE = 2017 REH ol
S Y 292 AAISID JYACE ICT ExlE 20204 108 4 MAHE EEX L JIAHE ZFAIA
BIEE AlZsto] &=XHoZ2 MRS AlA|SHCE

A=
1 A M B oy S T,

(6) G =& 7 MLirg M3t

AT

T 33, 340 TAIE Hle} Zo| G 2| 2018 T LW AFS 30.46 kg/F/Y FF0[QUS
0, 2019 29.54 kg/F/Y, 20204 29.43 kg/S/2oll olof 20214 33.24 kg/F/L =2 20184 CHH]
°F 9.183% = B7tst Ho= LIEtGCH G S8 A2 20204 1023 FE ICT &x| MAJ} 24X
2 AAEo], Y 77 H|TIE 25101 2018H 10¥EE 20194 9%, 20194 10¥FE 20204 99,
20204 10¥€EE 2021 9E7IX| £ dHH Abgol| cfs] Aciv|mE AMA[SIch O Zzb 24z

29.33+1.36 kg/F/, 29.15+1.64 kg/F/¥, 32.68+1.92 kg/F/¥ FZE2=Z, 20199 10 EH
2020 9E K| ?7F01IA1 ok 0.01% ZASHAUCHZE, 2018 T2 OiH| 11.39% 7H&F 3 S7tst A2
2 LIE ICT Zx| Zolofl wal 28Xl a3fy welE 4oz motEdct 53], ofg& Al7|E 7|
IOE St eh 29 20194 6¥~8E7X|el T2 HO FF2 27.83+0.74 kg/F/Y, 20204 =Y

27.30+£1.05 kg/F/€ 2 #Folgt Xt0|E EO|X| UL}, 2T EHx[7F ZelE 21d ¢
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<, 31.80+1.68 kg/F/& F&ES 204, 20194 oiH| 14.25% JI&

57t

ot Ao 2 LB

H 33 G 2% 2018~2019¢ & AR % 305 B¢ 7 HOIH
adE Y 30829 HdEE Y 30829
2018. 1 315 9,345 2019. 1 317 9,806
2018. 2 305 9,286 2019. 2 29.1 9,790
2018. 3 333 9,695 2019. 3 29.9 9,849
2018. 4 324 9,937 2019. 4 309 9,750
2018. 5 32 10,072 2019. 5 31 9,822
2018. 6 306 10,267 2019. 6 28.1 9,891
2018. 7 28.6 10,262 2019. 7 27 9,854
2018. 8 30.1 9,977 2019. 8 284 9,647
2018. 9 29.1 9,937 2019. 9 285 9,571
2018. 10 287 9,859 2019. 10 28.6 9,575
2018. 11 29.1 9,708 2019. 11 303 9,392
2018. 12 29.6 9,812 2019. 12 31 9,256
iy 3046 9,846.42 29.54 9,683.58
H 34 G 2% 2020~20219 Y AMF % 305 B¢ 7 HOIH

a3 =¥ 305827 a3 =¥ 305827
2020. 1 306 9,300 2021. 1 318 9,844
2020. 2 303 9,397 2021. 2 35.2 10,212
2020. 3 9,394 2021. 3 342 10,405
2020. 4 29 9,321 2021. 4 35.1 10,371
2020. 5 27.8 9,315 2021. 5 346 10,419
2020. 6 272 9,325 2021. 6 337 10,589
2020. 7 26.3 9,315 2021. 7 312 10,663
2020. 8 284 9,360 2021. 8 305 10,605
2020. 9 312 9,282 2021. 9 329 10,617
2020. 10 294 9,490

2020. 11 31 9,487

2020. 12 325 9,474

Ha 29.43 9,371.67 33.24 10,413.89
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o1y Q|4 [t KM= o1y Qx| [t HM =
= (%) (%) 6s)) = (%) (%) ()
2018. 1 418 3.29 189 2020. 1 4.21 347 342
2018. 2 4.36 34 230 2020. 2 417 3.36 315
2018. 3 3.97 3.27 163 2020. 3 - - -
2018. 4 4.01 3.28 195 2020. 4 4.24 3.35 213
2018. 5 4.02 3.26 322 2020. 5 4.26 34 176
2018. 6 4 3.33 188 2020. 6 417 3.36 109
2018. 7 3.72 3.1 244 2020. 7 4.31 3.38 195
2018. 8 3.54 3.2 160 2020. 8 3.79 3.16 183
2018. 9 3.82 3.3 327 2020. 9 3.82 3.23 151
2018. 10 3.95 3.25 338 2020. 10 4.18 3.31 163
2018. 11 4.27 3.39 160 2020. 11 4.37 345 169
2018. 12 4.03 3.36 328 2020. 12 4.29 3.38 151
2019. 1 4.1 3.25 568 2021. 1 4.37 3.34 172
2019. 2 4.06 3.24 517 2021. 2 419 3.38 175
2019. 3 3.81 3.2 336 2021. 3 418 3.35 -
2019. 4 3.64 3.16 355 2021. 4 4.1 3.33 100
2019. 5 3.75 3.17 190 2021. 5 411 3.34 96
2019. 6 4.01 3.2 308 2021. 6 4.04 3.27 99
2019. 7 4.02 3.07 247 2021. 7 4.06 3.19 126
2019. 8 3.9 3 222 2021. 8 4.04 3.27 253
2019. 9 3.87 3.14 254 2021. 9 3.88 3.22 108
2019. 10 3.96 3.21 236
2019. 11 419 3.35 190
2019. 12 416 3.37 231
(8) G =7 JEfY w5t 24 A1l
GExe| Zejdse= E 360 TAIE viel Zro| 20184 156.22, 20194 154.82, 20204 155.7
ol 20214 14512 Zeldzof MAT CHy| 2k 6.78% 24T 5112 HHc)
H 36 G 2% JEYs F0| vy
2018 2019 2020 2021
SEfY 156.2 154.8 155.7 145.1
HMdE e 5%
%) -0.85 0.54 -6.78
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4518 | 4499 | 449

4538 | 4525

457.3
458.3

462.9
4614

467.5
466.7
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4711
472.8

485.1
489.4
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=22 A2l YA 5, HE UM 2 M2 /X So &2 AXHANl Z5=Hol ojrixolct &
5 Ao 5+ 252 AT, 7 MMZ, HAD AFSE pHo| Ao ALY o|MFFE metsty| ¢
St ot X2 &=t AL MAESH Sl AR HFT ¥ MFES S|, L5tet
Yt SFE FIAZICH

oMol A st = 4 o AZEHO JUs SF= ¥ Mo Mdx[E |RFFMM(FZ O/H)E
0|85t =7+ ttelel 422t Jtssto, JHAE g5l o2 AF™olct Hsol, Ha JHA It
ERHS SIHL 24 S5 Al 24x FHOZO| FHA JsM Soz Qs MESH 2 AdH|Z AYE
of 2 M steolct ST 252 flsto] JiAME Exel FF TR HM=o| Jtsstet, MM Sel olF
2 57t H2ol= sHAZE Ut w2l , Haol MY S5ES UHHMoZ FHstY| fEh crekst o
TE0| T= df RJCl Castle and Tomas(1975) 2 Little and Shaw(1978)2 A&, AR & HE
5t2HDM; Dry matter), ZA=24F 2H(DMI; Dry matter intake) Szt Z2 2 XEE E3 258 X

lo

JtsMdE8 E%ct o|F, Murphy et al.(1983), Stockdale and King(1983), Holter and Urban

Jr(1992), Dahlborn et al.(1998)0| ARl M7, FH 22 & 45 ol =32 sdl 58S &4
5t7| flet AFE AASIR2L, MefEl St H2 2| HolH 2 2M=z detet 4350 2+ & Ht
=HME MMstr| sl Z7|E M AFE [2

AUCH oI, S FH Al MehEl 22| HolH
=M0| ZY=ACcHKheili-ASrfa et al., 2012; Appuhamy et al., 2014; Appuhamy et al., 201
Torres et al., 2019). O] &, Appuhamy et al.(2016), Torres et al.(2019)= =t o3 Z3} oid| =
2 Mezo S5 58 U2 MAISIH 20, DM A Al S5 o529 ezt =zotE £ Uctn
E05tct DMI 2 DM S3F 22 Z0| & MEE HEZE 0|8 Al S5H dFe dEgre J|gE
T ALt A A ST HEOAM siY DEel MAIZE 70| ofzf 7t H8ol= AT U= A
Holct.

2 YeolMe S5 F8T st M8 A7 Hojle & Juf A sIto]

(=2

M =]
— = _'_
B & Jtset d2usS W2 0/85td S8 4 ZE2S JEst, o/& Ml A7 Zzfet v

2 dA7e ST £ 2d g 2 HILE sl Torres et al.(2019)0lA XM AlSH M3 o HO|E
MEE o|&35t%CHhttps://doi.org/10.17632/ps59xvhwpy.1). SHE HOIE ME= 6571 M3 A7=z5
B 2ozl 262712 H CIo|lHZ Fd=0f s O F 7w 2o Zest YEE 25 Zehstld
U= 2 MAISHA

674 Ml od7ol 5174 Yo HIOlE{E ALEstod = ME JHe =ZHof thet vl &4
H

|m ZMof AtZE M A7 Hlole ME= E 392 &

#H 39 22 Hu 2A0| Ao dd AT HOJE 29

Variable Mean+SD
Body weight(kg) 602.45+57.05

Week of lactation 17.14£9.76

Milk production(kg/d) 30.35+5.95

4 percent fat corrected milk(kg/day) 29.04+5.21
Dry matter intake(kg/d) 19.64+3.35
Water intake 89.68+21.20
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41 24 FY BYU MY A7 A=
Reference Models for predicting water intake(kg/d)
Castle and Thomas(1975) = =153 + 253 x Milk + 045 x DM%
Little and Shaw(1978) = 123 + 215 x DMI + 0.73 x Milk
Murphy et al.(1983) = 1599 + 158 x DMI + 090 x Milk + 0.05 x Nal + 1.20 x mnTMP
Stockdale and King(1983) = -937 + 230 x DMI + 0.53 x DM%
= — 1 9 —_
Holter and Urban(1992) 324 + 247 x DMI + 0.60 x M|II><< +JD92.62 x DM% + 0.091 x JD - 0.00026
Dahlborn et al.(1998) = 143 + 1.28 x Milk + 0.32 x DM%
. = =776 + 322 x DMI + 0.92 x Milk — 0.28 x CONC% + 0.83 x DM% +
Khelil-Arfa et al.(2012) 0.037 x BW
Khelil-Arfa et al.(2012) = 411 + 154 x Milk — 0.29 x CONC% + 097 x DM% + 0.039 x BW
Appuhamy et al.(2014) = =346 + 275 x DMI + 0.84 x Milk + 232 x Ash% + 027 x DM%
— [o) 0,
Appuhamy et al.(2016) = -91.1 + 293 x DMI + 0.61 x DM% + 0.062 x NaK + 249 x CP% + 0.76
x TMP
Torres et al.(2019) = -61.28 + 0.08115 x DM + 0.6527 x Ash — 0.0750 x CP + 3.9669 x DMI
* Milk = milk yield(kg/d); DM% = dry matter percentage of the diet; DMI = dry matter intake(kg/d); BW = body
weight(kg); ; DM = dry matter in diet(g/kg); CONC% = concentrate content of the diet(% of DM); CP% = dietary
CP content(% of DM); Ash% = dietary total ash content; Ash = diet(g/kg DM); NaK = dietary sodium and
potassium content(mEg/kg of DM); Nal = sodium intake(g/d); mnTMP = daily minimum ambient
temperature(°C); TMP = daily mean ambient temperature(°C); JD = Julian day.

Murpy et al.(1983) 2Hel 342 FHAS AR, DM, HEE, U #X7|2e R S #Ha=
AL BHED, oltf 24 FHol RS DMIE S+ OIEIIXE I YUl R SIlolA AHS
W4olch ol Heksiz| $lsl NRC(2001)e] DMI £EAlS HE31Hen of

o2 HE #Ho| o2 H= 0l
ZF

DMI= (0.372 X FCM~+ 0.0968 X BW"™) x (1 — ¢!~ 0192 (WOL+3.67))y(q)

FCM = (0.4 + 15 X milkFat) X milk(2)

047|M, FCM2 4% |RX8Ed R (kg/), BWE A Z=(kg), WOLE ZFFXl, milkFate X 2H2H(kg/

2), milkes &7 (kg/2)olCt.

FA(1)2 ICT &x|et sE22E £=xo| 7tse HE FXSEHF(FCM; Fat Corrected Milk
Production), &, & FFTE HFTZ2 ARSI U0, M Murpy et al.(1983) oAl =Zlo| =27t
S¢ct DMI HE=E A|(1)2 x| gtoto] =M E ST 8 ZH S 7fesidct

WLE S F ZEH2 MY, o 2N J(2e A, RAY, HRFF, ME, HEE dFES
B2 matsiol, gubdol I HAa 712 E8E 5 0|7 fl5to] SZnt Aatdol M2 LIEE
Mz Mz X&5t%ct LIEE Mz EFe DMIol °o|&SkLt, 1 Ztol o|o|st2 2 Dado et



17 Aol =St LIEE M2 DMISl 0.18% 2 ZtF5H01 AMSIGCH 2 MEE
_7;':_

WI= 15.99 + 1.5801 < (0.372 < ((0.4 + 15 X milkFat) X milk) + 0.0968 (3)

X BWOT) x (1 — 701925 (WOLF6T))) 4 0.9 5 milk + 1.2 X mn TMP

07|M, Wie 242 (kg/Y), milkFat2 X2k (kg/Y), milke AFR2H(kg/Y), BW= A =(kg), WOL
= E[]FX, mnTMP= € =X 7|22 HA(TC)olcl.

= MEoM THeet S5 FH 2Ho 452 =felst| fAstod ICT A7t dAl=0] s 95 &
OtEE S7te| HIo[HE o0|83t0f RS HItsILh 5 S5 HolE7t FAsto], HEYHel S+
g 8ot 27153510, 22 Sof AME S5Fo O A7l ZoE vl 2MSIReH, 4RFa
7|2 Hatol e S+ AolE 245U

- 278 7Y 22 gt

Murpy et al.(1983) 2E 2| S+ FHARt NRC(2001)2| DMI FHAl2 =gtstod JiLdset S8 F
H 2E "ItE flol, 1670 M Ao 5170 Ho HIOIEE AFEsten, olf & =X 7|2 g7 o

OlE{e| F£=toZ HMi Hole & " 7|22 zXgS olZstct. 7|E Murpy et al.(1983) ZH 1}

gt Lol hEt Blm 24 ZRHE E 499 2T, $4(4)E 0/8510f RMSPEE A AHBH3iCH.

0{7IM, n2 A% & HlolH =, o,
o|ct.

rr
=2
]
0jo
>
oM
Ql
rir
>
Y]
njo
4>
oM
10
o0&
M

H 42 S5 - o F5K| Atole] 2424 Aln = 51)°

Model
Item
Murphy et al.(1983) Proposed model
Observed WIP(Y), kg/d 89.7 + 21.41 89.7 + 21.41
Predicted WI(X), kg/d 885 + 9.84 93 + 8.07
Mean bias(Y-X), kg/d 1.18 -3.31
Intercept(B0) 34.058 -5.6507
Slope(B1) 0.62853 1.0251
P-value(B0 = 0 and B1 = 1) 0.0397 0.0050
RMSPES,(%) 23.02 22.11
® Treatment means from data of 16 peer review papers
® WI : Water intake
¢ RMSPE : Root mean square prediction error
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= el i 2T Murpy et al.(1983) RE S &3t S+2 22 @ 93.0£8.07, 88.5+9.84
kg/2 2 2F 4.5 kg/22| RIO|Z2 FALSHH FHEHIAUCH A5 S22 89.7+21.41 kg/L 2 JHL =D}
= 2 3.3 kg/¥2e| 2xp7t WM o2 LIEHGCE Murpy et al.(1983) 22 90 kg/€E 7I&
Y 34y F Ao|7} WHHYOH, MY DYS MSH Bot 354YS M Fsts ZYS B
ACHOE 73, 74).
Murphy et al, {1983} Proposed model
= e S
oh "o - "
5 " .
o T ap =
= i ". - k] . . & £l
-:l:i"-. . "' . ; s w
[ ] " g il Wy LI e 'S
=
3 i . e . .
2 W
a - - . -
&
(=} s .
- - = |I " I' ":'
Prachictod wales indake i.-:,ll.
12 73 Murphy et al.(1983) B2t JfY R &EOo| S42 FFKX| AFK| Hlw; dMt
HM2 22p y=xdt MHEEQ M| FMM
Murphy &t al (1983] L . Proposed model
.: % .
= " . ' .
g L] - E
E :'\.- . 3 e - . - ¢ -
d 5 '
E ! . Lo - o l!-l., i
e G x "'..-.
o —
'|'l I' :-
Predicted water inlake centered on mean (kg/id}
% 74 Murphy et al.(1983) 2@} JfL 2 HO| O|F QANABZX|-FFEX|) HlW, A4t
Hu2 242 &7 02 XF Azl M3 FAM
e ZE ol RMSPE= 22.11% 2 Murpy et al.(1983) ZH! Chd| MHXMo=2 I LEIG20, O|&
S3 NRC(2001)2l DMI ZH 40| chetst ASEZSl HlolE{olAl st WS EHolsigct. A5 S5
MY 2Hs ol o 5= ST MEASTE 0.392 A HENG20, o= 7|2 dlo|Eel FFut A}
F&t40| Ct2 dlo|Ee &g mZof WS Aatz mohEct M3 T Hole= 7|29 Ydeks A
AlstR e, & dlolgf 25770 & 27742t0] 7|22 HaE HMAISIFCt 7[20] Q% HEE XESH=
W2 JHAHE & =N Y[2e HHE olZectH o =2 dudE 2 ZAo|2f EetElch ofgh
Mool AY OIMFFE Eolof HAMEHLL MRY OS2 53 M B2lS 9I% V| KB 253
2ho| HANMOZ of2i® MBS DT Of, Y RYe TS WEol CT Ao THS = o
x| gront, AIAIZE Colel £H Al U ME oolsel Hy 2A2 Si Mael HY oy FFS



W=7 s = Qcts oM 28 Jix[7F S Hez EEtEC

= HHe 5% FH2 918 Y 22O 7=t == Murpy et al.(1983) 2t M3l i3 o Of
HE &8¢ 81 2A4S Soff & 2do RAtdS =elslRl, 0|5 EUE MY 2Ho dss 2™
Moz dSstUct
- 2HE ol 8% S+ FH

W 2EH S o] 85t A R Ut A S-S FHGIU2H, +RE MRE OBt 2H
= 8ol MES ST MEEZ= O8 753 Zoh ™A A JHAof oist MR S EA ZH
of, MR kg E ST 2.97 kg2 E LIEMG2n], MRS kg © 2 1 kgel SFHO0| SItst= A
stolsiict. thRE0l 33~35 kg/del JHAMol Ze MRY kg B ST °F 2.56 kg2 Z, OlE
Murpy et al.(1983), Hoffman and Self(1972), Shultz(1984)0lM XM A|EF 2.0~2.7 kgZl FAISH F=Z2l
HoZ =2ol=lct Castle and Thomas(1975), Little and Shaw(1978), Dahlborn(1998)2 #AtfFZHO|
26 kg/g ojgkel M Mokl ST AP MR kg E 3.3~4.2 kg2 LHHRECH S| LIEMRCHD
25k dp ot JHEY 2HS St SFY FY ZI0ME MY LRt AdEiRo] MFE HH] SFHS

2+ 3.51, 2.65 kg2 &M Ml AT} FAlet AtE HOo|s A= LIEHRGCH

Prodicied water intaka (kg

10 18 N 5 30 a5 40 ahL 50 BB BO

Milk production (xgid)

a8 75 4N ST FEX 2 Hu; 42 MPE dEF FAH

AFol WE 24 WS OIS As 2, 002, Jt2, HBE Y ClolHE TR0 245
Gont =7t A ololeel 34 £YEE 1Y 767 2ok 2, 04F, Jte, A2 ¥E Jl22 %
2t 11.83, 24.40, 13.16, 0.13C olH, "4 FT ST A 76.22+£8.22, 96.64+8.85,

e of g2 APYSE 250l Btsts Y@

85.84+11.69, 70.50+9.99 kg/&=Z LIEtGCH HAd 7|2
2 Een, 7|2 AUt JHE 2 g A2 25T Aolc 26.14 kg/LE LIEMGCEH 7|20 &
=g F8 Zit= O8 770 ZA[E dHieb Zch Holter and Urban Jr(1992), Richards(1985),
Andersson(1987), Moran(2005)2| M3l A7 E0AM HMAIE Hie} ZHo| HH 7|20| =255 ST
Eotst= d&E2 EQUch 8~19 T FZHoMel STl ZI7tE2 2 1.11 kg/2€T E, Murpy et
al.(1984)0llAM E115F 1.2 kg/Z T FAIEH HEHE Holz= H2Z LIEtRGCEH 2 YEE Sl MAlIE

Zatel HeMe wzof, ols Yuroz Iy 4

x

M mEel 34 £H ol MY ATSe Fuel ZY o1t s A
OlEEO| MAsE B2 A5 MM, R 53 I ST 2 ICT A YEE 080, 252 £
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M AZSt HERl 20|, S+ HWH2 o|F Moxs= EA2 B gt olste 2 = A= HolEH=Z
2= o] pixo o2 AHAHE0, MATLAB(2020b, MathWorks, USA) Z21# S 0| 235+01 M2l
CHZE 80).

functionWater area = water area(data)

' 84 B3 A
Intarpolation data = retims(tabledtimstable (dats), ‘minutaly?, "linssac');
s 1B BHE Y 82

H:rmnl_:en;-erat'.:re = porma L_:-sze:atureldatal: X {'1:' '.:'-:-'E '|i e |
Threahold = Normal_temperature.mean_temp; % BAL 23

a7

Drinking_temp = find(data.rumen_temp <= Threshold); %
temp drinking = data,rumen temp(Drinking temp);

Hi il

Wﬂ:e:_&:ta = 'L.':J:Esi:.-_:ld.‘i:'.t-:i.ghl'.|L-=:n_,—._d;:i.n.t:i.n.-:_;!- = :Lun[t-:;_:l.:in}:.‘.ngl.: & §+ -jT— ||_

&nd

13 80 84N AM 2=

22 ST X, & SF HHEZS AN fst AR AEEN, SF2 FYEE d4
(event)Z7t LIELAZ| M7EX| 302(3 points) A2 0l HOsh g2 HosiYct 4 el 2
Al 2 AlFHoM el M2 S ZIFELE 2F 0.05C ZA5H, 2547t =25 F2olMe A2 Zint
WAtE = X|HS BHMSH =, CHA| 0|3 oS MAISH] HA2 gt2 Adtst¥cH™ 81)

o

5

function Normal temperature = Normal_ temperature (data)

BAL Axk

Window normal temp = [];

Total normal temp = [];

for i = 3:height (data)
normal temp = round (movmean (data.GASTRO TP (i-2:i), [2 0], 'Endpoints', 'discard'),2); % 20i (3point) °l&3t 7|

if isempty (Window normal temp)

if data.GASTRO_TP (i) - data.GASTRO_TP(i-1) <= -0.2 % 0.2% SIAl@gto= = 545

e

@9 B

if isempty(Total normal temp)
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Window_normal temp_ i = normal_ temp;
Window _normal temp = [Window_normal temp; Window _normal temp_ i];
normal_ temp = Window_normal_temp(l);

else
Window_normal_temp_i = Total normal_temp (end);
Window_normal temp = [Window_normal_ temp; Window_normal temp_i];

normal_ temp = Window_normal_temp(l);

end
end
elseif height (Window_normal_temp) == S =7 A
Window_normal_temp_i = Window_normal_temp (end) - 0.05;

S o7 HA AL, IR A AR ®E 7IEelE -0.05 A
Window_normal temp = [Window_normal_ temp; Window_normal_ temp_i];
normal_ temp = Window_normal_ temp (end) ;
else & uay &2l
if Is_cross_point (data.GASTRO_TP (i-1), data.GASTRO_TP (i), Window_normal_ temp (end-1),
Window_normal temp (end))
normal_ temp = round(mean([Total_normal_temp(end—l),Total_normal_temp(end),data.GASTRO_TP(i)]),Z);

Window_normal_ temp = [];

else
Window_normal_ temp_ i = Window_normal_temp (end) - 0.05;
Window_normal temp = [Window_normal_ temp; Window_normal_ temp_i];

normal_ temp = Window_normal_ temp (end) ;
end
end
Total normal_ temp = [Total normal temp; normal temp];

end

fieldl = 'date';
field2 = '"No';

field3 = 'mean temp';

fn_Data = struct(fieldl,data.Var6(3:end),field2,data.PA MANAGE_NO (3:end), field3, Total normal_temp);
final data = struct2table(fn_Data);
save_mean_temp = [];
Date_t = [];
s WA= it AR
for ii = 1:fix (height (final data.date)/144)+1
if ii ==
mean_temp = mean (final data.mean_temp (3:142));
save_mean_temp = [save_mean_temp; round(mean_temp,2)];
[dY dM dD] = ymd(final_data.date(l));
Date_t = [Date_t; datetime(dy, dM, dD)];
elseif ii == fix(height (final data.date)/144)+1
mean_temp = mean (final data.mean_temp (144+(ii-2)*144:end));
save_mean_temp = [save_mean_temp; round(mean_temp,2)];
[dY dM dD] = ymd(final data.date (144+(ii-2)*144));
Date_t = [Date_t; datetime(dy, dM, dD)];
else
mean_temp = mean (final data.mean_ temp (144+(ii-2)*144:287+(ii-2)*144));
save_mean_temp = [save_mean_temp; round(mean_temp,2)];
[dY dM dD] = ymd(final data.date (144+(ii-2)*144));
Date_t = [Date_t; datetime(dY, dM, dD)];

end
end
save_fieldl = 'date';
save_field2 = 'No';
save_field3 = 'normal_ temp';
Pre_normal_temperature = struct (fieldl,Date_t, field2, final data.No(1l).*ones (height (Date_t),1),field3,

save_mean_temp) ;

Normal temperature = struct2table(Pre_normal temperature);
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function check = Is_divide_point(yll, yl12, y21, y22)
fl=(y21-yl1l);
f2=(y22-y1ll) -(yl2-yll);
if f1*f2 <=0

check = 1;
else
check = 0;
end
end

& 3A R B 2
function check = Is_cross_point(yll, yl2, y21, y22)
check_1 = Is_divide_point(yll, yl2, y21, y22);
check_2 = Is_divide_point(yll, yl2, y21, y22);

if check 1 & check 2

check = 1;
else
check = 0;
end
end
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s deolH =227

s 7F load Siioll F=AH Aa
data farm = load farm data;
data_weather = load weather;
[Parity 1,Parity 2] = load 305;

[B I] = sort(data_farm.no) ;

data farm = data_ farm(I,:);
data farm date =(data_ farm.date);

com d = datetime (data farm date, 'ConvertFrom', 'yyyyMMdd') ;
temp = [];

379 Wit AAZ1e3t 5 dole Aol ¥E Holy ®F

for kk = l:height (com_d)

(
same_day = find(com_d(kk) == data weather.date);
if isempty (same day)

temp = [temp; NaN];
else

temp = [temp; data weather.temp 7 (same day)];
end

end

¢ 5% olEe} e dolEE Agd doly AE
temp data = struct('temp', temp);
temp data v = struct2table(temp data);

Data = [data_ farm temp data v]; % Hl°JE] AE
[na nb] = find(isnan (Data.temp)):;
Data(na,:) = [];

Data date = Data.date;

Data_date v = datetime(Data date, 'ConvertFrom','yyyyMMdd') ;
Data.date = [];

field = 'date';

struct date = struct(field,Data_date v);

Data date f = struct2table(struct date);
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Data v = [Data date f Data];
Data_f = table2timetable(Data_v);

s o A

data farm No = Data f.no;

[ix,ia,ic] = unique(data_ farm No);
prompt = {'7HA &A1 vy,

dlgtitle = "ZIA A 4=
dateperiod = inputdlg(prompt,dlgtitle, [1 307]);

num = str2num(dateperiod{l});

if num <= height (ia)
ii = num;
if ii < height (ia)
data check pr = Data f(ia(ii):ia(ii+l)-1,:);
data check = table2array(data check pr(:, [2:end-2,end]));
data_check = [data_ check pr.no,data check];
data check = [Data date(ia(ii):ia(ii+1l)-1),data check];
else
data check pr = Data_ f(ia(ii):end,:);
data check = table2array(data check pr(:,[2:end-2,end]));
data check = [data check pr.no,data check];
data check = [Data date(ia(ii):end),data_check];

end

¢ AfA57 52 olael W 5 dHolE R A

low 5 = find(data check(:,4)<5);

if isempty(low 5) == 0
data_check(low_5,4)=5;

end

s ZFrAdF7E 3059 o9l EE 305Y TlolEE ALk
high 305 = find(data check(:,4)>305);
if isempty (high 305) ==

data check(high 305,4)=305;

end

$ 305 HlolE{ e} F HolE Ml
Water intake 305 t = [];
Water intake farm t = [];
FCM t1 = [];

FCM t2 = [];

Date = [];

alarm data = [];

for nn = 1 : height (data_ check)
if data_check(nn,3) ==1 s AbaF &<l
data_305 = Parity 1;
else
data 305 = Parity 2;;

end
for mm = 1: height (data 305)
if find(data check(nn,4) == data 305(mm,1)); % ZFLF

s tlolg]] AT AA H< 700kgoE A
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Water_ intake 305 =
data 305 (mm,4));

water intake(data 305(mm,2), 700, data check(nn,end),

Water intake farm = 700,

water intake(data_ check(nn,5),
data check(nn,7), data check(nn,10));
data check(nn,5)
Water intake 305 t = [Water_ intake 305 t; Water intake 305];
Water intake farm t =

Date =

[Water intake farm t; Water intake farm];
[Date; datetime (data check(nn,1), 'ConvertFrom', 'yyyyMMdd')];
if Water_ intake farm <= Water intake 305*0.5 % o]/ &+

alarm data = [alarm data; [data check(nn,1), Water intake farm]];
end
break
end
end

end

figure('color', 'white'"),

plot (Date,Water intake 305 t,'.k'");
hold on

plot (Date,Water intake farm t,'.b'");

if isempty(alarm data) ==

hold on
plot (datetime (alarm data(:,1), 'ConvertFrom', 'yyyyMMdd'), alarm data(:,2),"'*")
end
title n = strcat (num2str (data _check(1,2)),'s 7 ");

title(title n)

ylabel ("Water intake')

xlabel ('Date')

legend ('305 HloJE ', 57} HolE ")
else

msgbox (' 175 Z=H3AFULE. ) ;

end

function data_farm =
57 dlolE =L

* B = golElo A FeE i oow AR <um dolE AlA

load_farm data()

o°

o

s *2A5F5 / reu / DM1E ARtske] Eol Bl 713 dlo]E

s ~FRFF = fix (AFLF/) 41

% -FCM = 0.4*AHpEF + 15%fA%

g —DMI =(-0.293+0.73*FCM+ (0.0968*#|50.75)) * (1-exp (-0.192* (FFT5+3.67))) ;
s ~Ho|HE FrletA] &2 Y& uvojEE Yok 7teehyt

59 S5 24 A dAge 4 WA FoloF gt

readtable ('C:\Users\bime\Desktop\ S} U\ 4594 Data.xlsx');

data farm =

end

function [Parity 1,Parity 2] = load 305()
& *305 HlolE &7
& *305 HlolE] d= A4

parity 1 = JFA\305H O] E\12FA} . x1sx ") ;

A\305H o] B\ 24k} x1sx ") ;

o°

readtable ('C:\Users\bime\Desktop\ <
&

g

i
i

N -

parity 2 = readtable('C:\Users\bime\Desktop

o°

Parity 1 = Milk preprocessing(parity 1);
Parity 2 = Milk preprocessing(parity 2);

end

function data t = Milk preprocessing(data)
s *305d[°E] F A=

data 305 (mm, 3),

data_check (nn,end),




date_d = data.x Pos A
milk = data.x__ kg ; % ¥ (kg)
milk fat p = data.x Pos TAE (%)

$ 1Y AR Hy B3t
milking 1d = 5:1:305;
milk 1d = interpl (date d,milk,milking 1d);

milk fat p 1d = interpl(date d,milk fat p,milking 1d);

weekly m = fix (milking 1d./7)+1; % AHF7T= WA
data i = [milking 1d', weekly m'];
data m = [milk 1d', milk fat p 1d'];
data t = [data i, data m];

end

function data_weather = load_weather ()

s 9N Ve =ee

2 HA7]e A

2 79 B AA7)L dolE Ag

¢ xlolEl 79 Akow $HHA B A

¢ ol e ARNE o 1Y BEe TR
3 *date, 79 B ARV LR Hol® 74

dir T = dir('C:\Users\bime\Desktop\ & @I U\7]-Zd]E"
file group = dir T(3:end);

data weather = [];

for et = l:height (file group)
fname temp = strcat(file group(et).folder,'\', file group(et) .name) ;
ex_temp p = readtable (fname_ temp) ;
data weather = [data weather; ex temp p]l;

end

end

function Water_intake = water_intake (weekly m, BW, temp, milk, milk_fat p)

g xFA 2o o)F S5k AL
e *JdEgk - ARTA, AT (kg), 79 B AAVZ (AN, AHFHF (kg), FAE (%)

$ FCM = 0.4.*milk + 15.*milk.* (milk fat p./100)

FCM = 1.931.*milk + 15.*milk.* (milk fat p./100);

DMI =(0.372.*FCM +(0.0968.*BW."0.75)).*(1 - exp(-0.192.* (weekly m + 3.67)));
sodium = 0.0018.*DMI;

% Water intake = 15.99 + 1.58.*DMI + 0.9.*milk + 0.05.*sodium + 1.2.*temp;
Water intake = 15.99 + 1.58.*DMI + 0.05.*sodium + 1.2.*temp;

end

18 85 MAEE FEYXIS 018 24 Y U Y STV T2IY B
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td 2o e 12 AEgA U4 JEE X5Et 547 fI5t0] ofE A4S 0[85t0f 12

THI= (0.8 X temp.) + [R.H X (temp. — 14.4)] + 46.4(6)

2020 128l 3127X|(365Y) s7toll M2 7| A 25 E

g 1 1
12 242z == 712(C)2 d4&5x(%) HolHE o S5tct.

THI-0 720] 2t 2 AER A QS
THI-1 72-77 g AEZA 40
THI-2 78-88 Z AER A e
THI-3 89-97 2 AEF A 01 Mt
THI-4 98 o4 E AE A HAF =)

J8 86 THI X|==0f WE A2 AEZA TE 7|FE

D ¥

Level of thermal stress

T2 88 & L} THI 2= 3z oA|(8Y)
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2 BM2 JHRe 12 AEMAE mESI= THI Z7tol w2l 85 ¥ d™#T0| SItetcke
Kadzere et al.(2020)2| o173 ZIof w2}, 12 AEgA X[(THNHO w2 Ao &5 S5 £
2, AR 7hel ZtEMo| AS ZAol2ts JHdoll e[St MA=[}ict ofH] 2ME fls srE EHF
F 64F JHME et =2 THI X701 71& =4 M4E=AE 88 & 72x|e| HO|HE 0| &350 &&=
Mg HAISHACEH 3F 430 Z=AIE Biel Zol 24 A AFS 64F Aol thstod A= A3 2ol o
E 7 YR 0.7899 Mg Eon, 5 MFHT WE w7 YU, A= HFHF, TH 2
of MEHAZE 0.5 oldel @2 Hols A= UERRCE D24 THIO g sael 49 #sF
0.376, 2 FEZ 0.548, LT -0.25322 S22 Mot 3T d4FrIoM g2 dEdE
HO|X| = A2z LERCH oY Aol 42, stEY| 7| Edof wal 12 AEg|Aof ofsi o|o|
IHdo| ZolHEl JHAH 52 FA HWFe =N EMo=z Qo SEHOILL eiEF FA[ H9o He|
Hoix Y JHMER olsh Mol WoiMES HoR FH IS, olof thh Dbt 27 ole
ol £t eiTIt W HoR WEiECH
H 43 2K 6450| IOl I 7Y DR2AEYAS BEY, SAFHY U MY HTEN

total act_7 milk_7 DMI_7 Temp_7 THI_7 Water_intake
act_7 1
milk_7 -0.18007 1
DMI_7 -0.15959 0.78954 1
Temp_7 0.32795 -0.23418 -0.15356 1
THI_7 0.37632 -0.25384 -0.17099 0.97539 1
Water_intake 0.097886 0.606392 0.672032 0.582942 0.548187 1
44 act_7 milk_7 DMI_7 Temp_7 THI_7 Water_intake
act_7 1
milk_7 0.079266 1
DMI_7 0.051592 0.862567 1
Temp_7 -0.45899 -0.27898 -0.25279 1
THI_7 -0.3604 -0.2324 -0.22524 0.977264 1
Water_intake -0.43249 0.197084 0.199832 0.883065 0.880232 1
102 act 7 milk_7 DMI_7 Temp_7 THI_7 Water_intake
act_7 1
milk_7 0.161514 1
DMI_7 -0.51746 0.616247 1
Temp_7 0.537515 -0.06166 -0.60767 1
THI_7 0.57578 -0.18251 -0.73484 0.93536 1
Water_intake 0.396879 0.700657 0.129675 0.648016 0.483606 1
108 act 7 milk_7 DMI_7 Temp_7 THI_7 Water_intake
act_7 1
milk_7 -0.89917 1
DMI_7 -0.62006 0.704848 1
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3

f

Temp_7 0.544418 -0.63862 -0.91966 1
THI_7 0.576748 -0.67666 -0.92784 0.992037 1
Water_intake -0.22093 0.200405 -0.41288 0.621146 0.570602 1

109 act 7 milk_7 DMI_7 Temp_7 THI 7 Water_intake
act_7 1
milk_7 -0.01775 1
DMI_7 -0.1791 0.831147 1
Temp_7 0.604039 0.283246 -0.14217 1
THI_7 0.647566 0.183354 -0.22422 0.976404 1
Water_intake 0.309656 0.874471 0.59404 0.695793 0.611694
MY, THI2 gsZof st 24 Z3l= O3 89, X 44, 453} Zct,
S| HEM SAHZ act_mean THAIE
Cl= AbnbA = 0.441037
Z2HA = 0.194514
=™E A™AE 0.194418
= K} 12.41309
HE 8438
dEEs
i ng
- ¥ F’J
& THI
o = T - 2 v aoo | . B =% TH
i o e &0 2 a0 e 000 10030 3060 S000
HE g 2ct_mean
8 89 2|HEM A4 e
H 44 ™ 712H A {0 Ofgt 12 AEYA X, 5T A ol Chet 242 Zof
PN H=g H= 9o F H| S9st F
2| 1 313897.8 313897.8 2037.175 0
TEXE 8436 1299860 154.0848
A 8437 1613757
A+ EE 9K tEAZ  p-@t 59l o5% Al es% o &+l
= ehe ° 95.0% 95.0%
y & 30.61559 0.419891 72.91324 0 29.7925 31.43868 29.7925 31.43868
act_mean 2.039325 0.045183 45.13508 0 1.950756 2.127894 1.950756 2.127894
H 45 ™ 7|12t M {0 Cfgt 12 AEYHA X, 5T A o] Chet AtEsd 21
B~ H| 2 E=35HA| BEESH | t(p) F(p) R?
B SE b
(A=) 30.61559 0.419891 7291324 2037.175 0.194514
act_mean 2.039325 0.045183 0.441037 45.13508
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0.26, =8 AXALTE 0.26 =22 LIEIGCHEZS £ = 8,438).

B 46 ™ 7|7H © &R0 Cist 12 AEMA X5 S5 FET WA AF0| st 2424 2ot
R =g HE 32 F H| fol8t F
2l 1 415409.5 415409.5 2924.355 0
ThXt 8436 1198348 142.0517
A 8437 1613757
~ o= - 5t 49
A= BE 2% t SAE P-Zt ot 95% A9l 95% R R
y EH 80.15483 0598503  133.9256 0 7898161  81.32804 7898161  81.32804
area -0.03314  0.000613  -54.0773 0 -0.03434  -0.03194  -0.03434  -0.03194
47 ™ 7|2 © A0 st 1R AEYA X5, S5 FHT A YOl o S3EA Aot
H H| & Z3H A5 B ESHA| 5 t(p) F(p) R?
B SE b
(&) 80.15483 0.598503 133.9256 2924.355 0.257418
area -0.03314 0.000613 0.507363 -54.0773

THISH AR Ol Cfet 24 ZHohs
LIE|

=Y Z™¥AFT= 0.05 =F2 2 LIEIGCHES £ = 8,438).

H 48 ™ 7|2 © AR Ofst 12 AEA X5 ARE BA FHO| e 24H2AM ADt
eE Hag HE 84 F H| o8t F
2l #H 1 76818.16 76818.16 421.642 1.8E-91
ZEX} 8436 1536939 182.1881
A 8437 1613757
As  EE N tSAZT b2t oh9l 95% A9l 9s% i &%l
95.0% 95.0%
y HH 60.11277 0581532  103.3696 0 5897282  61.25271 5897282  61.25271
milk -042889  0.020887  -20.5339 1.8E-91 -046984  -038795  -0.46984  -0.38795
H 49 ™ 7|2 © AR Ofst 12 AEA X5 ARE BA FHO| e S2EAM Ant
H H 2 E2H A+ BESHA S t(p) F(p) R?
B SE b
(&= 60.11277 0.581532 103.3696 421.642 0.047
milk -0.42889 0.020887 0218 -20.5339
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Abstract JCT comvergence using smart livestock is that in the first-generation dairy smart farm model.
each device made by several i s (s oW method, limitirg the mumual
operation of esch device This study uses a model based on open control technology 10 secure
interoperability of existing ICT devices and 10 manage data efficientdy. The open integrated conorol
dertved from this process s the software interface structure of Open APL It 1s an observer that serves
a8 real-time data colk ding 1o the method of ICT devices and sersors located
ot each end It conatits of 3 broker that connects and transmits 10 the upper Intesrated management
server. As a resubt of the performance analysis through verification of two fir-generation dalry smart
farm model sies, the average dally milk production increased compared w the previous year (arm A
S13% furm B 1.33% p(0.0%), Cow days apen (DO} was reduced by 17.5% an farm A and 13.3% for farm
Bip(0.05). Cows requite an adaptation period afier the Intreduction of the ICT device, but If continuous
effects are observed. the effect of production can be expected 1 increase gradually
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