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HAE A3 : ol HAES nAR Z42ke] A4 wmme) B2 A Azke] Fel glont

4 Al s2te]l AR+
MSPRUT_AS - 7|8 E|~E (delay : ms)
e comGet | BMA_star | BMA_Rese | BMA_Set Accel Init delay Died
delay t delay t delay delay delay (RF)

0 100 100 100 500 500 100 404
1 90 90 90 450 450 90 3-4 U A}e]
2 80 80 80 400 400 80 3-4 A}l
3 70 70 70 350 350 70 2-3UA}o]
4 60 60 60 300 300 60 487 7o)
5 50 50 50 250 250 50 4871 7ke] ]
6 40 40 40 200 200 40 3617kl
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8 20 20 20 100 100 100 24217kl
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10 0 0 0 0 0 0 FAZFe W

- Ah2FTgA 7 AAM Q] Datag read 3t & ZigBeeZ HEste= IAvit WA IZ=E A4

H = le] -l =

- A7F = EJEE AMSend.Send() &7F &% ¥ $o] SUCCESS WAIAE return 3l
Hok ANHORE ZigBeeE: F Data A% & uS dataE AEE & ded, A97|A
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event void InitTimer . fired{) ¢
memcpy{call AKMSend.getPayload{&sendbuf), &sensordata, sizeof sensordata);
if (call AMSend.send{AM_BROADCAST_ADDR, &sendbuf, sizeof sensordata) == SUCCESS)
{
sendbusy = TRUE;
call Leds.led2Toggle();

Eall ComGetTimer .startOneShot(100);



task void RF_send()
{
memcpy({call AHSend.getPayload{&sendbuf), &sensordata, sizeof sensordata);
if (call AWSend.send(AM_BROADCAST_ADDR, &sendbuf, sizeof sensordata) == SUGCESS)
{
sendbusy = TRUE;
call Leds.led?Togqle()};

H

event void InitTimer.fired{) {
Fx
memcpy{call AHSend.getPayload{&sendbuf), &sensordata, sizeof sensordata);
if (call AMWSend.send{AHM _BROADCAST_ADDR, &sendbuf, sizeof sensordata) == SUCCESS)
{
sendbusy = TRUE;
call Leds.ledZ2Toggle();
¥
B/
post RF_send{)};
call ComGetTimer .startOneShot(180);

[Task A2 ArziE]

[e] \=4
MSPRUT_AS - F7]"] H|ZE (delay : ms)
_ comGet | BMA_star | BMA_Rese | BMA_Set Accel Init delay )
=S Died
delay t delay t delay delay delay (RF)
0 100 100 100 500 500 100 1570] %
1 90 90 90 450 450 90 1570l %
2 80 80 80 400 400 80 5ol
3 70 70 70 350 350 70 5oy
4 60 60 60 300 300 60 4ol
5 50 50 50 250 250 50 4ol
6 40 40 40 200 200 40 3oy
7 30 30 30 150 150 30 3oy
8 20 20 20 100 100 100 1-2¢A}o]
9 10 10 10 50 50 10 1-2¢ A}o]
10 0 0 0 0 0 0 1ol
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task void RF_send()

sensordata.count

csCounter++;

&sensordata, sizeof sensordata);

if (call AMSend.send{AM_BROADCAST_ADDR, &sendbuf,

mencpy({call AMSend.getPayload{&sendbuf},

sizeof sensordata) == SUCCESS)

{

call Leds.led2Toggle{)};

H

else
{

//Reset

WDTCTL

WDT_ARST_1_9;

while{1);
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20 21 22 23 24 25 2B
802.15.4™ Channel* 2405 2410 2415 2420 2425 2-1-30 2435 2440 2445 2450 2455 2460 1465 2470 2475 2480
Center Freq (MHz)

Y 9

802.11bfg 1
Channel** Center 2412 243? 2452
Freg [MHz)

Bluetooth
(802.15.1) FHSS

2400 2483.5
Freq Range (MHz)

[Zighee 1671 A2 W]

JHAE ZigBee Fuk¢ UelA 7+ Adm AAME st AAE (ol Az ALl

)

welste] Z4zke] Ade Sl mRmE Seie & ¢ e

BAEA] AME 16709 Ad E2sty] fste] ofgfoh 2 A= FEe FUleke] AME N

event void CC2428Config.syncDone(error_t error){
if{error==SUCCESS){
#/fcall Leds.led@On(};
call RadioSend.send[1]{AM_BROADCAST_ADDR, &sendbuf, sizeof sendbuf);

H
else{
post RF_Ch_Setting{);
#fcall Leds.led10n{};
H

(i8] 223 (BaseStation)]

_80_



(7

even

S

t void CC2428Config.syncDone{error_t error){
if{error=

elsed

SUCCESS){

call ComGetTimer.startOneShot(168);

post RF_Ch_Setting(};

- AdRE TS olgdte] HAE @ 231 4 ANEZRE 7 AUz dolgE £
&te] DBl A4 diolelg e A3 BE AdolA 7247 AR gE Ade] 43 F
- -
Uil AAH o dolgrt $AHE Ae Bl
Al B [¢] D [E[ F [6] H [I] 4 [k L ™M N [0f] P [ R [S] T [U] V¥ [W[] X |¥] Zz [A] AB |
4 1 3748270 2 3727244 3 3749688 4 3752096 5 3755216 6 3759306 7 3761268 8 3759401 @ 3758668 10 3758025 11 3757794 12 3755402 13 3755365 14 301209
5 1 3748271 2 3727245 3 3749689 4 3752097 5 3755217 6 3759307 7 3761269 8 3759402 9 3758669 10 3758026 11 3757795 12 3755403 13 3755366 14 301210
6 1 3748272 2 3727246 3 3749690 4 3752098 5 3755218 6 3759308 7 3761270 8 3759403 9 3758670 10 3758027 11 3757796 12 3755404 13 3755367 14 301211
7 1 3748273 2 3727247 3 3749691 4 3752099 5 3755219 6 3759309 7 3761271 8 3759404 9 3758671 10 3758028 11 3757797 12 3755405 13 3755368 14 301212
8 1 3748274 2 3727248 3 3749692 4 3752100 5 3755220 & 3759310 7 3761272 8 3759405 9 3758672 10 3758029 11 3757798 12 3755406 13 3755369 14 301213
9 1 3748275 2 3727249 3 3749693 4 3752101 5 3755221 6 3759311 7 3761273 & 3759406 9 3758673 10 3758030 11 3757799 12 3755407 13 3755370 14 301214
10 1 3748276 2 3727250 3 3749694 4 3752102 5 3755222 6 3759312 7 3761274 & 3759407 9 3758674 10 3758031 11 3757800 12 3755408 13 3755371 14 301215
11 1 3748277 2 3727251 3 3749695 4 3752103 5 3755223 6 3759313 7 3761275 8 3759408 9 3758675 10 3758032 11 3757801 12 3755409 13 3755372 14 301216
12 |1 3748278 2 3727252 3 3749696 4 3752104 5 3755224 6 3759314 7 3761276 8 3759409 9 3758676 10 3758033 11 3757802 12 3755410 13 3755373 14 301217
13 1 3748279 2 3727253 3 3749697 4 3752105 5 3755225 6 3759315 7 3761277 8 3759410 9 3758677 10 3758034 11 3757803 12 3755411 13 3755374 14 301218
14 1 3748280 2 3727254 3 3749698 4 3752106 5 3755226 6 3759316 7 3761278 8 3759411 9 3758678 10 3758035 11 3757804 12 3755412 13 3755375 14 301219
15 1 3748281 2 3727255 3 3749699 4 3752107 5 3755227 6 3759317 7 3761279 8 3758412 9 3758679 10 3758036 11 3757805 12 3755413 13 3755376 14 301220
16 1 3748282 2 3727256 3 3749700 4 3752108 5 3755228 6 3759318 7 3761280 8 3759413 9 3758680 10 3758037 11 3757806 12 3755414 13 3755377 14 301221
17 1 3748283 2 3727257 3 3749701 4 3752109 5 3755229 6 3759319 7 3761281 8 3759414 9 3758681 10 3758038 11 3757807 12 3755415 13 3755378 14 301222
18 1 3748284 2 3727258 3 3749702 4 3752110 5 3755230 6 3759320 7 3761282 8 3759415 9 3758682 10 3758039 11 3757808 12 3755416 13 3755379 14 301223
19 |1 3748285 2 3727259 3 3749703 4 3752111 5 3755231 6 3759321 7 3761283 8 3759416 9 3758683 10 3758040 11 3757809 12 3755417 13 3755380 14 301224
20 1 3748286 2 3727260 3 3749704 4 3752112 5 3755232 & 3759322 7 3761284 8 3759417 9 3758684 10 3758041 11 3757810 12 3755418 13 3755381 14 301225
211 3748287 20 3727261 3 3749705 4 3752113 5 3755233 6 3759323 7 3761285 8 3759418 9 3758685 10 3758042 11 3757811 12 3755419 13 3755382 14 301226
22 1 3748288 2 3727262 3 3749706 4 3752114 5 3755234 6 3759324 7 3761286 8 3759419 9 3758686 10 3758043 11 3757812 12 3755420 13 3755383 14 301227
23 1 3748289 2 3727263 3 3749707 4 3752115 5 3755235 6 3759325 7 3761287 8 3758420 9 3758687 10 3758044 11 3757813 12 3755421 13 3755384 14 301228
24 1 3748200 2 3727264 3 3749708 4 3752116 5 3755236 6 3759326 7 3761288 8 3759421 9 3758688 10 3758045 11 3757814 12 3755422 13 3755385 14 301229
25 1 3748291 2 3727265 3 3749709 4 3752117 5 3755237 6 3759327 7 3761289 8 3759422 9 3758689 10 3758046 11 3757815 12 3755423 13 3755386 14 301230
26 1 3748292 2 3727266 3 3749710 4 3752118 5 3755238 6 3759328 7 3761290 8 3759423 9 3758690 10 3758047 11 3757816 12 3755424 13 3755387 14 301231
27 |1 3748293 2 3727267 3 3749711 4 3752119 5 3755239 6 3759329 7 3761291 8 3759424 9 3758691 10 3758048 11 3757817 12 3755425 13 3755388 14 301232
28 | 1 3748294 2 3727268 3 3749712 4 3752120 5 3755240 6 3759330 7 3761292 8 3759425 9 3758692 10 3758049 11 3757818 12 3755426 13 3755389 14 301233
20 1 3748285 20 3727269 3 3749713 4 3752121 5 3755241 6 3759331 7 3761293 8 3759426 8 3758683 10 3758050 11 3757819 12 3755427 13 3755390 14 301234
30 1 3748296 2 3727270 3 3749714 4 3752122 5 3755242 6 3759332 7 3761294 8 3759427 9 3758694 10 3758051 11 3757820 12 3755428 13 3755391 14 301235
31 1 3748297 2 3727271 3 3749715 4 3752123 5 3755243 6 3759333 7 3761295 8 3759428 9 3758685 10 3758052 11 3757821 12 3755429 13 3755392 14 301236
32 1 3748208 2 3727272 3 3749716 4 3752124 5 3755244 6 3759334 7 3761296 8 3759429 9 3758686 10 3758053 11 3757822 12 3755430 13 3755393 14 301237
33 1 3748289 2 3727273 3 3749717 4 3752125 5 3755245 6 3759335 7 3761297 8 3759430 9 3758697 10 3758054 11 3757823 12 3755431 13 3755394 14 301238
34 1 3748300 2 3727274 3 3749718 4 3752126 5 3755246 6 3759336 7 3761298 8 3759431 9 3758698 10 3758055 11 3757824 12 3755432 13 3755395 14 301239
35 1 3748301 2 3727275 3 3749719 4 3752127 5 3755247 & 3759337 7 3761299 8 3759432 9 3758699 10 3758056 11 3757825 12 3755433 13 3755396 14 301240
36 1 3748302 2 3727276 3 3749720 4 3752128 5 3755248 © 3759338 7 3761300 8 3759433 9 3758700 10 3758057 11 3757826 12 3755434 13 3755397 14 301241
37| 1 3748303 2 3727277 3 3749721 4 3752129 5 3755249 6 3759339 7 3761301 8 3759434 9 3758701 10 3758058 11 3757827 12 3755435 13 3755398 14 301242
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- Socket Handler : 2#3t¥ 1000719 #j71& DBAM=E #F, TCPE ol-§ste] DBAH

dolE & ¥

mote Ve mote

\ STt \ \ \ T 24

Base T Base 7
station station|___| D
y 4 y i

Field Field
Server Server
'L - 2NN l = Fdd=
WER S ALHIARI WEB = rali 4!

(A EeE

oft
ol
[‘—_>':c
2
£

m

o
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-
°x
>
fols
(et
3
o
ol
o
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| Erg = 2= 2
A SERS
N
W

golE A% BA WA AnfEZ] Y XHS B3 U7 g4 Alxd" LE
AA A 3 FFed oA TP Tas e diolEle] ol MA A dolE
d& eiAs Fexmel DBAH O HAQ] Aol 7P Fasith A HES A 2,
A 7171 i’é}, SRAA the, ZRA 2 o] T o] 7FA] adle] o3 TA=

=1
7] S1ske] W@l ohd %

M dlole £Aelth 7t PEG 84 AA dojHE @
o “?45401 k. HOlEE £ Bohe Fo dA 2 4TS AAE AT F Q)
wpel, e thAE A 947 A 2 A Yebel Sele] Wash

CDBAMAA 2R3 A8 B4 A8E B, DBANE s o 3 e
ey el #7o) AxHo] 3
stk DBAHE A&Hom Wl
a%at oled WY xS PC v
A ge o7t AEE 2 A%
A% 22 Aol HolEe] LA A% AaS Az
- DBAHS] UEY HAolA 2R wasel Wl wg
e, Azg Bt AEHoR o) el oA @

Aoz 2T + Uk

~
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SSHel 44 dAdge Aue veshl SRS g, Gy Zzage as 4
HE ZRAsR SR R dE ZAs AN 9He A8d 5 g of
$ restart FieldServ'& Ele]3 sto] BEAME ANZ A7 5 Aok
& A7 99 ve) $58 2aYE gEEe] AYun, of dgelN Zzalxel F=,

Atk Zamele] %3] '$ tail FieldServlog’ BH-& &3 233 + vt tal HES 34

of Wl wpxet 1055 =38k WREAE HAle VSES dFewA A4 dHE & < 3

Ubuntu

User Daemon

Kernel

Field Server a Monit

Maonit Ol 22| Field Server ZEA|

DBAHAAE 0738 gAlsl F4 982 ol Axd BelaA WAz dE9e s34
B ol Q1Ee o] 88 FEAQ HPoEM WAZE Bt ohet Abgro] s Uol7] o]
H57h 9% & ek dEG] OF B4 FEl /MY B BuAme] oF Wy A A4F ¢4

7Is& F7hetel 1S a4 ola ARl Heoly =5o] 7hsatAl skl
B

uEAN M AHFHT g s SGAANA AAshe 714 Fole ke TeAs 3
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A7k FPs AL,

Basic options for your PUTTY session
Specify the destination you want to connect to

[Hast Name {or IP address) Port
& SETHCEY 222.114.73.24 1000
e Tornechon type:
Serial |
i

Raw Telnet () Rlogn 100 55H
TADB2E MNEHZH v AHUE

L% P 193,_8
U TRE P P A2 GRET TSN
zzEg ™ v gfiwEE - % ZE

£ | 6L

AunE wee &n

ADVANCED SETTINGS

PC 2 ~OtEZ0H E= L4

1

AYE Sl w3l gdFE PFLe stttk oy A2FE(RES PC LEROE HE )

< o] IPE EU=E WF UELAS At Al YES e <53

dutH o g UEYAS £33 ZEAALT AL [PFA TEHT 3t AHE U1 glojof
=

g2 H&a7] 9sidE NATNetwork Address Translation)#}il £l WHslyAo] F Qs
EXAQ(FolA Eoj oS due xog HYFEL) AAS el

o o= A ¥
=]

=24 s34 5 Jh

3
ARESY SSH 718402 223 XEE ARSIt wjio] TEX QY HAAoA Wi XES
BE 2Wos At Ui XE AAS WA I

well known port'$1¢1 1000t o]e] £ E F 37§ LEE AlEs}
oA dA ARE Edi® SSH H&ES &3 2428 d=AuE Aojdtt o] &3 PC 2
ZWFEZO| A B ARE 7hedty] wiimel] AlRhat o] groflbA] 9far Ao dstel] tiAE

ATt SSHol| AFEE&= 223 PCeF ~ntEE 712} putty 9 Juice SSHO

=

AR E gt A UEYIAAA AZ9 ZigheeE o]83t 114 dolg FH

AA 2 FklA o) Wy WEAES BAs] AsAE FAe) Be e delE Ua

r
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2
SILEANE ol g3, 20 YEAES Rl oWl Avt WY PFL Holw ek A
& B Rl FoEM AuEoR HEY

= &} 2=
%@+
S

B tlo

o] PEE S A5y Y E o8 279 dlolgrt 2ad Aoty I FgA A9 &
Aol og Aurt 4 Fasieh
3% 7tEm MM A7) AAE BT AN w=s s LZate] 19, o UATEe] BE
Ho|El & 44 35lo]oF 3o},

A AU o] el = gl dolHE a&or AFshs Wl twdt 5o

ek s A AN dEG e A9 Aol 27 thad.

n&olA b wol AHgsHE Wi-Fiol 4% Afant ga, ge 5o w58 A P43
7l AL access point’t F7EE BRF] MRl AN MEADE TN BHF

1=]
n
. EFF2 A9 AEAYTE 10vEeks A9 SARS =20 7t Al olg)t o] T

F4 57bo) FEHEolol S T4 A YEAZE EA0 HolHE et B Fo A4
w7 AbE) QA ARlE #AE 0 EA AAE 10078 AEAA e Geeld

_E'L
BAHEE w2 ¢ 59 EAS BT WEEE ZigBeeE ARSI
Zabs 7t e A A EY A A E ZigBeed 250Kbits/s &E7F FA|7F Hoh
09 ==o] tialAlE 250Kbits/s 9 AEEEZE A7 BA7F HAE Sxuk A4 A )

E9z ZRAAE obRUE A% Sro @A FRY Sl gl

| Timer | | App l | Send | |Schcdulcr|
T T T

IFired Event ! [
1

T
1
1
Send I can send? !
1
1
1
1

1

1

1

1

1 Result post task
] (success)

1 ]
1 1
1 1
1 1 1SendDone Event
1

1

1

1

1

1

1

[71¥49 4% flow]
sl A4 mEd A ] st 2ol delaE Adshl wuk sAw, BAE T4 A
MENZE TS AN wot she TS geted dek ole e A4 wsEol

THE ARE Ao R HAEE o W, okl "I Zo] 747 m=s2 olr

>

oL

ol

-

rlr
2

o
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o o3k Fired oJHlEc] o3 HF= Al=st vk AR & ktdA +38F< Send &

Zho]l &R H7] Aol dAses & ¢ e ol TS Hol M A de] A H.

| Timer | | App | | Send | | Schedulerl
T T T T

IFired Event ! I I

r j[ 1
Send | can send?

Result post task

1

1

]

1

1 _ (success)

[} 1
1

1

Fired Event

1
Send ! can send?
Result
L]
r |
1

SendDone Event

|

dolHE FAlste= 179 wol~ms=of N9 AlA w==ihe] SAls & 43¢ dF Ad9] 4
o] wol AsHA At

webA ZigBeed] HAl BAIUAS o] Ao AER ZeEste] NS wlo]~m=9F N7jo Al
A el AFE sdstA Askd 1l FAle] 7hsstAl HRE U] Aded oy 79 w=
Eo] E2S & v Bt} §&40F HoHE A

250Kbits/se] A9 ZigBeeE o|&3dle] W o] AlA HolHE AAIoR AFsts WO
= A 5 T3l ZigBeed A Fab tHs BT ARt dEEeo] FEES A

Fauh

2~ 5 <
A5e ¢ Ak

2 %9 7
WA 179 WolswEsl of Aje] A mEAbolo] A Anhp WAL F=A] Lo

.
71 918 HAEE APt 10719 AA =EoA 140msol & WHA Ho|HE HALsEE )
~E 3tk

dlo]e] % A Race Conditiono] #|&4 o= WAlS a4HA ZigBee 54 ZEOIA 1 o4
dlolE & AEe 4 gl Aol wAHA F2ho] 52 3t

Mg AFE BAE AN mse] Fao] WRE AYE Adshs Aeldlth old s were
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A e dolHE dHelH

A B D E E G H J
37 1 5339 2 1614 2 4851 4 12259 5 5045
38 1 5340 2 1615 3 4852 4 12261 5 5046
39 1 5341 2 1616 3 4853 4 12262 5 5047
40 1 5342 2 1617 2 4854 4 12263 5 5049
41 ! 5344 2 1618 3 4855 4 12264 5 5050
2 1 5345 2 1619 3 4856 4 12265 5 5052
43 1 5346 2 1620 3 4857 4 12266 =) 5053
44 1 5348 7, 1621 3 4858 4 12267 5 5054
45 1 5349 2 1622 2 4859 4 12268 5 5035
46 1 5350 2 1623 3 4860 4 12269 5 5056
47 1 5352 2 1624 3 4861 4 12270 5 5057
43 1 5353 2 1625 2 4862 4 12272 5 5058
49 ! 5354 2 1626 3 4865 4 12274 5 5060
50 1 5355 2 1627 3 4866 4 12275 5 5061
51 1 5357 2 1629 3 4867 4 12276 =) 5064
52 1 5359 7, 1630 3 4868 4 12277 5 5068
i 1 5361 2 1631 2 4869 4 12278 5 5070
54 . 5362 2 1632 3 4870 4 12279 5 5071
55 1 5364 2 1633 3 4871 4 12280 5 5073
56 1 5365 2 1634 2 4872 4 12281 5 5074
57 ! 5366 2 1635 3 4873 4 12285 5 5075
58 1 2367 2 1636 3 4874 4 12286 5 5076
59 1 5369 2 1637 3 4875 4 12287 =) 5077
60 1 5370 7, 1638 3 4876 4 12288 5 5078
61 1 5371 2 1639 2 4877 4 12289 5 5080
2 1 5372 2 1640 3 4879 4 12290 5 5081
63 1 5373 2 1641 3 4880 4 12291 5 5082
64 1 5374 Z; 1642 3 4881 4 12293 5 5083
65 ! 5375 2 1643 3 4882 4 12294 5 5084
66 1 5377 2 1644 3 4883 4 12295 5 5085
E| 1 5378 2 1645 3 4884 4 12296 =) 5086
68 1 5379 7. 1646 3 4885 4 12297 5 5088
69 1 5380 2 1647 2 4887 4 12298 5 5089
70 1 5381 ? 1648 3 4388 4 12300 5 5091
[1h5 &A1 A3
obe] Ei 14709 Wlol gt 14he] AN wmEgke] BAL
=
o]z Auje] M3t Aujolrt,
A B D E F G H J
2 1 3748268 2 3727242 3 3749686 4 3752094 5 3755214
3 1 3748269 2 3727243 3 3749687 4 3752095 5 3755215
4 1 3748270 2 3727244 3 3749688 4 3752096 5 3755216
5 1 3748271 2 3727245 3 3749689 4 3752097 5 3755217
& 1 3748272 2 3727246 3 3749690 4 3752098 5 3755218
7 1 3748273 2 3727247 3 3749691 4 3752099 5 3755219
8 1 3748274 2 3727248 3 3749692 4 3752100 5 3755220
£ 1 3748275 2 3727249 3 3749693 4 3752101 5 3755221
10 1 3748276 2 3727250 3 3749694 4 3752102 5 3755222
) 1 3748277 2 3727251 3 3749695 4 3752103 5 3755223
12| 1 3748278 2 3727252 3 3749696 4 3752104 5 3755224
13 1 3748279 2 3727253 3 3749697 4 3752105 5 3755225
14 1 3748280 2 3727254 3 3749698 4 3752106 5 3755226
15 1 3748281 2 3727255 3 3749699 4 3752107 5 3755227
16 1 3748282 2 3727256 3 3749700 4 3752108 5 3755228
17 1 3748283 2 3727257 3 3749701 4 3752109 5 3755229
18 1 3748284 2 3727258 3 3749702 4 3752110 5 3755230
19 1 3748285 2 3727259 3 3749703 4 3752111 5 3755231
20 1 3748286 2 3727260 3 3749704 4 3752112 5 3755232
21 1 3748287 2 3727261 3 3749705 4 3752113 5 3755233
22 1 3748288 2 3727262 3 3749706 4 3752114 5 3755234
23 1 3748289 2 3727263 3 3749707 4 3752115 5 3755235
24 1 3748290 2 3727264 3 3749708 4 3752116 5 3735236
25 1 3748291 2 3727265 3 3749709 4 3752117 5 3755237
26 1 3748292 2 3727266 3 3749710 4 3752118 5 3755238
27 1 3748293 2 3727267 3 3749711 4 3752119 5 3755239
28 1 3748294 2 3727268 3 3749712 4 3752120 5 3755240
29 1 374829 2 3727269 3 3749713 4 3752121 5 3755241
30 1 3748296 2 3727270 3 3749714 4 3752122 5 3755242
31 1 3748297 2 3727271 3 3749715 4 3752123 5 3755243
32 1 3748298 2 3727272 3 3749716 4 3752124 5 3755244
33 1 3748299 2 37272713 3 3749717 4 3752125 5 3755245
34 1 3748300 2 3727274 3 3749718 4 3752126 5 3755246
35 1 3748301 2 3727275 3 3749719 4 3752127 5 3755247
[1eH1 &2 23]
% A%k 7 44 = 1D S A4 delEe] AAsNES RolFa gtk
> - = = = =] = - 2~
A oA Aaks S S AIFAHETE Y A= AS = 5 Stk
= i =
7o) whA = -1 wol EA .
= O & =] [e) =) = =L =
ZHzke] AdE A 1l A& Fe dHolHs siste 4+ HA
= - =] -y T O ol = A<
19 AlEEE7E A Eoles AS gdd o+ Atk



= bR oz ARgsle, RS A FElA oY Y] AlA mEEdlA

ZigBee® o83 n&ow Jestaux & A4 &Aoo Fils]
wEahe WS ARE

» ZigBee®] FA AFS 1670 Az welste] wojzemsl AA ==
Ao kol dolHd s A AdS Haseslrh

(9) A=A Heolg |7l A
12+ #7227

A 3= A9 Race Condition ®HA)o 2 213 dlo]ele] el & &4 vkx

EA A 0% Hlo]E]
ol

E 719 3H)

A AN MEAZ 8749 7 AN wEeld 58 B % o, A%oE FAE:
&

il
[
)
—_
of
r)v
QL
oy
I
il

| Zl o] & data
T ol& BEAS | I L A7 | AJEA d Al ol H
HOJE 4= | 2 4 4 14

-unix time.h® time_t+= 4byte signed long.
-1970/01/01 09:00:00 ~ 2038/01/19 12:14:07 *H<
= A2 |dY : 4dbyte unsigned integer(FHT7] 0.1%, 10 AIREA)
-10 * 60 * 60 * 24A]7F x 3659 * 101 = 3,153,600,000 Al¥ 2~ max gk
v TRy, A A 2R F R 2 L 2bytex7 = 14byte
- A4 HoleE dgd 3
HE F457) A% LEWES Ui g
AFEAL £ALZ S A2 ]

o U 2 AR A A AW E oF 29719 #e 7RS4 2= unsigned

iy HE
o
L
_0|L
32
i)

B3k o] 52 FU(H A 10dE overflow® €13 F47F BAlel#] e

- W 2 ARE MES] Bslvh 2u9lel7] Wiel ARx W FAA
& "ES AN Hole BESL ge T A o) A

- A dolEe A9 @ @S Hu] volEQ) 0gke] SoleAw 27
=]

et
ox
ol

=~
BE A GHES weleE s A7]E Il

23t 17 7

integerg AR&3te =
)

@A HA G E A
slA Et

AAlo)7] wiie] $-A

3} 7l o] & data
o= REWSE | A HE a2 A7 | A EA dr | AlA ol
Hpo|E 4= | 2 2 4 4 14
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» HE W3 : 2byte unsigned integer
-3k 5% AW 07 65535
M 2byte unsigned integer
-3 7 #Adl 0765535
- 9R W AR Asd EY 20) anz
—unix time.h?] time ti= 4byte signed long.
~1970/01/01 09:00:00 ~ 2038/01/19 12:14:07 %
» AEA Ay 4byte unsigned integer(FFF7] 0.1%, 106 Al4EX])
-10 * 60 * 60 = 24A17F = 366 * 101 = 3,153,600,000 A2 maxgk

» data @ 7FEEXY) A SR SFEZE

- 129 W FRAIA 2NES AT ] Aol M Qi AWE ok LEW
EE el ASHE NFOAT ASACET B AFANE & WER 247 ANEL
; P 1f MBS AR5 Y] Png

32k =7 A

gl & data
FroolE jj nE REWS | I 9 Az | mlelaRx | AFEs d | A gelH
Hlo] E 1 2 4 1 4 8
» 97 F5F : lbyte character
-1 14 nlo]E, dlolg #FlUdS ¢
» HE W3 : 2byte unsigned integer

-2 5% A 07 6553

= A B AR A2E 3 7] adgie
-unix time.h® time_t+= 4byte signed long.
-1970/01/01 09:00:00 ~ 2038/01/19 12:14:07 ¥ <]

= AEA 9y dbyte unsigned integer(FFF7] 0.1%, 108 AAEA])
-10 * 60 * 60 * 24A|7F x 3659 * 101 = 3,153,600,000 Al¥Z max sk

» data : 7FEEKXyY,2), A A7) 2bytexd = 8byte

» 7 FF Bt FHEAL ol % Z2EFS FASH 2 A5 AEE ot fo]
H 37l A= 0x018t o2 g,

=AM ElelE dxe] AVE 4ol 82 A ofdel o7 27|l 149 AF RE Al
A dolHE E3betes @ Av|olth shAvk # ZRAEo M= ARHA e AXES
Al elste] o] A7)= 7%_9?0}7] sl 7SR AA e 35, v, 2) HelHek A7 wloE Rt
= ¥3sto] 8ule|E A7|2 el
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= B vpolarXx ATt FUHEAT o] H e HolHe 2T oF T/He HolErE 22 AlRbE Th
Atk By AEg doly WA Al FA o ofglgo] T st=gojHl AR RECA
MRS 715 s gAR AZES Ao s HUE A B AHS 4] s AEE Al
s FRE Fob) F9dk

A ZE(EEME FEAS o DB AWz dFete] duMn Ad 2= d4F)
g 7lol &+ match_code
ol & location | type id
HlelE 4 14 1 2

= Jocation = 4byte unsigned integer
s 2 A% HA oF 429

= type = lbyte character

R/ AH T2 AE 9 FF0l7] Wil lbyte €
-id = 2byte unsigned integer. 07 65535 W$o I=/GAMn L7

» AR ZE 22 AFEAA DEMu el DBAMIEY 2SR dFlolt ol
=3 DBAH= dA fEE Ane ARE 3sta a5 Aed

= JEMHO] FES f8 2ad AREE A, Ao T, A Mart ok A Hel tigh
T 7o) e digk FESE & 4 At} location -‘257} 2 M Ag 3 v

o
o
unsigned integerZ AH&3}i ).

AE AWt & 4 Q) o] M= Y4ds] 4ulelE
Yol &= A el ezt 24T & Jdt(FE WA oA Jdg). i type

g Fo] duMu(A)9 A B)E Tt dAls ZeAunt FEFoglong o]
e AR nAHEC
w2 B e TR AHEE §e WS BFs] e ofg e Myt =4 4

Stk o= idBEE Fdl FEEE A oF 650007 744 =8 7Hsst
3 7l o] & match_code
ol & type location | id
Hlo]E = 1 4 2

» type = lbyte character

= Jocation, id = 4byte unsigned integer

= AR Alelze adiRelx AR A BAHAT type BES 7P Foz HUYFATH
oAl 3 olft= DBMHIA A& st ot7] flsiA oIt type ol sgsk= 3 HE
JJEE gloj5el F Jltjat gto] ohuzh wE) ohe AP AP 5 YRS ype W %
o % Bl

(10) AE(ZE, §%

= A

=
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- 3, 7HE A8 AL S o old SAWSE Qs W wae wshh o
ojub=dl W77 o354l Hat 18417 AEdl 16417 B M2 15472 ofFo] thE
Ao s 3ANTAE AA vebd ey B < vz AIeAE Ao Wske}
Faglo]l 25-32ARFe 2 I, WAMAE VFeR & A9 A wE BAe] HAe i
BAZRE 7FoRE & 9 o5 A5 v Ad v3) 3ANTAE FofoFgh
w0 U5 qd5He] TS BEste 74

- oFolgtal stk 1 7]&o] 25T o]skl Ag-= wAAFo] Frtsh, 71o] 30T o
Ze7bd A sl w53k oAEFoldbe A wWE 1L AE# 2o o3 WA Fe] B
L57b A = i, a2 w=EHE Algto] AviIAE aEslejors) o5 iy E}

159 7V=27F a3t

Summer Winter
(n=4) (n=5)
Longest interval between
mounts recived, h 4.2 2.7

(mean)

<

(1) A& Aol Feh 5

o A vle A A 3R =

Blxol Slof Aol wE

)oll

7ol

- Awew Wl olgah
Aol &, a4 ek A4
S e ATH A9

Wt 2ALE vheo] i

% ol SgAQ S5l

S7hel&

E+= 40km= 60%

A% F7ks, S9N

b AR A >

2v)7

Concrete floor

Rubberized floor

Number of steps 4,321 5,724
Step length 57 cm 71 cm
Distance 2.5 km 4.0 km
< AV ukg e mE 3 E S5 n=h>
o AR At uhebgEe] o% WRBS Fol
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(RS}
o,
ox

>~
Rl
D)
Y
i
111
A
1~ >1-U
ot
o,
f
)
Ach
1o,
\
N
1o,
)
N
N
il
b
ol
o
Ex
oft
ol
f

ABF PPl AEAA G
A ALY AT 2L 9 28

%0,
rr
i
AcH
Ach
iy
I
>
>
=2
-4
o,
ok
offl
ol
rlo
X
o
ke
ol
3
1o
o,
o
X
S
o
1o
f
oxl
N
o
i<}
ko
oo

- AR Woloh ASHEe] M2 WAYE Ffo] BA
- ARRge] 3% vlwe] Solz Aol 279 A% wAWFe] A AkS woul, 557 o]
o] FE|E #AEete AF ARSEY A7V ARSEE Hohe BAV ) e JNATE 279 AT
1570l vls] 2 & 50| 20-30% <7FskH, 35F o]/l = 50-100% < 7.
» BAT Q= JNAFE A AR BF
- ol& agst] wAT A& AMAVE 170 AE <12, 279 A5 x1.0, 3F odQd AT
x0.7¢] A7} HQ.
One cow in estrus Two cows in estrus More than two cows
(n=5) (n=6) in estrus (n=5)
Mounting
4.4 5.5 7.8
(mean)

F AR 2Tl Sl Al whE ST s>

(13) AA Hlele BA o

1
2
3
4
8
6
7
8
g

1
11
12
i3
14
15
16
i7
18
19
20
21
22

=

From
20140524000000  20140525000000 5
20140525000000  20140526000000 5
20140526000000  20140527000000 5
20140527000000  20140528000000 5
20140528000000  20140529000000 5
20140529000000  20140530000000 5
20140530000000  20140531000000 5
20140531000000  20140601000000 5
20140601000000  20140602000000 5
20140602000000  20140803000000 5
20140603000000  20140604000000 5 5.68E+08 44676051 13241459 5240305 2550612 1380966 9107742 6200505 4812376 3512214 2858194
20140604000000  20140805000000 5
20140605000000  20140606000000 5
20140606000000  20140607000000 5
20140607000000  20140608000000 5
20140608000000  20140609000000 5
20140609000000  20140610000000 5
20140610000000  20140611000000 5
20140611000000  20140612000000 5
20140612000000  20140613000000 5
20140613000000  20140614000000 5

S BEF AUALE sl IHE BHT 1 ole] BAR Aste] HolEst 245
2% M A4 dolE BAS B F U Ut goR WAl YANYE Buwnh

To moteid E0 E1 £2 €3 €4 £5 % £7 £s £9 £10 cou
56E+08 54224185 15369330 6374854 3385628 2067480 1332427 8967157 6727423 5258955 4453009

605E+08 54126089 13357541 4945756 2300821 1220002 7174892 4646248 3282418 2689717 212394.2 a8
616E+08 77666550 21227864 0180720 4785418 2085586 2025624 1544504 1180910 9564616 769055.3 43
GOSE+08 118E+08 35719108 15538783 7965360 4465457 2807721 1966758 1480733 1179641 9471351 2
575E+08 39133073 10567050 4297605 2158831 1172763 7769876 5315706 3934799 3140407 254190.1 28
595E+08 41270315 10325403 3977045 2013097 1212722 8282352 6315211 4985702 4111766 346562.1 ]
572E+08 28923830 7258668 2663079 1289714 7357645 4914887 3648500 2018950 2471838 2054769
501E+08 48242331 12780534 5176815 2685563 1600124 1088940 8058712 614440 470442 3809825
503E+08 46441923 12894957 5166370 2697893 1641100 1145608 8816141 7154795 5786746 4967945
562E+08 45842027 12763175 4845713 2223950 1258215 8076985 5953515 4628266 3826059 3241918

[
]

o
=

5.95E+08 456078300 13075429 5422227 2783686 1672129 1152348 324056 6494814 4877299 421340.6
5.91E+08 55427619 15789934 6026145 2880838 1618693 1055034 7076631 5249914 4254721 329782.8
595E+08 54087984 16035281 6523700 3245408 2020510 1317233 1010676 806404.7 6389807 5289323
5.93E+08 43170297 11828366 4663282 2329814 1423895 9518443 7069188 5359022 4165601 3405106
5.96E+08 45155786 13102970 5391848 2790027 1699804 1170733 858559.7 647990.2 5396231 463565.8
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6.10 Power Supply

Parameter Min. Typ. Max. Unit Condition / Note

Current consumption in differant Current drawn from VEEG_IN,

modes (see Figure 25, page 44) through voltage regulator

Voltage regulator off (OFF) 0.02 1 pA Voltage requlator off

Power Down mo_de- (PD) 20 .y Yoltage regulator on

Idle mode (IDLE) 426 A Including crystal oscillator and
voltage regulator

Current Consumption, 18.8 mA

raceive mode

J‘ip Texas SWRS041B Page 13 of 89
INSTRUMENTS

@ ‘ Chipcon Products 002420

from Texas Instruments

Parameter Min. Typ. Max. Unit Condition / Note

Current Consumption,

transmit mode:

P =-25 dBm 85 mA The output power is deliverad

P =-15dBm 99 mA differentially to a 50 ©2 singled

P =-10dBm 1 mA ended load through a balun, see
P =-5dBm 14 mA also page 54.

P =0dBm 174 mA

YA AAE 1% 73 ZigheeE ol g3tel WA HolEE S4AlskE TR 174 + 188
= 36.2mAAEIE Y HMEAR)EE F2Y geA 1= 7]E 2534mA 7 ARET

Selthe BE JFOR 129 DAY $54S & F9 84%9) A¥ARE 29 4 Ak
PDEE Ei DEL BE2 A#3H7] 918 24 Lol FHE AMoIA BHHES A9l 2
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AA el dlolg & o] &ste] dA &7t F4 == A U Tl oF ok
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& TS H2EE 2P
hnIE 3
oS == MsprutCnc FL oA TimerE A= I ol
/ /COMPASS
//new TimerMilliCc () as ComTimer,
new TimerMilliC () as ClockTimer,
new TimerMi111iC () as ComGetTimer;

Elo|H & o] &3] 1xwlt} clock_counterg st F7F Al

event void ClockTimer.fired{()

I
1
L

clock counter++;

}
3% 7HE= AlA S HelHE Read & F xyz=9 @S AA SAFCE HAIT
z data = call Bmalb0.Z read();
sensordata.accelZ = z data;
if(z data & 0x200)
z data = (z data & Ox03FE);
z data = (z data ~ Ox03FF) + 1;
z data = ((float)z data/256) * 1000;
//sprintf (MsgBuff, "Z:-%d\r\n", z data);
//call SCSuartDBG.UARTSend (MsgBuff, strlen (MsgBuff));
}
else
z data = ((float)z data/256) * 1000;
//sprintf (MsgBuff, "Z:+%d\r\n", z data);
//call SCSuartDBG.UARTSend (MsgBuff, strlen (MsgBuff));
}
z temp = z data;
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e a7 Agdoldold 20E Beste] olHE AAEE Fa mse] Uxolth

if (time now<=thres time) //within 1lmin
{
if (et < 900 || et > 1100)
thres time = time now + 60;
Write (line+"\n", "d:\\5 result\\"+file.Name) ;
, |
else
{
if (et < 900 || et > 1100)
{
Writel(linet"\n", "da\\5 result\\W" # file.Nams);
thres time = time now + 60;
}
}
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Date 29 == HH izt x| 5k
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‘ WLAN : 220.69.209.17
Iptime
8port router
I 192.168.0.1
Iptime 24port Gigabit
Ethernet Switching Hub

~.100 ~101 ~102 ~110 ~111 =112 '~113 -~114

= AT
HDFSE shibe] Mwz S2ate Zo] oplel ofe] Aue] AxHol egdnt ¢ 293 2o

L5k ZelaH 7Y
% 8ole] MHE shbe] & oyl Sne] AAstT HATl FSHE AXNAA UA BF
Ze26E TG

hostname IP hadoop Hbase
Master 192.168.0.100 MNamenode, Datanode Hn_'laster,
HRegionServer
Slaved 192.168.0.101 Secondary Namenode, HRegionServer
Datanode
Slavel 192.168.0.102 Datanode HRegionServer
Slave2 192.168.0.110 Datanode HRegionServer
Slave3 192.168.0.111 Datanode HRegionServer
Slaved 192.168.0.112 Datanode HRegionServer
Slaves 192.168.0.113 Datanode HRegionServer
Slaveb 192.168.0.114 Datanode HRegionServer
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hostname CPU RAM HDD
Master Intel Core i3-4150 Processor 8GB 2TB
Slave0 Intel Core i3-4150 Processor 8GB 2TB
Slavel Intel Core i3-4150 Processor 8GB 2TB
Slave2 Intel Core i3-4150 Processor 8GB 2TB
Slave3 Intel Core i3-4150 Processor 8GB 2TB
Slaved Intel Core i3-4150 Processor 8GB 2TB
Slave5 Intel Core i3-4150 Processor 8GB 2TB
Slaveb Intel Core i3-4150 Processor 8GB 2TB

a2 steslof A

<{HBase H|°o]& AA>
HBaseol| A H|o]E+= H|o]Eo] AHAHAT} HolE8L 299 AP oz FAHI, Z9+= Ho]E9
= 712 rowkeyoll &3] HEEH ZE HolE9 HEL HolES rowkeyE T3l o] Foixlth

JIIdE
DATA
RowKey AEA [ x| ¥ Z XIAH1 HT AT
(A¥3c +
=AIE +
mote_id +
datetime +

micro_second}

713 : HBase Hlo]& +x%

AAE o] &ste] X HolHES 9 193 22 7 2= HBase HolEol| A%3ith ©lo]E

7He E0)7] Y8 AY ==, A=, mote_id, datetime, micro_second 7}A &
2 HolHE 535t rowkeyZ A AS UWAo HolHE ZHPOoRE FUlsle] &A=
A skt
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public static void addRecord({String tableName, String
rowKey, String family, String cqualifier, String wvalue) throws
IOException{

.-.{

HTable table = new HTable (conf, tableN
ame) ;

Put put = new Put (Bytes.toBytes (rowKey
1)

rut.add (Bytes.toBytes (family), Bytes.t
oBytes (qualifier), Bytes.toBytes(value));

table.put (put) ;

} catch (IOException e) {
e.printStackTrace () ;

}
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M= Electronic estrus detector

An electronic estrus detector that may be affixed to the back
of a cow comprises a tapeswitch connected to a counter for
storage and display of number of mounts by another cow.
When a cow mounts another cow equipped with the estrus
the of the the
monitored cow closes the tapeswitch and increments the

detector, impact mounting cow upon
counter, such that the contents of the counter indicate the
the

embodiment, a modified electronic estrus detector indicates

estrus condition of monitored cow.In a second

estrus condition based upon satisfaction of a mount-second
index. A user programs the estrus detector to shwo when a

specified number of mounts, coupled with a specified total
time duration of all mounts, has occured.
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M= | ESTROUS DETECTION SYSTEMS
System for estrous detection in cattle or other animals w1 s .
exhibiting standing heat behavior. The system includes a | = A < U
surgically implanted unit (10) positioned at the hindquarters | ¢ Z_ev%”a’é\
NPANNNANAN

under the hide. The implanted unit includes a power source
(42), a force responsive sensor (34), a controller (44), a
transmitter (48), an antenna (38), and a fluid-tight capsule
(30) which surrounds the other elements. The implanted unit
senses force applied during mounting by another animal. It
analyzes the duration of mounting to discriminate sustained
mountings during estrus from shorter duration spurious
mountings which routinely occur in cattle herds. The number

of sustained mountings which occur in a fixed period are
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counted and the frequency is compared to a threshold which
determines whether estrus should be indicated. An estrus
condition is communicated telemetrically to a receiving base
station (52). The systems allow fully automated estrous
detection and analysis to be performed.

TEE0F U5 5 g NXg [ ¥s

G0O8B 23/00

R i =g =8¢

e

Republic of
Korea

[US] (Management:

1999-12-29

09474713 Rural

Development

Admnistration)

X2 Systems for identification and estrus state detecting
=

in cattle

In a system for identifying a plurality of cattle bred on a
livestock farm and detecting an estrus state thereof, an
apparatus for detecting and identifying any one of cows in
the estrus state, comprising a switch mounted on a caudal
part of a corresponding one of the cows in such a manner
that it can be operated when a different one of the cows
mounts the corresponding cow, an encoder for generating an
inherent identification code with respect to the corresponding
cow in response to the operation of the switch, a radio
transmitter/receiver circuit for transmitting the inherent
identification code from the encoder externally by radio and
receiving an external identification code by radio, a decoder
for decoding the external identification code received by the
radio transmitter/receiver circuit to detect an identification
code value therefrom, a comparator for comparing the
identification code value from the decoder with a prestored
identification code value of the corresponding cow to
determine whether the two identification code values are the
same, and an indicator responsive to an output signal from
the comparator for indicating that the identification code
value from the decoder is the same as the prestored
identification code value.
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[US]05542431 1996-08-06
Incorporated
M= | Heat detection for animals including cows

A system is disclosed for making determinations related to
the heat cycle in a cow. The system includes an electronic
patch attached to the cow. A transmitter module for
transmitting heat mount data is contained in a pouch of the
electronic patch. A removable and disposable battery is also
contained in the pouch for powering the transmitter module.
The heat mount data from the transmitter module is sent to
a repeater module to maintain the quality of the transmitted

heat mount data signal. The heat mount data is
re-transmitted by the repeater module to a central receiver
module which includes a memory for storing heat mount
data. The heat mount data is downloaded to a computer
upon request using software that is also used to analyze the
heat mount data. Analysis of the heat mount data results in
determining a value that is useful in deciding on the optimal
time to breed the cow.

Electronic estrus detector :
CHE 47 22tF Mo WIS 40| 0| Ro| Y oMY 4
CF S7RRIRE QIME & YUk

ESTROUS DETECTION SYSTEMS :
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Systems for identification and estrus state detecting in cattle :
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Heat detection for animals including cows :
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Journal of dairy science 2012 Valenza, A.

e Assessment of an accelerometer system for detection of estrus and treatment with

gonadotropin-releasing hormone at the time of insemination in lactating dairy cows

Two experiments were conducted to evaluate an accelerometer system (Heatime; SCR
Engineers Ltd.,, Netanya, Israel) to manage reproduction in lactating dairy cows. In
experiment 1, lactating Holstein cows (n = 112) were fitted with an accelerometer system
and were treated with GnRH followed 7 d later by PGF2«¢ to synchronize estrus. A total
of 89 cows that had a follicle >10 mm in diameter and a functional corpus luteum at

the PGF2 ¢ injection that regressed by 48 h after induction of luteolysis were included in
the analysis. Overall, 71% of cows were detected in estrus by the accelerometer system
and 95% of cows showing estrus ovulated within 7 d after induction of luteolysis. Of the
cows not detected in estrus by the accelerometer system, 35% ovulated within 7 d after
induction of luteolysis. Duration of estrus activity (mean + SD) was 16.1 + 4.7 h and was
neither affected by parity nor milk production. Intervals (means £ SD) from induction of
luteolysis, onset of activity, peak raw activity, and peak weighted activity to ovulation was
82.2 £ 9.5, 28.7 £ 8.1, 204 + 7.8, and 16.4 + 7.4 h, respectively, and the interval
from Al to ovulation was 7.9 =+ 8.7 h, but ranged from —12 to 26 h. In experiment 2,
cows were assigned randomly to receive an intramuscular injection of GnRH at artificial
insemination (AD after detection of estrus by the accelerometer system or receive no
treatment (control). Nine hundred seventy-nine Al services from 461 cows were analyzed.
Treatment with GnRH at Al did not affect fertility at 35 or 65 d after Al, and no
interaction was detected between treatment and season or treatment and Al number.
Overall, two-thirds of the cows that were considered properly synchronized were
inseminated based on the accelerometer system and ovulated after Al The remaining cows
either were not inseminated because they were not detected in estrus or would not have
had a chance to conceive to Al because they failed to ovulate after estrus. Furthermore,
mean time of Al in relation to ovulation determined by the accelerometer system was
acceptable for most of the cows that displayed estrus; however, variability in the duration
of estrus and timing of Al in relation to ovulation could lead to poor fertility in some
cows. For lactating dairy cows detected in estrus by the accelerometer system, treatment
with GnRH at the time of Al without reference to the onset of estrus did not increase
fertility.

AN A = CH & X Kt

Journal of Computers 2013 Ling Yin

e estrus_detection_in_Dairy Cows from Acceleration Data using Self-learning

Classification Models

Automatic estrus detection techniques in dairy cows have been present by different traits.
Pedometers and accelerators are the most common sensor equipment. Most of the
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detection methods are associated with the supervised classification technique, which the
training set becomes a crucial reference. The training set obtained by visual observation is
subjective and time consuming. Another limitation of this approach is that it usually does
not consider the factors affecting successful alerts, such as the discriminative figure,
activity type of cows, the location and direction of the sensor node placed on the neck
collar of a cow. This paper presents a novel estrus detection method that uses k-means
clustering algorithm to create the training set online for each cow. And the training set is
finally used to build an activity classification model by SVM. The activity index counted by
the classification results in each sampling period can measure cow’ s activity variation for
assessing the onset of estrus. The experimental results indicate that the peak of estrus
time are higher than that of non-estrus time at least twice in the activity index curve,
and it can enhance the sensitivity and significantly reduce the error rate.

e AR EE CH 2 X X}
Journal of dairy science 2012 Aungier, S. P.

e Effects of management and health on the use of activity monitoring for estrus

detection in dairy cows

The aim was to investigate 1) the relationship between the physical activity index created
for each cow by activity monitoring systems and the identification of the preovulatory
follicular phase, and 2) the influence of various production, health, and cow factors on

the relationship between physical activity and estrous behavior. Eighty-nine spring calving
cows, on pasture, were monitored during the breeding season using the neck-mounted
estrous activity monitor Heatime (SCR Engineers Ltd., Netanya, Israel). Milk samples were
collected twice weekly for progesterone assay to characterize resumption of reproductive
activity. Reproductive tract health was assessed weekly by ultrasonography and vaginal
mucus scoring. Body condition score and milk yield were assessed every 2 wk. Heatime
identified 72% of preovulatory follicular phases from which 145 inseminations resulted in
69 conceptions; 32% of activity clusters were associated with high-progesterone states (.e.,
false positives). By inclusion of a 6 to 8-h duration threshold and maintaining the
borderline peak activity threshold, this was improved to 87.5% with 21.3% false positives.
Mean (£ standard error of the mean) peak activity and cluster duration (19.3 = 0.53 and
10.8 =+ 0.38, respectively) were highest for the second or subsequent preovulatory
follicular phases followed, in descending order, by those during first preovulatory follicular
phases (14.8 = 2.13 and 8.4 =+ 1.4, respectively) and high progesterone states (8.0 =+
0.47 and 3.0 £ 0.42, respectively). The odds of an activity cluster being in a preovulatory
follicular phase rather than a high-progesterone phase improved by 29% for every 1-unit
increase in peak activity and by 91% for every 2-h increase in duration. The probability
of an activity cluster detecting a preovulatory follicular phase was improved if it was a
second or subsequent follicular phase, if body condition score was 0.25 units higher, if
milk yield was 10 kg lower, and uterine infection was absent. Conception rate was
influenced by insemination on the same day (52%) or day after a cluster (34.3%);
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inseminations were carried out using the a.m.-p.m. rule. Advances in the development of
more accurate automatic monitoring of the preovulatory follicular phase will aid the timing
of insemination and, thus, improve conception rates.

ER A EH = CH & X K}
Journal of dairy science 1975 Foote, R. H.

M= | Estrus Detection and Estrus Detection Aids

There is no substitute for good management. Each animal should be identified carefully.
The herdsman should know all signs of estrus or impending estrus. In addition, for visual
detection of estrus to be highly effective, sufficient time must be taken at least twice a
day to catch animals with a short estrus period. Presently there are two visual aids to
estrus detection which provide potential 2A-h surveillance. One aid is a pressure sensitive
device mounted on the back of each cow which can be triggered when the cow stands
for mounting. The second one is a marking device worn by sexually aggressive animals
which will stripe with colored ink the back of estrous animals as the marker animal
mounts and dismounts. Both devices are effective when used properly. Other tests of
changes in cervical mucus, vaginal characteristics, temperature, blood flow, and hormone
changes in blood and milk are either not sufficiently reliable or else simple enough yet to
be practical aids for routine detection of estrus in dairy cattle. Milk progesterone can
assist in characterizing problem cows

ER AMEE CH # X At
International Journal on Recent Trends in Engineering and 2013 Markandeya, M.
Technology N.

M= | Automatic Estrus Detection System for Dairy Animals

This paper deals with the new aid for detection of Estrus (Heat) in dairy animals. As dairy
Technology is developing day by day, therefore reproductive performance of dairy animals
is major concern in dairy industry. This Reproductive performance of dairy animals
requires accurate and regular Estrus detection. Estrus is nothing but a behavioural
symptom in mammals which indicate that female is mated close to the ovulation. That’ s
why Timely detection of estrus is the only solution to increase the fertility rate in dairy
animals. Failure to detect animal in estrus and breeding animals which are not in estrus
result in economic loss for the owner because of extended calving interval and additional
semen expenses. Accurate Estrus detection gives idea about proper timing of Artificial
Insemination. So Estrus detection is the key solution for effective growth in dairy
technology. During estrus period animal shows mounting behaviour, increased physical
activity and vaginal temperature of animal is increased. So, in proposed technology, for
the very first time all these three signs are sensed by three sensors. The signal from the
sensors are given to the micro-controller, then micro-controller process the data, display
the data on LCD screen as well as transfer all the data wirelessly to the Personal
computer (PC). PC runs a software module which display all the data i.e. Animal name,
number of mounting, physical activity and vaginal temperature.

e | AEE | CH 2 X Rt
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Journal of dairy science | 2010 | Lovendahl, P.

M| = \ On the use of physical activity monitoring for estrus detection in dairy cows

Detection of estrus in dairy cattle is effectively aided by electronic activity tags or
pedometers. Characterization of estrus intensity and duration is also possible from activity
data. This study aimed to develop an algorithm to detect and characterize behavioral
estrus from hourly recorded activity data and to apply the algorithm to activity data from
an experimental herd. The herd comprised of Holstein (n = 211), Jersey (n = 126), and
Red Dane (n = 178) cattle, with virgin heifers (n = 132) and lactating cows in the first 4
parities; n = 895 cow-parities, with a total of 3,674 activity episodes. The algorithm was
based on deviations from exponentially smoothed hourly activity counts and was used to
identify onset, duration, and intensity of estrus. Learning data included 461 successful
inseminations with activity records over a 2-wk period before and after the artificial
insemination. Rates of estrus detection and error rate depended on the chosen threshold
level. At a threshold giving 74.6% detection rate, daily error rate was 1.3%. When applied
to a subset of the complete data where milk progesterone was also available, concordance
of days to first activity-detected estrus with the similar trait based on progesterone was
also dependent on the chosen threshold so that, with stricter thresholds, the agreement
was closer. A singletrait mixed model was used to determine the effects of systematic
factors on the estrus activity traits. In general, an activity episode lasted 9.24 h in heifers
and 8.12 h in cows, with the average strength of 1.03 In units (equivalent to a 2.8-fold
increase) in both age groups. Red Danes had significantly fewer days to first episode of
high activity than Holsteins and Jerseys (29.4, 33.1, and 33.9 d, respectively). However,
Jerseys had significantly shorter duration and less strength of estrus than both Red Danes
and Holsteins of comparable age. The random effect of cow affected days to first episode
of high activity and strength as well as estrus duration. Days from calving to first episode
of high activity correlated negatively with body condition scores in early lactation. The
results suggest that data from activity monitors could supply valuable information about
fertility traits and could thereby be helpful in management of herd fertility. To establish
the complementarities or interdependence between progesterone and  activity
measurements, further studies with more information from different sources of measuring
estrus are needed.
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