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Estimation of Water Intake of Dairy Cows using Complex Data of
ICT Devices in Smart Farm

Dong-hwa Jang, Ka-Young Yang, Jong-bok Kim
Kyeong-seok Kwon, Taehwan Ha, Jung-kon Kim
National Institute of Animal Science, Rural Development Administration

2 % =2 429 A= AT B ARTE S7MITIAL, A3 ¥4 FFE SR 23U debsTelA =
FHAAE o83 571 99 et 7hestd, /HAE S5Ee o A4t e 452 9ste] A
&9 54 A9 AlFo] 7kt FAIY 59 olw= w7 A8oll= ofFEe] Stk wekM & oAM=
o] oA Z40 AAE S F5] Y8l AW A7 AWE WP oR AnER ICT AX|9] 59 HolHE
4 Z2g /WIS Y 2292 ICT ARz 44 7t AR, & A 7129 7€ ¥, #A49,
L ASE T ErTE AU AW A HiolHE 2835t Y B S 3P ASAE vlaE
A3 B A= oF 3.3 kg/dB.7%)= YERET. R, A Bdg E&sto] ICT FA7F AXd s71e] A
of W& &% HIE BUIetH. AA Al It AT e A% A% ARF ke B T2 2.97
kgl 2 UEYT 7]&0] Wi S 245 s ALER HolHE Yrled, A4 HolHd gt 713 432
¥ FEBAE THT AT 7120 I S Wake AF A7 23t fABH HEReH, ol Edl
YgtHog I G5 AHtEFC HAFHQlE ICT A FRE 8 57 +49 7S st

Abstract Water management of dairy cows increases feed intake, milk production, and absorption of
nutrients. However, general farms use only flow sensors for the water management of dairy cows, and
hence it is difficult to manage water for each dairy cow. Therefore, this study developed a water intake
estimation model using complex data of ICT devices to estimate the water intake of each dairy cow. The
proposed model can estimate the water intake through the daily minimum ambient temperature, milk
production, milk fat, week of lactation, and weight. Comparing the obtained water intake and the water
intake predicted by the proposed model using the previous study data found an average error of 3.3
kg/d. Moreover, the farm data with ICT devices was used to evaluate changes in the water intake
according to milk production and ambient temperature. The study result showed that the change in
water intake according to milk production and ambient temperature was similar to the results of
previous studies. In addition, the results confirmed the possibility of estimating water intake through

complex data of ICT devices installed in domestic dairy smart farms.
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Table 1. Summary of reference data

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 f?ﬁgjz)rrected milk 29.0445.21
Dry matter intake (kg/d) 19.64+3.35
Water intake 89.68+21.20
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Table 4. Extant models for dairy cows evaluated
with in drinking water measurements

Models for predicting water intake

Reference (ke/d)
Castle and Thomas =-15.3 + 2.53 x Milk + 0.45 x
Table 2. Summary of farm data (1975)(5] DM%
Variable Mean£5D e e |= 123+ 2.15 x DMI + 073 x Milk
Body weight (kg) 701.11£92.61
=15.99 + 1.58 x DMI + 0.90 x
Week of lactation 25.04+16.69 Murphy et al. (1983)(71] . *, 0.05 x Nal + 1.20 x mnTMP
Milk production (kg/d) 27.10+£7.02 Stockdale and King =-9.37 + 2.30 x DMI + 0.53 x
(1983)[8] DM%
i +
Milk fat (kg/d) 1.05+0.26 Holter and Urhe =-32.4 + 2.47 x DMI + 0.60 X
Daily mean ambient 9.61+10.03 ° 6(119‘39112)[9; an Milk + 0.62 x DM% + 0.091 x JD —
temperature (C) ST 0.00026 x JD*
Daily minimum ambient Dahlborn et al. = 143 + 1.28 x Milk + 0.32 x DM%
temperature (C) 89.68+21.20 (1998)[10] 3 : ! 3 ?

Table 3. Daily mean ambient temperature of farm

= —77.6 + 3.22 x DMI + 0.92 x
Milk - 0.28 x CONC% + 0.83 x
DM% + 0.037 x BW

= —41.1 + 1.54 x Milk - 0.29 x

Khelil-Arfa et al.
(2012)[11]

data Khe(hzl(')?;[al 0 a1 CONCY% + 0.97 x DM% + 0.039
BW

S Daily mean ambient temperature

eason ©) Appuhamy et al. = -34.6 + 2.75 x DMI + 0.84 x
Sorine 163 (0149)(12] Milk + 232 x Ash% + 0.27 x DM%
Summer 24.40 A h ¢ al =-91.1 + 2.93 x DMI + 0.61 x
Autumn 13.16 p"éﬁ‘;}ﬁ; A | DM% + 0.062 x NaK + 2.49 x CP%
Winter 0.13 +0.76 x TMP

42 ALl Aol ofel 49
Be AESASITable ). 09 BEE Ve xgi
8, dolEe] 57 715 iR, 25 o
Ao S, 0] 2 113 wcﬂ @_
7 E2iat S 71 S4o] A mde AgEg
7] =ds} (13) BEL Zh7 o 4 720 79 B

m
mlru 19
memm

i

- 61.28 + 0.08115 x DM + 0.6527
x Ash = 0.0750 x CP + 3.9669 x
DMI

* Milk = milk production (kg/d); DM% = dry matter
percentage of the diet; DMI = dry matter intake (kg/d); BW
= body weight (kg)i : 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 (mEq/kg of DM); Nal = sodium intake
(g/d); mnTMP = weekly minimum ambient temperature (°C);
TMP = daily mean ambient temperature (°C); JD = Julian
day.

Torres et al. (2019)[14]
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Where, n: number of water intake observations,
O, ith observed value, P

)

X100 (1)

corresponding

predicted value, O : average observed value
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DMI = (0.372 X FCM+ 0.0968 x BW"™) )
< (1 _ e(—0A192 X (u»’()L+3,67)))
FCM = (0.4 + 15 X milkFat) < milk (3)

Where, FCM: 4 percent fat corrected milk (kg/d),
BW: body weight (kg), WOL: week of lactation,
milkFat: milk fat (%), milk: milk production (kg/d)
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X milk) + 0.0968 x BW"™)
< (1 _ e(—o.wz X (WOL+3.67))))

+ 1.2 X mnTMP

Where, WI: water intake (kg/d), milkFat: milk fat
(%), milk: milk production (kg/d), BW: body
weight (kg), WOL: week of lactation, mnTMP:

weekly minimum ambient temperature (C)
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Table 5. Summary of statistical measures using
regression between observed (Y) and
model predicted (X) water intake(WI) of
dairy cows (n = 51)*

Model
ftem Mu(rllgké};)?;] al Proposed model
Observed WI* (Y), ke/d|  89.7+21.41 89.7+21.41
Predicted WI (X), kg/d 88.5+9.84 93+8.07
Mean bias (Y-X), kg/d 1.18 -3.31
RMSPES, (%) 23.02 22.11

* Treatment means from data of 16 peer review papers
® WI : Water intake
¢ RMSPE : Root mean square prediction error

7N el [7] HEo] 7 2
88.5£9.84 kg/d= UeFgom, oF 4.5 kg

RS 712+ 93.048.07,
/d9] Hd &



2AEY ICT FA)9 £3F HolHE &8 2 5% 34

F5F 2Jol7t Qs A0E Uttt Y Bddt 7] B
49| Bt 55 QA= 247 3.31, 1.18 kg/d&E UE
won, o= A B 579 o 3.7, 1.3%°l i
Stk B 5% o= 7] Rdo] /i md Ko} o
Qtom, RMSPEE /it wdlyt (7] md 22k 22.11,
23.02%% 7id wdo| [7] Bd 2o} WA yelgtt 7
g pdy (7] 2dS vy BAg A3} 1 &Jol7} aX]
kokom Aol ko] FARRS ERIsHY ol &
3 A5 £ 7T AREZRE 2% 2] 9
3 AREE [16]9] DMI F44l0] it ARgEgo)A
3% A= DMIE SARH S2gsk 32 SRIskirt

AgnEo] 71271 He (712 2% 57 vl 7]
o] HE wdo|tH2,7,13,14]. A Ao HolgE
B [7] Zdxt /pEREe] fAMIS ERIsH, ol
vigto g Jpn o] A5-S HH 0 ASsiit &
$%F 34 B9 ol8sto] 2579 AAG HlolE 7t
2 Hob E4 712k A& A vlwste] o A
A, A1 ol 5 ol AT FA ) =S F Aol W

=258 £ 2 dutsTt Mg FIt

A mES o]gsto] Uut F7kY] Ah ST
got o, Afegat S7Fe] £x= Fig 13 &
A WAl et A STk B4 A AR k
T S5 2.97 kgl & YEPHTh Aol 33~35
kg/dQl 7HA1S] A9 A0 kg B 252 oF 2.56 kg
O=, o] [7,17,18]004 AAIRE 2.0~2.7 kgt FARRE
$29 Aoz FAFLh [5,6,1012 ARgEO] 26
kg/d WIREQl AB4R-0] S47F0] AL AT kg &
3.3~4.2 kg& 2530] oF 2.6 kegQl QukeEL} &4 1}

filo
e

o
aQ

Predicted water intake (kg/d)

L 1 L L L
i}
10 15 2 % 0 % Q 45 50 55 60

Milk production (kg/d)

Fig. 1. Predicted water intake versus milk production;
The red line represents the scatter regression line.
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Fig. 2. Visualization of predicted water intake
according to the season
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10

1
Mean temperature (°C)

Fig. 3. Mean predicted water intake versus Mean
temperature; The red line represents the
scatter regression line.
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