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(Bovine Estrus/delivery Detection System Using Object
Internet and Image Processing Technology)
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5. 9 8%+
{ SUMMARY )
| EETES | D-02
Purpose& Bovine Estrus/delivery Detection System Using Object Internet and
Contents Image Processing Technology
O Preliminary technical review
« Using Image Processing Technology to detect fetal estrus detection
o Start developing an early-type temperature measuring device for
Results preventing disease
o Start developing Deep learning and Big Data programs
O Performing technical value evaluation
e Conduct technical value evaluation based on technological skill,
marketability, and business feasibility
O Additional research plans are established based on the results of
the preliminary technical review and technical value evaluation
e Development Algorithms of Detection and Delivery Using Image
Processing Technology
Expected * Development of Algorithm Driven Programs
Contribution | ¢ Development of a thermometric sensor (earth-type sensor)
» Development of Smartphone Application
* Development of Demodelling Algorithm for the Determination of the
Probability of the Estrus
» Building a Data Server
, Image .
Keywords Estrus Delivery , Algorithm IoT
processing
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No.1 A Review of Livestock Monitoring and the Need for Integrated Systems
Frost, A. R., C. P. Schofield, S.
XM Xt | A, Beaulah, T. T. Mottram, J. A. |23HAE| 1997
Lines, and C. M. Wathes,
Journal/ o .
Corference Computers and Electronics in Agriculture, Vol. 17, No.2(1997), pp.139-159.
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HoteEl S8 TLEZ AIA”RES e MM 2 Jtx ds 22 2te o ol H
| 0| 2 (Behaviour Model & Database), H0| 52t Z42 J7I&F AtY 2 2t
ol ol E{ | O] A(Feed Model & Database), 7| = =& 2t O O| E{ H| O A(Climatic
Model & Database), 2% 221 o 0| E{#i| 0] A(Diagnosis Model & Database) &

ozye HE $HY

0| &€ sl FEl(Interpretation Routine)olM 2A s =o|, EX 2ofe| XA =&
s 42 8l =8E Aol MEEHON U= XA Ho[AE Ssto] |
A7F disiol g S FHSHAHLE A|lAEHO AY HMOdsS T
- : |
Qok High Lewvel
Knowledge Bace T User
|
Feeding Reproducive Cllirr i Drisease
Contral Skate Controd Controd
Interpretation Roitines
T
™
Behaviour reed ERoE : L
Climati
Model & ! Model & —_ TR ﬂ':ﬁ;ff
Database Database
I Mubtiple Sensor Outputs D""ah““! Ditabase
NO.2 Wireless Sensor Networks in Agriculture : Cattle Monitoring for Farming
’ Industries
Kwong, K. H., T. T. Wu, H. G.
XAt | Goh, B. Stephen, M. Gilroy, C. |2 HE| 2009
Michie, and |. Andonovic,
Journal/

Conference

PIERS Online, Vol.5, No.1(2009), pp.31-35.
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UCtD X HstHAM, 0| F=ot7| fsl =2 Foll olst Mute] ds ofst
g z2ste = A= S SIEAONE HMotstH S, £ Ao olsMel AE
g ztfst ¢ = A+ 'IRP(Lmplicit Routing Protocol)0l2te Z2EZ2S |
2oF otstH A ZUEZ AlAHEHS 8 FXMSE st AFE THSIUS
NO.3 An Electronic Nose Network System for Online Monitoring of Livestock Farm
’ Odors
AMAHHE | Pan, L. and S. X. Yang, g4 = | 2009
Journal/ . .
IEEE/ASME Transaction on Mechatronics, Vol.14, No.3 (2009), pp.371-376.
Conference
FZAto| A ghMSH= obF T} %75'34 Atgtel Ao i E o|E = USS XHSHH
M, ZAIL| oFE RUEE st AIARES M otstdls
Qo
B M otEl A|ARIE ‘MAL FH(e—nose)d2l= B MME Ssl M= otE ool H
7t M HE<3E S5l ctekst ol 24 d2[H0| 8= 24 252
ME=ED ol XA HOIE7} BEMEO, MAIZICZE FALe| 2FE U EZEE
Study of the Ubiquitous Hog Farm System Using Wireless Sensor Networks
No.4 . o
for Environmental Monitoring and Facilities Control
A A | Hwang, J. and H. Yoe, gl A= | 2010
Journal
/ Sensors, Vol. 10, No.12(2010), pp.10752-10777.
Conference
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HMolge = JUES 24 HEL A4 HEE & F=rsH7] fls 24 HWES
32} CCTVE &M Mx|stA . =EAtel Mu|= ojg2] dHE =0 Us AMS &
A MA Zto 7|Htste Atz oz Mo E # J=d. o] A E|Xtof Al
SMS(Short Message Service)e &l =X MH|ATF M= E
No.5 IT 7182 HZAF 22| A|AHS st B4 Z2EZ M
2s5, ZEfgl Zoh} HRARR
A | oM ZY|Md, =BE SAMY, |HAlEE | 2011
S Al
1 — 1.
Joural/ - e L e —
rStEME7|&5 3 =2X,, MoA, M7=(2011), pp.105-110.
Conference
SM MM HEIE 2285t0] FZAF e 2/EE 48 ZUEZS, Z
Ho| stdE FXIst7| @l ZAF ol MxlE &4 =& EX[Q el 277
E 240z Mo = Us AIAHE PSR S
o ok T E AA”OM ZF MM =27 S-S 258 2 &5 HolEHes Mo7|e
- A3 =2 MEED HOZ|7F F=RE HolEHE 243510 ol 27|
TESAFIA . EsE Mol7|= =St HolEHE MHE ME5tD Mu{e= 0l
£ PCE Sdll &2lXtoAH HastA ==d, 22lX= HMolj7z|e] MHs #HY
& = QI HAEE MY HME = Mojr|z MetE

. 7t29 Aeld A 2UEP A2" A7 53

No.1 USN 7|8t S 2 Xt zz| AlA=
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NAE | 2E3, 2aE AT gl 4 = | 2009
Jourmal/ - oy - L o
st E7|=5t3 stA s=tsl=&%2,, (2009), pp.414-417.
Conference
2 AFoMEHX e 7 JIs0{Re] HEH S X[@st= USN 78 5= A
e AlA”ES FEg
HXe M2z MHE HIE é’éém, X2 Al Jtso{FEE mdstD
ZeA st HEE Ze|AHo:s7holl Al dF= FRUFHEHA MM HES
o of 3 7|8te| & Atz Alﬁ?é!% Hestd S
B
HekE AlA”R 2 =X AMuiofl Mol Jisst MM =2F FAF o MX|
st AaLE. 2|1 U2 XE st Z2l0|dE T2y S22 FAME.
ZHd = dolees 2 2d™dE dolEuolad MEEO], mE|Xtel HelM
2 s ZzloledlE Zza#llg &3 7+ 48 HMojstn =Eela &
NEE st S
No.2 USNS 0| E¢F At ZIX[AlAH
4 MAE FEHY M apa
(u} ’ ’ ’ SHiLd =
PSP ME s obxbol 2hsi A = | 2009
Journal/ - el ol O AL A L el = L o
FStadETsts|rlsstsw gl s =22, M6 A =2009), pp.181-186
Conference
HHT|e| taol EAES HHAHsI0], RHIFAHA MA HEYIE Sl 2o
HHE ZXAEY = U= Al2=-H S Hotsids
Q ok Mot=El AMAEHE JIEE MME &8s5t09 22| eseks umetsti, eE52H0|
SItetH Z|Ato| A 2™ ZX|of| ofst 1A Z1E St O|F A9 o2&
(mz| 2o F=E etsd MME S&A|7], SHE OOoIHE M Z ME5HA
Ho MHE z2E U4d 750 st HE2E e[ Kol A MEStA E
No.3 MM HESRZ Z|8te] J71F M2 ZUEHEZ A|AH
AMAYE | ZHS[Ef, O[H &, 2l A = | 2011
Journal/ - oo el = L o
FSt=ClE{Ul A 2 ats|51A st s| =22 ,, (2011), pp.279-280.
Conference
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Joumal/ | "HEXM2| S =EX/A2ZEHN ¥ dlole J=H,, Vol2, No.11(2013),
Conference| pp.7957800
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® A=Y %
1) =41 A(TempSensor)

FA 7= &9 Aol FEF3les AX=ZA IV FAE HASs] Y3 AAAE ZAA dHEHIE A
f35F =3 wlEE wA glo] FAT AFEES 95 1Az 188 Al&S SAHIEE =3 IAFE A
A3l Aeg ZAHNA &S wols AHY m=(Power-downZ XYt WlEE AEE HA5S
o5 41719 718 528 Uehd
}\]X]—
A =A Active(A 3))
v REg A
A& A%
Yes
v
Power—-down Power—down
neg A3 7 o
2) 4417]ReceiverStation)
FANE Y FAVANA AFsle AR JEE FAZE FAlsor 32z G4 =z Ags
3 FAE AR ARES MAGER 750 HY 715H 49 AL AXRE= PCYH 7EF ZYUHEH
7Hest AAE T3l ARV AAEA A T U

=43t RF B2lo g 2xdolHE FAlste Aoy, 52 AMYL oe 25
- 25 =AY -20.0 ~ +82.3 [C]
- 5 SAHAE: oF 1A
-ID A4 ¥ 1~ 1023 (F 10237 =44 FA 52 71%)
- A EAl: 2.4GHz ISM band
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4=417](ReceiverStation)

=414 (TempSenson ol Al RF E410.8 %213 SEEo]HE $as= Fx9. o] 4217]= RS485
Ae olgd M= oA (daisy chain) WA o T of 7}]-/] FANE dE2 AZFs ] AL
. B AFe eI 2E

- RF &4 25 374 (g% 4 7}%

- RS485 54 XE: U (e #7104 $alste exdolEHE #4517 A% ZE)

- RS485 441 EE: 17} (RF 2 RS485 44 ZEO|A 53 volglS o A2 $487] 9o

_cp\ 54l 2.4GHz ISM band

RF1 RF2 RF3

e [ A4
RF |RF FAIA] Zrwkg]
RX |RS485 <

TX | RS485 $AIA] Zwko]

RS485  HY  RS485
(EAE) (12~24V) (FA8)
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©® YEH=Z 7422357

L =AM (TempSenson= FAlol Ho 10237474 2] ALg 715

*AolE A

RS485 £A1

AZL g8 ¥} Zo] 1112 A4sd o,

T Al 4 (TempSensor)oll 4 RF Ao g £
st7] Ak Aol dR|ste] A= %a;}”ﬂ H. RS485E o] A AQl w2
O

g0

DSUB-9Pin Male

DSUB-9Pin Male

2 (485-/B/7) {————=————- > 2 (485-/B/7)
3 (485+/A/Y) {=———————— > 3 (485+/A/Y)
4, 5 (GND) {=———————— > 4. 5 (GND)
8. 9 (POWER 12~24V) {————=————- > 8. 9 (POWER 12~24V)
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. E=ET
@ s=9ol

- USB to RS232 HHE(B.3VE) <-

- mPro Programmer <- nRF24LE]1 Z 27" &
- J-LINK Emulator <- STM32F303VC Z=Z71zj" &

- J-LINK Adapter <- STM32F303VC Z =& 714 &
o

Al A(TempSensor) ID 274 T+=

- USB to RS485 AW E <- 4417](ReceiverStation) ©lo]E PC F41&

WG E(FF EAD

<mPro Programmer>
https://www.aliexpress.com/item/NRF24
LE1-Downloader—-mPro-Programmer-5
1-AVR-STC-STM32-nRF24LXX-C8051
F-AT24C-93C-25CXX-PL3K-Series/32
345385517 .html?spm=2114.search0304.
4.8.0VTFou

<J-LINK Emulator>
https://www.digikey.kr/product—detail/k
o/segger—microcontroller-systems/8.08.
00-J-LINK-BASE/899-1004-ND/21758
82

<J-LINK Adapter>
https://www.digikey.kr/product—d
o/segger-microcontroller-system|
02-J-LINK-9-PIN-CORTEX-M-/
ER/899-1012-ND/2421158

<USB to RS232 AWE(3.3VE)>
https://www.digikey.kr/product-detail/k
o/ftdi-future—-technology-devices—intern
ational-1td/TTL-232R-3V3/768-1015-N
D/1836393

<USB to RS485 ZAWE>

http://item.gmarket.co.kr/DetailView/Item.asp?goodscode=644834418&Goods
&jaehuid=200001169&NaPm=ct%3Dj4z041n4%7Cci%3De37ab8f06b0c12{f083
a8f56£f8946b8848%7Ctr%3Dsls%7Csn%3D24%7Chk%3D6ad8799cdf028a6726

4d678{666f156bcO

@ &ZEYO]
1 nRF24LE1&
- Keil C51 (A 9.0 ©]7)

2) STM32F303VC&-

- nRFgo Studio (H# 1.4 o] (22 =: www.nordicsemi.com)
- nRFgo SDK (WA 2.2 o) (&2 =: www.nordicsemi.com)
- mPro V1.6: HEX 3} T2 AT EO(ZZ 1)

- JAR Embedded Workbench for ARM v7.10 ©]%
- STM32F303x-& standard peripherals library (t}-2Z=: www.st.com)
-> en.stm32f30x_dsp_stdperiph_lib.zip: STM32F301x/302x/303x/334x& &}o] B2 &
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o). RS485 &4l =z +4
@ 89
- S01k2]: RS485, H41444: 19200 bps, 8 bits, 1 stop bit, no parity
D ¥ 1 ~ 1023 (& 1023 rvle)7tA] A4 F2 715)
- 25 =4 HEIAE: -20.0 ~ +82.3 [C]/ 0.1 [C]

—

© =g T =D 3 Ty FE: 0 ... ‘llxooxx’ BQ) ... ‘\r’ (D

S (2ol E) 0 1 2 3 4 5 6 7
. AEFER ID(8) DR eREed) | s LE-0E] £5) | RE-NN A LE) | =204 B LE) | BRER
s =y Az exfrlelsaaetfofe e et o 2 o[ [ [elele e ele[r e[ ee e efelz e s e e[ o P e E e e [ [t [o| =212 = ==
z 1~ 1023 [ o~8 [ 1-7 [1]1] [ 0~ 1033 0~ 1023 0~ 1023 r

D ANFATEA 2 ETEA
- HE T4 8¥E
- dlolg 914: 0, 7
- "ol g’ (FE, 58/3A/00111010), “\r’ (€, 13/0D/00001101)
2) D
- HE F4: 108 E
- dlo]g ¢ 1, 22HE)
- dolE k1~ 1023 (91X 29] 2HE + 9 19 SHIER =3
¥ 0 DE AHS3HA] o
3) wiE g A=
- HE T4 ¥ E
- oy 9X: 2(3¥E)
- HolE Z 6 (B.0v o), 5 (2.9v o4, 4 (2.8v o), 3 (2.7v o4, 2 (2.6v o), 1 (2.5v o),
0 2.5v mh
¥ TH IZEE AFSEA R (ZEY WA ZEVEF RS AS WA A%D
4) ¢33 =
- HE T4 38 E
- oy 9X: 2(3HE)
- dolg g 1~ 7 (ZE o] AEE wuitt 1% FUh S5 ZE Q] FAS FES] S8 AR
¥ 0Wl I=& ASSHA &2
5) = (AA &%, X7 A &5, 24 A =28 A4
- HE FA4: ZF 108 EXR
- dlolE A
O 2=-0(dA &= : 32¥1E), 4
@ £=-10A47F A ) : 32HIE), 5
@ L£=-22AM7F A ) : 32HIE), 6
- HolE k0 ~ 1023 (1] 39] 20E + $A] 4/5/62] SHIEZ Z=3)
¥ 252 Zak ub: (dloly gk - 200) / 10 [C] ----> -20.0 ~ 823744 EH 7}

2=
L=
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Q@ = &4 A

A= (Ekel E) 0 1 2 3 4 5 6§ 7
7

2= BEer ID(8) 1D(2 1+ HEi2) 50314000 2 E(#2zEE) 2E-0(EA £E) SE-L(AZE 8E) | SE-2(2NT A 2E) E2EA
z i n|a|n\1|1\a|n\n 0‘1|1|ﬁ|1|ﬁ|1‘[1‘1|1‘ﬁ|1‘3|1‘ﬁ 0|1|a|n|1|t|1\n a\1|a\1|a|a|1|10| | |n\1|1\a|n \r
DD
= ‘01 00011000° => 280¥ AlA]
2) vjE g A

= ‘1017 =>5 => 2.9V o]
3) &332
= 011" => 3 => 3¥A AEd= =Ed

4 L=
= LE-0FA &%) ¢ 10 01001110° => 590, &= Fak: (590 - 200) / 10 = 39.0 [C]
= £2-10A%F A %) ¢ *10 010100117 => 595, &= Fhak: (595 - 200) / 10 = 39.5 [C]
= 2E-2QA% A £%) 0 10 01001100° => 588, &= 4k (588 - 200) / 10 = 38.8 [T]
* AN ARANZE A LEE AFS= olF
<5 dolEe 4 T WAL 5 A= TG 1 o= sl HolEIE AWl WMEFHA Xk
A= sty ol Hely 270E A W&

* AW Z2ad 44 A LE A
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ol o| A= 58% 3k = oojE
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1
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AZE 3ol AT FE YL
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S8 1 Sk AAYE Anhn sk, A WA delEsl 14 12l AEAE A% T
A ElolHE 14 59%e] A%
- 1A 5% F71E S48 AMZ ok s, 3 A dlele st 14 58%el ASHe A%
5 s dolEE 34 3] A4F

O == HolH F5 $4A

oM 2EE St FAM=H 27 o] FATCM 22 HolHE FAlsHAl HE o] 417
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ol o] LA
* A &l i 2

* Y Yds FAlEE R 2% dHolHE ¢
AR =

Al o2 Z]
H7F AWz dEEHe 495 tnlste] A ZoM=E T8 I *

i

* RF 54 ZE Y +&
RF BAl9] ZH < FxE= “3-2. YA Fx° oA 71«3 RS4859 ZH < Fx9f TU3

2t. PCB 2 H 4]
@ =41 A(TempSensor)
D 3= ¥ PCB
- 32 %.: PCB\TempSensor
- PCB ¢}E9]: PCB\TempSensor\allegro
- Gerber #}¥: PCB\TempSensor\allegro\TempSensorGerber
2) B4
- 223 E: Firmware\TempSensor(nRF)
- HEX3}Y: Firmware\TempSensor(nRF)\Objects\TemplateProject.hex

@ 4417](ReceiverStation)
1) 3l2= 2 PCB
- 32 %: PCB\ReceiverStation
- PCB ¢}E<: PCB\ReceiverStation\allegro
- Gerber 3}¢: PCB\ReceiverStation\allegro\ReceiverStationGerber
2) Fo
<nRF24LE1&>
- &3 = Firmware\ReceiverStation(nRF)
- HEX3}Y: Firmware\ReceiverStation(nRF)\Objects\TemplateProject.hex
<STM32F303VCE>
- 223 E: Firmware\ReceiverStation(STM)

n} 2 = Al X (TempSensor) ID A A 3}7]

Aol AlEd B4 7s &4

Mol Zeaue gere shd 7B 44 DE 0o B, xAAY Ao Faer] ¢
0o] opd D= WAL sjopgt & DS WASY] sl ‘USB to RS232 AMEI(33VE)’
) AP BAow WAL & 4 AL LR Aol ArtHW JB FHow AY
N AEIE o] AU FA V%S BARE] PAE LR Aol vty
| 109 BMOD)°] High(VCC A7) ej7}

rfo
bt
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> e ©

o
™ off 01110 /[yl

N o

flo

>
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F] a2 =
1 VCC(3.3V) a4
2 GND a4
3 GND A
4 GND A
5 GND A
6 PROG g2 gegs
7 TXD RS232 E41(3.3V #4)
8 RXD RS232 E41(3.3V #4)
9 SCK I ters
10 MOD ID 43 2= 24
11 MOSI g% tgeEs
12 MISO g tgees
13 CSN g% tgees
14 RESETn g8 tgeas
15 VCC(3.3V) A
)< Highdl ZHIZ HdE <7kstd ths3 Zo] ‘Calibration mode’ EAEES &9
o Algld B4l Zlse] 43 d AEHY S ¢HE
o — O bt
@ ¢x4Ae D 8357
‘6-3. AlEld WEHo’ oA AFsE EAA ‘DD WA Y] HWHS Fudte DE WAL
D HA ‘BE ARG dojer]’ #HHFZER A HAAFHO Q= IDE %
EER 7|HE Efo]g A
“:RD Wr” 22 >R ->D > AFHoA 49 -> dF
o — O bt
H&E +EE =239
HMHO ZEwn E==2EH)
0003 (1000us)
2) ‘ID ¥A3s7]° WHEHOo=E DE #wASY. G0H DE HAE 49
EEE 7|HE Efo]g A
“:IDO050Wr” 22 >1->D->0->0->5->0 -> dF

ol
-
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|l CO_. = O >
HeE IO 2T
RO BW ESH)

Aoz ID7F WAoo 0K’ Sgo] FAEg. (&F TAHA NG’ HHE
3) ‘EE HAAZ ¢goler]’ "wHEo=z DI AZFoE HAHER 3T

7 o 7| = Elo] =4

“:RD Wr” ZE >R ->D > AFHoA 48 -> d¥

4) 24 W7ol BYHLE o] FoiFTHA

@ co.. -— O X
He® IO ERE
HYO ZW E==2H
Lonfig Data

0050

‘RE AR AR "HHo A AA WLE
2 ug84 vEdz 7| S3
g & o] 7lEE Elo]sg A
“:ST Wr” £ >S>T > 2502 49 -> dF
i OO . O X
Hs(F) =H®E 2ES
HYGQ W E==TH
0os0
it Count: 0010
it Delay: 0003 (1000us]
A Aol g E®H  :0K’ Sgo] FAlHATH
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© AN d HPo

AA g5 ij: Elo]3] &A/4H 718 2%k A4 73
<A|z=F H#H>
1 | =E AAg gdoler] | "RD W' | 28 -> R -> D -> &#o]x 47] -> <l
2 | mE dAR AFs] | ST Wr' | ZE > S -> T -> 230|247 ->
MCU #Als}7] "RS  Wr' | 2 >R ->S -> 2do]x 4] -> dH
<A BE HA>
} . 0 (IO wA
4 | ID WA37 "IDOO5OWr" | &2 ->1->D ->0->0->5->0 -> <lH ) 1 ~ 1023
TO AA37] (0'C) “TO W' | 22 > T -> 0 -> 2#o]2 47] -> <l A mALL
TO AA317] (25'C) “T1 W' | 22 > T -> 1 -> 252 47] -> 4lF A " AL
TO A73}7] (50'C) "T2 W' | FE > T -> 2 -> 2Fo]2 47 -> <lH A nALE
<A AR
U “RTOOLOWr | 2 >R ->T ->0->0->1->0->< _ 3~ 15
8 | AEABg HAHsr] | . 10 (103)) 33 ~ 18
1~15
9 SN AR | “WAO003Wr | 22 > W ->A ->0->0->0->3->¢ 3 (1000us) (500us
7] " = 4000us,
step: 250
<HA & gojor)>
10 | &= 97 [ "GT  wr" |28 > G -> T -> 2sol2 4} -> ] |
<HH >
11 | A9AeE 8% “OK  Wr" | A4 %
12 | sevE oF S8 NG  Wr' | &F S

* RN WHE A Fe WAT Foe viAgel STC wWHOoE WA AAH gES WHF
HZA e 2 AFsor & T WS AAVIsor WEE 24 gol HEH AT

o &0 AL 08T AW A 4

- &9 g AL 249 mwe] Fobx ] A9 39.0CeIH, AT A FHSE 38,
5C ¥

- o] s A9 05Tl A4S, BukAl 05Ty e57t shestAl B

- EW AF AP Y AP Lo} uskslA Hu), olv] dolEsE i Lxo mE
A grol A APL AFY F A
36,0~ 38.0°C 37.8~39.0°C 38.0~38.8°C JA5~-39.5% an. 5. J-ZD < 40.0 '\-.42.0'“1: H.D':d?.l}'c

BN M, B X4
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