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MAME Xtz T3 RTLS
O AAZE YH Y22t ME| 7|5 2ME St MAEE Zoe| bW AE
M7 H, =of EHOF 7Hi|“£ S2F Wt 2N
- A FEH F0{ = 52U7F A F WY HE (5 23 AAl 216, '21.9)
-2z 4§(Progesterone, LH, FSH, Estradiol)oll CHet 28 ©™, = d|W &4

CH
- LH 222 Hsle &8 & &7 A9l Hatete| Aty v

[> Cusabio Bobine ELISA Kit 0| &

> o« Y T UHFEH (FL2I0|A® 5mI) F0 FEA|
> w7 SHO[2f0| E: =™t JHAl EA|
<FSH>
Day
D 1x* 2 3 4 5
144 5.21 £ 4.70 %= 4.70 = 4 57 = 3.76 =
0.08 0.41 0.18 0.24 0.21
185 426 % 3.95 = 4.02 £ 416 *= 4.54 +
0.56 0.42 0.34 0.19 0.67
186 4.05 + 5.04 = 514 £ 523 = 531 =
0.19 0.27 0.26 0.09 0.10
Day
D 1 2 3 4 5
185 4.39 £ 413 % 4.43 + 4.28 £ 419 £
0.38 0.81 0.45 0.57 0.26
186 496 £ 4.08 £ 3.68 * 3.41 £ 3.91 £
0.15 0.31 0.18 0.29 0.53
Day
D 1 2% 3 4 5 6
1792 4.75 514 + 421 £ 3.63 £ 4.92 + 4.47 £
0.61 0.23 1.30 0.85 0.31 0.24
174 3.87 £ 3.79 £ 3.00 £ 3.18 £ 3.93 £ 421 +
0.09 0.33 1.12 0.87 0.99 1.06
187 3.73 £ 3.22 + 3.14 + 3.75 £ 3.34 + 3.14 +
0.48 0.49 0.94 1.77 1.57 0.42
188 3.22 £ 3.70 = 3.58 * 3.17 £ 3.61 %= 3.85 =
0.25 0.57 1.49 0.57 0.23 1.58
B10 4.39 + 4.44 + 2.87 * 3.92 + 3.83 * 415 +
0.35 0.69 0.92 0.14 0.41 0.35




<Progesterone>

Day
D 1% 2 3 4 5
144 424 + 3.88 £ 3.98 £ 3.94 + 4.02 £
0.95 0.59 0.25 0.21 0.18
185 3.58 £ 3.45 £ 3.86 * 415 % 4.04 £
0.07 0.38 0.01 0.23 0.08
186 4.56 = 4.81 = 5.44 £ 5.32 = 518 *=
0.43 0.35 0.01 0.08 0.10
Day
D 1% 2 3 4 5
185 3.36 £ 3.93 £ 415 + 1.31 £ 1.87 %
0.41 0.07 0.35 0.09 1.30
186 4.32 + 410 % 3.93 = 1.77 £ 3.10 =
0.20 0.10 0.02 0.65 0.78
Day
D 1 2% 3 4 5
172 4.83 + 2.84 + 4.35 + 1.79 £ 3.91 = 3.43 *
0.23 0.78 0.22 0.30 0.13 0.98
174 3.47 + 3.96 £ 3.76 * 1.45 + 3.89 * 4.37 £
0.36 0.86 1.30 0.33 0.16 0.05
187 2.54 + 2.28 * 2.75 = 3.14 * 1.80 %= 3.75 =
0.61 0.57 1.15 0.17 0.27 0.41
188 3.33 £ 3.23 £ 2.75 * 2.15 £ 2.93 * 453 *
0.45 0.49 1.14 0.53 1.00 0.06
B10 410 * 411 £ 3.74 % 2.27 * 3.55 = 2.42 +
0.07 0.23 0.84 017 0.18 0.57
<LH>
Day
D 1x* 2 3 4 5
144 4.81 £ 496 £ 4.98 + 5.06 * 5.04 £
0.17 0.02 0.02 0.01 0.03
185 4.87 £ 4.88 + 4.87 + 5.01 £ 4.93 +
0.07 0.01 0.09 0.02 0.09
186 4.34 454 + 4.62 * 476 *= 4.63 *=
0.16 0.03 0.08 0.01 0.01
Day
D 1 2 3 4 5
185 504 + 5.07 t 4.85 + 4.89 + 4.98 +
0.05 0.03 0.14 0.19 0.01
186 5.05 = 5.04 = 504 = 5.07 = 507 =
0.02 0.04 0.0 0.01 0.05
<Estradiol>
Day
D 1 2 3 4 5
144 4.75 £ 478 * 4.77 = 476 *= 4.77 =
0.00 0.00 0.01 0.00 0.01
185 4.78 £ 478 * 4.78 = 4.77 = 476 *=
0.01 0.01 0.00 0.00 0.01
186 4.73 * 4.75 * 4.76 *= 4.75 = 4.73 *=
0.02 0.02 0.02 0.00 0.02




Day

D 1% 2 3 4 5
185 4.77 + 4.78 + 4.76 + 4.76 + 4.77 +
0.00 0.00 0.00 0.02 0.00
186 4.77 + 4.78 + 4.79 + 4.78 + 4.78 +
0.01 0.00 0.00 0.00 0.01
Day
D 1 2x 3 4 5 6
172 4.49 + 4.73 4.38 + 4.49 + 4.31 + 4.25 +
0.03 0.01 0.00 0.08 0.18 0.01
174 4.42 + 4.20 + 4.07 + 4.02 + 4.00 + 3.74 +
0.15 0.32 0.10 0.06 0.02 0.02
187 4.55 + 4.38 £ 4.58 + 4.48 + 4.46 + 421 +
0.00 0.27 0.06 0.20 0.11 0.08
188 4.98 4.50 + 4.53 + 4.38 + 4.36 + 4.49 +
0.00 010 0.02 0.14 0.04 0.19
B10 4.77 4.64 + 4.63 + 4.35 + 4.46 + 4.38 +
0.08 0.25 0.17 0.24 0.11 0.06
(] AAZE MY ME(SZold, Ml §) 8 Z4HICT &yl 7ighI7iM
O SZolgd MAME R &x|o| S&h9|x| MM MatM skatnl DB &2 flet siFAS
- MAYE $7 Fx Mz L ololg £
A (B 2704, 5070A) - Zelthstn FE5SRH1070A), FotsEH407HA])
- MAHE $X x| QE A L WE|(AA])
- MAME $x x| viE2] 28 2 sItEE HA

(@) (b)

The position of sensors on the farm (a) the bio—telemetry device attached to the neck—collar
of the cow, (b) the anchors installed on the pillar.

Ol8f =42 fI8 Anchor M| & Ho|8 &4 &) HH
A Jél =]

g =

o
%o
O
o
o

1) 2871, 8487 4% 471 7] 295, 2R, BAA, A7IE, WS, 2005, vigAtRe] AbR 3 AR
o7t AMEE el ABEAE SA. AREAT R 5 AR tlRle I S=AHEA] 47(5), 745-758.
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Anchor 1 Anchor 5 Anchor 9 Anchor 13
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Data acquisition system in the barn.

O 599 dsstd SER(EY, A, 22 5)1F YAH 2ol et o2t o7
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- 5S4 AIZ[E(LY, Al 2oh JHA =l 3 siE MAEE 22, X
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[ 2+=2HE5A) dlole 7|dte] MAEE +& 3 24
O SZH2x| M 0|8 715 7HAE AlZte & ME
- MAMEE X Zx| fE&E=o] s 3F VBT MM 2 RTLS (Real Time Location
System)7|s 0| & 7HME &Y M4E F S7F e L=
- dHMEol ool Eat H E 84 JEE st 22RE MHE ol 8- ME

150 d-3 —e d-1 15 d- o d-1
— d-2 -@ dO d - o d0
120 a
& 8§ A
; 90 S A
g e s AN/ \
= = / o/ /
30 '&)‘/ Ne // %
&:-./ o T~ o=d
1] [ S AR B s m | L
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Time perlod, h Time period, h
(a) (b)

Distribution of cows' activity and mounting behavior during a 24—-h period (d0: day of estrus).

- 4 32 MRE 9E Y7ol o 2352 F4let 2o, 22 Uy 2d MRH
MAMs| S7tsi| &y 19 HFE 245 Sotets dekE EXS

- Y 3 MFE 2 FUnK|e dd st Al HIEE At 23, ST ARl e
HSO0| AlohAl LIEtRCL dtixoz ey g SIists el LiEH

- 52 M 2F MEYF Al HH 245 Sotets dEe LEMIeH iR E
SSolof| ol HEEUS

- S7RRIe] 29 FFE YUK HS0| Aot LIEHG 2L 00:00FE 06:007HK| AHH Alztof=
dtfdez S LERE



Mean values (= S.D.) of activity and mounting behavior during the peri—estrus period.

Day

Parameter* 3 ") 1 0 1 ) p-value
Activity, m
npeicas UWids e mze @aes e wee o
s BES B3GR WIS R WS am
2hperiods 150 o rsa  Ziea  2hda  lecan <0001
Mounting, no.
ot WE YRS e W % e
6-h periods 28 + 4.4b 1%.92;{) ggaliy 1%2; Zgaliy giali; <0.05
2-h periods 09 +15c 30 2er  40:20a (B 2L <0.01

* The measured data by the bio—telemetry device was calculated in three periods (24-h, 6-h
and 2-h periods) to determine which period was most efficient at identifying estrus of Hanwoo

Cows.

- 2 32 MRE 9@E = 22Ke| ST S ST A9l HIEE 24A|1ZH 6AIZE & 2412t
o=z Fe|stof Hlwmet Zh 2417 2o 2 Ho|HE HElshs Aol 71 RotAel Aoz
B

- 2SOl ZF 24A1Z7), 6AIZE & 2417 2422 Hjo|H Helgt ZE ZaolM FolAel
XfO|E LIEfHCLE, S71 Aol 29 6AIZE & 2412 2o 2 Ho|HE HE|stHS
FelHel XolE HHEMRZ

- 2SOl ZF, 24412 & 6AIZE 2422 Ho[HE HelFle mf 2 39 Mu 4y 1
Mol Folxp7t LIEFGSLE, 2A[7F 2422 H|o[HE Feljie o YaFH 2y 221 4y

12 FolM ReAXT} LiEttS
- Ol 2AIZF 2HHOR BEY CloEE MWD 1 W 12 MEE WS solz + U3

Lt Znja) mek

- 571 dele| B, 2442 7422 Ho[HE Hel2 e FelXel XolTF it 24|12

oz MeRe o 2™ 3 Mot 2y 22 Mol FelA el Xto|7t LIEHGZ
- ol 2AI7k 2o &7t wgl ClolEE Malde o WH 2o MEH wHS HlE 4
UAZE LIEH = Zofet EEHE
E2  — M
- FSH Py
300 60
E A z
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E 2004 /" \ bao 2
5 N 3
= — N R
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I El
0 T T T T T T L1}
3 2 0 1 2

Peri-estrus period, d

The concentration of endocrine hormones during the peri—estrus period.



- 2 22 M Estradiolo] 420{ 0|F FAL 245t LHIF &y e 7K =7 SE=R=
- FSHE 21 22 M7IR| 57} 5 Zsio] Wy YURE TIU 4LIAS
- Progesterone® &d 29 T7HA| =5 &5 = 37| ¥a} glo] o A 2EH=EUZ
D-3 D-2 D-1
400 400 400
£ 300 F 300 F 300 i
£ £ £ .
Em gzoo . g’zm §
g 3 * 3 ..
< 100 < 100 .« ¢ ! 3 < 100 . I . 0 i
] It .!l T T T 1 nl I :l ' : : I! T 1 nl .l: ; i lIl T 1
(1] 20 40 60 80 100 ] 20 40 60 80 100 0 20 40 60 80 100
LH concentration, miU/mil LH concentration, miWml LH concentration, mil/mi
Do D+1 D+2
400 400 400
£ 300 . 5 300 F 300
£ o t |, . £
5 200 ¥ H Sawod * o, S 200
g . : ] : - g ]
2 IR T ¢ b
I A A g d
o 20 4 s 8 10 0 20 40 6 8 100 O 2 40 & 8 100
LH concentration, miUmil LH concentration, miWml LH concentration, milU/mi
The relationships between activity and LH concentration.
- LHot 25T 7he| detEAE HI|SIE o, 23 2 LHe| 327t 52 72t &30l
£2 70| SHSE ANE HolokyS
- LHe| sk H3lE ZESINE o 2 UV 4S5 Fof| dase 2Egs 2
- 23T HalE HEsIole of 2 2¢d dFE MAMS| B7Isio] 2 = 127kK| A LIEHE
D-3 D-2 D-1
50 50 &0
54 540 B 5 40
E:.w * E:w [ E:JO -
g g . g
B fai., gy *
3 3 . 3 . ’
=10 =10 =10 N 1
'|: - T T T 1 o-f :|. ;I |! T 1 o-p i.i' ! ?. T 1
(] 20 40 60 80 100 0 20 40 80 80 100 0 20 40 60 80 100
LH concentration, miWmi LH concentration, miU/mi LH concentration, miUiml
Do D+1 D+2
50 60 50
é 40 . g 40 g 40
€ 3 £ 30 g % =
g . . g g
E 20 £ 20 . E2
! 3 -]
ERT i: = 5 2 0 i. . . ERT '
N EIN G TEE 20 N DN S B S S
[ 20 40 80 80 100 0 20 40 60 80 100 (] 20 40 60 80 100
LH concentration, miWml LH concentration, miU/ml LH concentration, miU/ml
The relationships between mounting behavior and LH concentration.
- LHot 71 9 2| HEAE H2|S5IE o, 2y g LHe| st =2 2kt s7t
A7t =2 70| SHE= ZUE =SS
- LHe| sk H3lE ZESIFE o 2 UV 4S5 Fof| dase 2Egs 2
- 571 A9l HaE HESIGE i 2y 22 MFHE S5k S7t6t0| WY = 2UMMA| LIEHE
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Technik
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(length x
Company width x

height)
GEA

N/A

GEA
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Dimension

Specification

260.5 x 94 x
201 cm

yieald

Precise, tailored group feeding

performance group

Dairymaster

Include software to set the feed ration for each

All information is updated to smartphone

Individual feeder

N/A
Foster
Technik

126 x 57 x 562

cm

meal-based, etc)

Individual feeder

Daily ration is automatically calculated in relation to milk

lactation status, and body condition score

|dentification is carried out by a Responder (in animal's
neck) or Rescounter (on a foot or neck)

Available in singet box, double box, or wall box

Volume dosing device system functions regardless of
type of mixtures (hand/small portion, pellets or

Can handle up to 4 different types of feed

Individual feeder

Eartag sensor

Use transponder as animal identification
Capacity: 35 to 50 kg

perdormance, needs, and requirements

Predetermined amount of feed based on individual

126 x 57 x 562

cm

Vansun

120 calves at a time

Individual feeder

N/A

Heat output: 5.0 kW (400V)
Feed preparation: up to 2.5L/min

Feeding station: up to 4

Number of calves 20 to 30 per feeding station, up to

Capacity: approx 35 kg

Use transponder as animal identification

Heat output: 5.0 kW (400V)

Feed preparation: up to 1.5L/min

Feeding station: up to 2

cales at a time
Individual feeder
Non TMR feeding

Number of calves 20 to 30 per feeding station, up to 50

Based on automatic inputs (milk production, body
weight, energy balance)




JFC Agri

Individual calf feeder
N/A

Monitors up to 70 calves
Touch screen display
Dual hoppers and mixing bowls
7 feeding curves offer diverse nutritional programs
Daily feed performance reports
Individual calf feeder
Monitors up to 140 calves
Innovative touch screen display
8 JFC Agri N/A Dual hoppers and mixing bowls
Supplies 2 types of CMR via dual hopper system

7 feeding curves offer diverse nutritional programs
Daily feed performance reports

Bin Capacity — 145 cubic feet which is about 115 bushel
C-Lock Inc

(varies on feed type)

Used for any size and age of cattle or sheep.
N/A

Specified animals in a herd could be allowed to use the
Super SmartFeed

Animal’s intake can be controlled on a daily basis
Settings can be controlled through an online interface
Bin Divider: Feed up to 4 different supplements
Solar Power: Each unit is equipped with solar panels and
batteries and controller
Solar Powered Operation
10 9x4x8 feet Lower Waste of Feed
75 Bushel Hopper Capacity
Always fresh feed at the feed fence
Insight Into Profits
More Frequent Feeding
(length x

width)
13 SCHAUER

HANEN

11 LELY

246 x 162 x
278 cm

3.26 x 1.35
12 TRIOLIET

m

Using a Suspended Rail System

Can be used to scatter straw in the bedding area
Capable of discharging on both left and right

41 om (Height Increaselln mllklyleld

) Increase in feed intake

24h a day access to fresh food

1,000 Ib. feed capacity
14 FSE%EAEIE{ NA Four 6—foot troughs feed up to 15 cows
146 x 112

ams Galaxy cm
15 USA

Wider top feed access door
( Height x

Individual feeding
Intensive feeding
Length)

Labour saving
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- LoadCell Data : RFIDZ ¢2lAlst JHXH S E 0|&3510{ O]
2] A™E ZF A e MRS EEIRFEMHO Mo}
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— T HIO|QU|ESIAL CIZ HIO|QUIEZIAECH MEZ BT} L] Df2of AlZtn} H|E
SN0 ¢ =11 AR HOMO| O =20 @EJIH M2
- CIotst AER|A BMEHO| Z=R||5t0 2t HHES Zt7bo| AfCtM0| Q1S
- AERA BME St 53YH AERA SEFE MET g

Use of cortisol as a biomarker in previous studies of stress in animals.

Stress type szc:le Biomatrices
Cow Blood, saliva, urine, milk, feces
Sheep Blood, saliva, urine, feces
Acute . . .
Pig Blood, saliva, urine, feces
Fish Blood, respiratory vapor
Cow Hair, hooves and claws
. Sheep Wool
Chronic Pig Hair
Fish Scales, fins

- 2ERA EME et £BE AEYA S22z METY LDt Oof wE Xold & Fo/H




Properties of fluid biomatrices with regard to measurement of cortisol and corticosterone.

Fluid biomatrix

Properties Blood Saliva Urine Milk
Invasiveness of High, painful Low, painless  Low, painless Low],
sampling painless
Risk of contamination Low High High Low
from external sources
Training required for Yes No No No
sampling
Possibility of repeated Yes Yes Yes Yes
sampling
Ethical and legal Yes Yes Yes No
licenses required
Biosecurity concerns Yes Yes Yes Yes
Results depend on time Yes Yes Yes Yes
of sampling
Results depend on Yes No No No
sampling location
Steroid medications Yes Yes Yes Yes
may confound results
Sampling requires live Yes Yes Yes Yes
animals
Sample preparation is Yes Yes Yes Yes
laborious and time
consuming
Storage conditions Refrigerator, Refrigerator, Refrigerator, Refrigerator,

freezer freezer freezer freezer

Time range represented Single point, Single point, 12-24 h 8-12 h
by biomarker hour hour
measurement
Biomarker forms Bound, Unbound Unbound Bound,
represented unbound unbound
Sampling procedure Possibly Possibly No No
may confound results
Stress type Acute Acute Acute Acute
Analytical cost Relatively Relatively Relatively Relatively

expensive expensive expensive expensive

14



- =kot A B4 Hlw

Properties of semi—solid biomatrices with regard to measurement of cortisol and
corticosterone.

Semi—solid biomatrix

Properties Feces Earwax
Invasiveness of sampling Low Low
Risk of contamination from external sources Yes No
Training required for sampling No Yes
Sampling procedure may confound results No No
Possibility of repeated sampling Yes No
Ethical and legal licenses required No Yes
Biosecurity concerns Yes Yes
Results depend on time of sampling Yes No
Results depend on sampling location No No
Steroid medications may confound results Yes No
Sampling requires live animals Yes Yes
Sample preparation is laborious and time No Yes
consuming
Storage conditions Refrigerator, freezer  Refrigerator, freezer
Time range represented biomarker 2-4 days Week/month
measurement
Biomarker forms represented Unbound Unbound
Stress type Acute Chronic
Analytical cost Relatively inexpensive Relatively

inexpensive

— =
=

)

A, &F, = Hln

Properties of solid biomatrices with regard to measurement of cortisol and corticosterone.

Solid biomatrix

Properties Hair Feathers Nails/claws/ Scales
hooves

Invasiveness of sampling Low Low Low Low
Risk of contamination Yes Yes No No
from external sources
Training required for No No No No
sampling procedure
Sampling procedure may No No No No
confound results
Possibility of repeated Yes Yes Yes No
sampling
Ethical and legal licenses Yes Yes No Yes
required
Biosecurity concerns Low Low Low Low
Results depend on time No No No No
of sampling
Results depend on Yes Yes No No
sampling location
Steroid medications may No No No No
confound results
Sampling requires live No No No No

animals

15



Sample preparation is Yes Yes Yes Yes

laborious and time

consuming

Storage conditions Room Room Room Refrigerator,
temperature temperature  temperature freezer

Time range represented Week, month, Week, Week, Week, Month,

by biomarker year month, year month, year year

measurement

Biomarker forms Unbound Unbound Unbound Unbound

represented

Stress type Chronic Chronic Chronic Chronic

Analytical cost Relatively Relatively Relatively Relatively
inexpensive inexpensive inexpensive expensive
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- M4 RR0IMe AEA TER Y XY
1.2
a
= 1
:é 0.8
Z b
g 06
&
S 04
=
202
0
July August

Algh 27 diel 782t 83 01X "o LB 2229 H|W

Hanwoo Earwax (500 mg) by a metal curette

(parity 3, body weight = 462 + 5.6 kg) placed into eppendorf tubes (1.5 mL)

s
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O Solvent with assay diluent buffer @Methyl alcohol
@ Solvent without assay diluent buffer ODiethyl ether
22
20 (A) 2 (B)
18 T
el
E16
B
214
212
£
310
5 8
>
&
4
) b
0 e | |
Methy! alcohol Diethyl ether Methyl alcohol Diethyl ether
HE Lz20 CloEoEHZ2 S & AEA S22 F2 sk Hu MY
T Sy
B
Single extraction methanol (1mL),
Eanwax curette sampling | | Samples of eanwax (s-70) | | Sample weighing (50 mg) | vortexing (Imin) & shaking (40) |
J W Ei.
Centrifugation (1min) Transferring supematant Evaporation supematant Re-suspension with assay
14000rpm (0.6mL) in new tube & extracted esidue (38°C) | || diuent buffer (04mL) ?\
— — — \ —
100 - | 060
iy
80 IS op o | 0480
.
Pipette sample in duplicate Read n a pate reader | 3 A f| 0360
wells at 405um Q40 HHIAN | 0200 8
— — 0 : ‘.a.‘
20 | I SRR
0 0.000
100 1,000 10,000
Cortisol concentration (pg/mL)
HA ME 24 W oA 24T
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Cortisol concentration (pg/mg)
—_— — (] I T (¥ F=y
(=T ¥ 1 (=] ¥} =T ¥ = A =

[ ST S R S I %
D W o

LA

Cortisol concentration (pg/mg)
S o 3

= Ln

Earwax cortisol (A) Hair cortisol (B)

a

1 i i

April May June July April

June July

Experimental months Experimental months

4EFE TEIR| 40 2F ARt HollMel AERA TER H|W &4

® Earwax cortisol (A) ® Hair cortisol (B)
a
I.
b
-
a
b
None-heat stress Mild-heat stress None-heat stress Mild-heat stress

None and mild heat stress THI conditions

SEEX|(THO| w2 FX|QF HollAe| AERA S22 dH|lm EA
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1. Holder pasteurization (low temperature long time (LTLT))

The milk sample in conical tubes (30 mL), move 1n a water bath (seal the caps by paraﬂ]mb
bv warming the milk to 62 5~ 63°C, holding for 30 minutes and then cooling in 4°C.

2. Autoclaving process

The milk sample transfer into 50 mL capped glass centrifuge tubes and sterilize at 121°C for
5 min

1 Milk sampling

2. Preparation skim milk
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(SOD Z7|=0| XME= CDNet2| 7HR)

/" Saliency-informaiive Depth Selection

.. DD
-
i~ a-d

'\_ 'l!itl.tml:uiﬁlikpﬂw-ihlﬂztﬂ

(RGBOIl depth @t XM& gHH)

SODe| zlo| MEZfe| M2 11X (Reference : CDNet: complementary depth network for RGB_D
salient Object detection, IEEE TRANSACTIONS ON IMAGE PROCESSING, 30, 2021,
3376-3390)
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import os
import pandas as pd
from tgdm import tgdm
Import seaborn as sns
Import numpy as np
import math
import matplotlib as plt
sns.set()
Wmatplotlib inline
plt.rcParams| ' figure.figsize'] = [12. 8]
plt.rcParams['figure.dpi'] = 100 # 200 e.g. is really fine, but slower
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e HX|e ME I ALR MF (180 s 1M J|Fst AI2E 1022 AH2|E)
oz | A= oAzt HE(KG) _ AEMF %t(KC_E) SHARNFZHHKG)
(L) o=+ AT =7 AT o=+ AT
1 13 12 0 0 0 0
1 3.1 31 0015 | 0015 0.07 0.07
o1 5.6 6 0.15 0.25 0615 | 0815
3 | ME 8 9.8 0.44 0.54 4025 | 5205
(30 Kg | 1.3~3.2
TR 11.8 14.2 0.57 0.67 9.097 | 11.297
51 16.1 19.2 0755 | 0855 | 15721 | 18.921
61 213 253 1017 | 1117 | 24705 | 28.905
71 278 32 1 1002 | 1392 | 36.381 | 41.581
81 | _ 345 37.8 1463 | 1563 | 50397 | 56.507
of (2‘0%6%0 tpcg | 25 16.3 1613 | 1713 | 65704 | 72.904
10 ) 50.1 5.2 1844 | 1.044 | 83.042 | 91.242
111 57.9 65.8 o121 | 2221 | 102.994 | 112.194
121 65.9 746 2341 | 2441 | 125478 | 135.678
131 745 84.5 2682 | 2.782 | 150.805 | 162.005
141 80.2 9.7 2857 | 2057 | 178.533 | 190.733
151 | ug= 84.6 1049 | 3089 | 3189 | 208.391 | 221.591
161 | (60~110 | 6.0~10.0 | 90.1 108.5 3.1 32 | 239380 | 253.589
162 | Ko 90.8 108.9 3.1 32 | 242.489 | 256.789
163 915 109.2 3.15 245.639
171 99.7 3.2 270.939
180 107.6 3.25 299.939

ME2 B8[%, S8 (kg)/ ALz 2H[Z(kg)x100]
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Feature Feature Feature Model
Raw o o | o | . :
dat scaling | selection | extraction | | setting
Ny A I [ l _ | fitting
Data preprocessing
Data Model | | Model
collectian evaluaon | % prediction

Data analysis work flow.

O %125 Mol ©E YANE Hay Tt

S|
- 2HAX e HEdES =0[7] fIg 37HA| Yz Fol tis a7 81 £2 ez Hatd
[m]

o,

ok

e
a4, E54, d24 52 dEsIUS
- A2 S0l thall &zt Aol tist Sexoz D=l ZHo| 71E 2nAel giHoz diMo
olE52 sl 47HK| HEll true positive (TP), false negative (FN), true
negative (TN), false positive (FP)2Z T 25t S
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Actual value

Positive Negative

Positive True positive (TP) False positive (FP)
Predicted

value

Negative False negative (FN) True negative (TN)

TP : the number of estrus time windows correctly
FP : the number of non-estrus time windows mistakenly classified as estrus
FN : the number of estrus time windows incorrectly

TN : the number of non-estrus time windows precisely distinguished

A 2 x 2 contingency table used for calculating the performance.

- YR HEHE =0|7| flof Y, tdd, S5d, d2d 52 olEIUS
- Feid, vdd, S5y, Y24 3ol tiet A2 ofziet &t

(1) Sensitivity

Sensitivity indicates the number of estrus events correctly classified out of all the actual

estrus events.

TP

Senszthty - m

(2) Specificity

Specificity indicates the number of non-estrus events correctly classified out of all the actual

non-estrus events.

TN

Specif’icity = m
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(3) Precision

Precision shows the number of estrus events correctly classified as estrus out of all events
classified as estrus.

P

Precision= W

(4) Accuracy

Accuracy result shows how many observations classified correctly out of all observations.

TP+ TN
TP+ TN+ FP+ FN

Accuracy =

- dEAX o] HEMES 07| fIg 37HA| Y250l thsl a8 8nt 22 oz HEM,
iy, S, g2y 52 o5siels (o ®)

- =30l thsh XGBoost Y1Z|5E 0|83l HHE o5 d< 71 =2 &ER L
A7}t 7tss9 =

Performance metrics' for predicting the day of estrus

Parameter’”  Algorithm’ Se Sp Pr Ace
LR 0.27 0.87 0.53 0.66

AT XGBoost 0.40 0.95 0.80 0.76
LightGBM 0.30 0.90 0.60 0.69

LR 0.23 0.85 0.47 0.63

MT XGBoost 0.20 0.83 0.40 0.61
LightGBM 0.27 0.85 0.47 0.63

LR 0.27 0.87 0.53 0.66

AT+MT  XGBoost 0.30 0.88 0.60 0.68
LightGBM 0.17 0.82 0.33 0.59

'Machine learning analysis for prediction of estrus performed based on daily
behavior data during peri-estrus period. Se: sensitivity = TP/(TP+FN); Sp:
specificity = TN/(TN+FP); Pr: precision = TP/(TP+FP); Acc: accuracy =
(TP+TN)/(TP+TN+FP+FN).

’AT: activity, MT: mounting.

’LR: logistic regression; XGBoost: extreme gradient boosting; LightGBM: light

gradient boosting machine
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Performance metrics' for early prediction of estrus with the different detection time

intervals (6, 12, 24 h before peak activity on the day of estrus)

Time Algorithm’ Se Sp Pr Acc
LR 0.27 0.96 0.27 0.92

-6h XGBoost 0.47 0.97 0.47 0.94
LightGBM 0.27 0.96 0.27 0.92

LR 0.53 0.94 0.53 0.88

-12h XGBoost 0.73 0.96 0.73 0.94
LightGBM 0.53 0.94 0.53 0.89

LR 0.20 0.78 0.20 0.66

24h XGBoost 0.47 0.85 0.47 0.77
LightGBM 0.27 0.80 0.27 0.69

'Se: sensitivity = TP/(TP+FN); Sp: specificity = TN/(TN+FP); Pr: precision =
TP/(TP+FP); Acc: accuracy = (TP+TN)/(TP+TN+FP+FN).
’LR: logistic regression; XGBoost: extreme gradient boosting; LightGBM: light

gradient boosting machine
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A5 A2k (DNN: Deep Neural Network)E Z&Hsto{ CNN
(Convolutional Neural Network), RNN (Recurrent Neural Network), RBM (Restricted
Boltzmann Machine), DBN (Deep Belief Network), BRDNN (Bidirectional Recurrent Deep
Neural Network) €22 TFM&
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import os
tqdm
random
pathlib
imageic
itertools

import
import
import
import e
import
import collections

from datetime import datetime

cv2

numpy as np

tensorflow as tf

PIL

pandas as pd

remotezip as rz

seaborn as sns

matplotlib

import matplotlib as mpl

import matplotlib.pyplot as plt

from tensorflow_docs.vis import embed
from tgdm import tqdm

import autokeras as ak

from tensorflow.keras.models import load_model
import mediapy as media

import
import
import
import
import
import
import
import

Using TensorFlow backend

get_top_k_streaming_labels(probs, k=2, label_map=
"““Returns the top-k labels over an entire

video s

(num_frames, num_classes) that represents
each frame.

se t.

label_map: »

Returns:

a tuple of the top-k pr

top_categories_last = tf.argsort(probs, -1, °
categories = tf.argsort(probs, -1, "DESCENDING')[
categories = tf.reshape(categories, [

counts = sorted([
(i.numpy(), tf.reduce_sum(tf.cast(categories == i, tf.int32)

tf.unique(categories)[@]

1, key=lambda x: x[1], reverse=True)

). numpy())

for i in

top_probs_idx =
top_probs_idx =
top_probs_idx =

tf.constant([i for i, _
tf.concat([top_categori
tf.unique(top_probs_idx

in counts[:k]])
last, top_probs_idx], @
[:ksl]

top_probs = tf.gather{probs, top_probs_idx, axis=-1)

top_probs = tf.transpose(top_probs, perm=(1, @))

top_labels = tf.gather(label map, top_probs_idx, axis=8)
top_labels = [label.decode('utfa') for label in top_labels.numpy()]

return top_probs, top_labels, top_probs_idx

os.environ[ "CUDA_VISIBLE DEVICES™] = "@"
os.environ["TF_CUDNN_DETERMIMNISTIC"] = "1"
mo|He &t ASAs e
A _ correct predictions _ TP+TN
CCUraCY =" W predictions TP+ TN + FP + FN
lsxse 22 ds w4 £Y
2) [SPYHTEE 8 Fxl2l 71d]
O &2 dAHE #8 Fxlel WM
O 7t5 dHEE 8 Fx[2] Aol CfAtel 74
- Sitapetal, T AExt 39 oA A TlsEAL
- D ZEY2=2 Alet HE H oA +F
Fe MM 2 1 7ls
Al ok oA
- & BZolo] EWE WXIES et Aol 2ol e
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— The effect of heat treatment on concentration of cortisol in dairy milk(gt=7| S5
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