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SUMMARY

The livestock industry in Korea urgently needs the improvement of productivity and reliability through
better working conditions, better price competitiveness and scientific breeding. This study attempts to
develop ubiquitous breeding system for farms to monitor index at real-time basis and control and
measure it using bio-sensing. As convergence technology with IT and BT under USN(Ubiquitous
Sensor Network) circumstance, it may contribute to produce highly reliable information for better
productivity and quality improvement.

It is global trend to transfer livestock industry to underdeveloped countries due to environmental
pollution or to transfer full-time farming or commercialized farming which requires more advanced
control due to the increase of number of livestock, and for environmental condition improvement.
Furthermore, as there is a risk of huge economic loss and social problem by infectious diseases,
real-time health and disease monitoring is urgent to prevent endemic disease. Increase of productivity
through effective breeding including sound nurturing, estrous detection via bio-signal, breeding time
control and pregnant and delivery are utmost important. A system development to protect workers
from any unpredictable acts by the livestock and to make a ubiquitous control outside the cattle shed
is necessary. Also a technology to supply necessary information for livestock industry policy making
and research project such as livestock product record system and gene resource preservation,
protection and productivity. BT is one of national core projects with high demand of IT and BT
convergence. Furthermore, animal bio-injection biosensor is a global trend of development. Therefore,
it is very time to study interdisciplinary study with biology, livestock, veterinary science, biosensor and
resources and to preoccupy a global market with original technology.

This study explored biosensor for bio information collection of livestock (pig), applied biosensor after
designing and manufacturing ASCI for real-time wireless transfer and achieved real-time monitoring.
The following results are drawn as reproduction control index.

1. Temperature change during the estrous time of sows was 36.9+0.4°C right after ablactation (Day -2),
which reached the maximum on the Day 2 with 37.8£0.2°C after two days of estrous start
(Average 37.6+0.2C). Then, it continued to decrease down to the same level before estrous start.
This result indicates the estrous start of sows is the point of 0.7C increase of temperature and
the optimal temperature of fertilization is the highest temperature with 37.6~38.0C range.

2. Temperature change during the estrous time of gilts was 36.9£0.4C right after removing Ring-type
(Day -2), which reached the maximum on the Day 2 with 37.8+0.2°C after two days of estrous
start (37.620.27C). Then, it continued to decrease down to the same level before estrous start.
This result indicates the estrous start of gilts is the point of 0.7°C increase of temperature and the
optimal temperature of fertilization is 37.7~38.1C range.

3. PH change during the estrous time of sows was 6.77 right after ablactation (Day -2), which
reached the maximum on the Day 2 and Day 3 with 7.4 after two days of estrous start (Average
7.1). Then, pH continued to decrease down to the same level before estrous start. As pH sensor
insert was difficult to gilts, the size was needed to be shortened. Thus it did not take as existing
pH sensor could not be inserted. Meanwhile, pregnant diagnosis index failed due to high stress of



biosensor insertion, artificial fertilization and re-insertion. However, data oscillation device had
MSP430(MCU) built-in system with Tiny-OS, and it determined regular transfer condition and time
by programming with NesC. Data receiving device was programmed with NesC on Tiny-OS and
interlocked to database which enabled SMS sending using JAVA program. The SMS sending was
made possible by registering mobile number in LG-Dacom.

To develop pregnant diagnosis index, biosensor (temperature) was inserted inside the vagina before
starting estrous. If estrous start and optimal time of fertilization are notified, it removed the sensor
(remove it and re-insert after fertilization) and attempted fertilization. An attempt to develop pregnant
diagnosis index was carried out based on an hypothesis that if the process was properly done, it
developed to pregnant and the womb temperature would be kept rather higher by activating the
womb (See fig. 53). But it failed to develop the index as the stress of test stock was too high due
to biosensor insertion, artificial fertilization and re-insertion.

The principle of pregnant detection device by temperature is that if livestock (pig) starts delivery, the
allantois is destroyed to release lumbar segment, which is followed by the breakdown of the amnion
and release of amniotic fluid. Here, biosensor (tempo-sensor: 3 types) in the vagina is released
together with lumbar segment and amniotic fluid. If tempo-sensor exists in the vagina, it keeps 37.
5T, and it is decreased down to the room temperature (20~25C) when it is released. At this time, if
the temperature becomes lower than 307C, the tempo-sensor causes wireless LAN module interface
to notify it to mobile or internet of the manager on the deliver condition. Such delivery detection
principle is designed by recognizing the temperature differences between body temperature and
external temperature. The scope of temperature difference is highly related to the temperature of
cattle shed. Thus, it does not affect much during winter, but the temperature must be set rather
higher than that in cattle shed during the high temperature period in summer. For delivery detection
by tempo-sensor, wireless LAN interface operation is essential and low power battery is to be used.

The following conclusions are drawn from the livestock test result by trial goods.

1. More complementation of communication distance and power device operating time (lifespan) of
body insertion biosensor (temperature and pH) is required.

2. The reduction of body insertion pH sensor must be needed, pH measurement per use (reuse) is
required and it was difficult to maintain reliability.

3. Insertion biosensor for real-time monitoring caused hygiene inconveniences and stress to target
livestock.

4. Large size stock is more advantageous in insertion treatment than medium or small size livestock
for applying real-time breeding index and health control system by biosensor.
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o2& el 7w #E

AA Fe FAk#e] AssteE CCTVel o3 =yEE 2 FA s @83 As Al
wol # wF Al&glo] tF-olty AtRAtEwol7le el 9%k Y Hujojoje] 3 H
of whel spo]Ze}lE Fslo] ALEIE wolHH, AlZAE ARE 1Y 23] AR vrol H9
st FEolth B3 wFe Y 9ste] AEom @il Ay Eo] FHdth SAkE okl
A1e] RFID/USN7Z|¥F Abgsl A|AEe wgdo] HFEE oo mS9jHeE FAe 9ow,
USN # &8 7ts0 ai% dZo|y A7 ZygEo 2  AA5 3 ¢JvHKevin et al, 2006
Guo et al, 2006). FAt&Ele] JojA 71 AE3 wEsHo] Wol AQHE FEE A REY &
o] & F4, ExAgloly, AME FHAAANAE ZAf, A S B2 o] FU o

AES s7tolA diF& A7 e AAoItHE 5. 2002). FH ol AoA]l 2

oy gk &g
Al ZZAo)3 e 7 A ¢4 A A (Radenkovin and Wietrzyk, 2003)9} w4 = 2w ex] A A~ (Mol
5, 1999; Nagl &, 2003)¢] H el v} oy Fa AVFEA A EuUEH e 23k &loz o] F
oJ A i Q= AAolvt Erbel AR ExF FRIE A w o]k oA HFE A

Zlvkel = il gle 19, A ew Evbe friesto] Yshs Azhel] Ewvtael= s
A AAov (o] &, 2003). LI EwtHe ] A= ~53 AAFH

R IOE UL EE

) MR A% wE BE9 ks Mz AAH AR e g s 7))
BHY} ol AYIAGE Euwel g3t Duh old] Hste] 4% BRI E 4T
A7) e ARG F88, 198 A7 BHARs PUEtd o 98
TR ol HEA ANAY 225 WA FA Tl BelAst BunE Fa
SRS s wEeldlth FHUHe 4FS AT B9 A9 JUE dHAEE FF)
b vz ok 4 glojok dhH, Bk o] ALE Folof ATk B AF BuI@Ase
AFE A2 2T BaU 9 B ohe, BHAAN BuEus 2w Fo B B
Aol NS QA FoEA FAFelAY Fake vzld Best g Hol BelRe o
7ol NANE mgg Fo Ak oleh 2e BHelA o] FRRE FulAHL A0
A eEANE B8 AT BY FPAANL nasAT

S BE AE Y AFORE QL) dat], SUHT A, ofold s, v, Aol
Hhol o AlA WA AGES AES wol Aol 20009 10009 U JE9] MES LW 2

Axyol, SHYF A, ofoldle drstel Whae] drjAlM =z, oAy

A2 AfFa FA8RL e dA o

i e 9— AR
S Aol QAIA A2 l=rol HlEkH ofA AW V|l FHHTh= Al wel HAHA
potal & g vk @A npel Al N v, fY, A 22 AdAXwe] 4% Vles
SR o FuAE ¥l Ves FE FYstE @Al Ak HAddE eFelA] e
AME 2z 7FA a0 oA dvfstAY 2 7les ol &8 AlES WHEo] ARSI, H
el gAY Aol AAldor JiEet AME AESHHA 1 A7 o s A
Atk =i ko] AlMe] Ay INde FEd AAsar glow e wE M AR AX I
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AA, JAAE Zd2 3t 1 dAYSE Eudt AS AlAgE &3 A4, F AAAE
o= 0}04 AZshs AME =Eebr] wiol AAIZ | | 7hs gk nlo] 2 AlA 7 AF
=71 984 4 A A3 (biocompatibility) o] % . A Hel A A S8
o A, AdE 2AAA)E F9 e e sk Xé%“é% e uky] wjitel A, A
A kg o & g 4 rhar BarE ol (Wilson and Gifford, 2005). 34 nlo] o
A ezl AeolA A AEE AA F f A7) A 4 7374*2‘ /\U\]Z}QE Kl

2

1

b
oéi
[e3

Jm =
Lo
s
;1
ol

>
s
[‘UE
o
o
M

]7“’3 ‘/]H JatAY dsr] 918k wpo ]O’“ 1 T2 99 é o] 2 AlA 7} nio] Q.
Aol 80% ol AFAIskaL Sl= Aotk o] epido] AL %% T AL AR E Y]
A 2= oA AAzre s BUHE A AEwr] 93 blo] Al E F2 A 73
o2 o]FoA di= AAo|t}t.(Collar, Pedometer, Hi-Tag ). A 523 AAE= AA| AF-
of WAzt wetu]y] 49 ofF-o Qe wEt fA SFAEH F oy A FY EE

= TS A A ARE ASTal 235 11101
=

o) =
o golstA AT & 7] wTolth Al AdE AAM= A ARE 2] A FEIok
= As

>~

=

sensor networking)?] #3# 3} g ar
2HE T AY 2§24 Au|ael FAY AR axEd 59 UbltODla 0143}4
W, AR, ARS] ok Ao A FokellA] FWA ol&y o]
o HE&Eol ofs nto] AT} e o] Thsste] AR 7|
E‘r, ARG ARG ARG Ade V) =2 AMEE ASE Holal, o]y gk vkt
Ch

rﬁ Y HHN'

stef, m A&, A5ty w4 WA T 2 ° |

giito] o RE o] V|@Ee] A3 -d FHAEE YA JNEAAFEH AA A
AEH AlA A7 2wl A|RH7ER] &2 02 Fx0ske Ro] npgAsivtal & ¢ glvh. dA)
A B2 A= o)t Fokoll A HEdk Aq7F A Jar A& @A ok A F
AE Aol AFF A= QA s TSl AE&ste] d7E AbEle A9 gloy dskxs A Y
g ¥y ZA =3 nlo]l e Fo] ety o] gl AAH(FASZ 5, 2002; Milena®t Bartosz,

2006; Gardner ‘&, 1998; Schoenig &, 2006; palmisano &, 2000; David &, 2005; Farshchi &,
2007; Nicoline %, 1997), 7}=o dojA= AA F&3 (Collars) AA 7] 723 Hi-Tag A~

(www.lely.com)o]  &elA A= vl o] A2 tirbs(a)e] whEslg AN Bl JfAIQ1A] A u
s %F/}O] o7 AlFdta g AAHoIH(Nagl 5, 2003; Mol %, 1999; Zygmunt %, 2006), ¥+
A57F AAasta AL 7gE AUt X5 o] AEA A (Ketosis) = AH5 S (Acidosis) o] A -
S dAd ¢ Aqrta iy v Jri(Sikka &, 2006). THE FE A= e g
528 g 185 o] 83 Ad Hoc Senser Network® I#f s AWE HA7Fo &2 F38 Abe7t
Qo v (Zygmunt %, 2006), Gypsum Block Sensor(F4 EdFZ=ZAHAA), Collars(7h A 9] A
FAAA) T ‘j“’“*ﬂgr o7z 99 e AA AAE A= dstel nls=s 4
Yokl A=V =EH A 7]ES Yoles ol
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A3 dygd sd g 2 2

A1 A% AAR B FPS AY vl AN BA

1. 7]—__.'.,] Agx]] ;d];]_ }*;d

T2 AE 24 088 AZ A, AAAE U o] 1 WA
D AAE dgor sl ASste A4S ey
gol Jhed weledAst AAHA AHA §
Zafolok dth. 4A WA AF =4 x
od

N
-
ofo

o
2
2
o

(biocompatibility )2

= @ Ae, Y =

F9 4e westo] ASAAE e Hw AAEd, A4 wkg To SAo] HAd
T} (Wilson and Gifford, 2005). 3 A] vlo] S AAE 9328k Ao A A AZE AA S
d EA77dA E4% AaE AAe R AEHe Aader 89 e AA Y o
SwmE TS AHoAY AA ARE st AAFoR AFshe Alagor HskE A
ox 7|t Av. BA ABE FOHE L A AArom mUH ALY AEET] AT
o]l Q AlM = F 2 d-EA o] QAL no]l @ AlA A 80% ol AFAIEAL Sl AHA

o},

oo} FALSH T& Hw QlAe] AAARE FRIHB L A HAZToE EuUHE A
A7) Y3k npoleAlME F2 A FRAFoz o|Fo)x o (Collar, Pedometer,
Hi-Tag &), A 52 o] WAsto] &ety 7] H-90 &F-o Ao w

B

e
& 4 £asel 4 F go 4 F43 AAE TS JEdA 44 AR 5w

Zﬂo}ﬂur Aoje ¢ g e AFstA doh AA F9E AAE A ARE A7) 93
okl om 9 AAHEA A A FEE AT 7] wie] AAPoZE V&
éﬂ. ;l FEY A md e Az @ F k. dAA dAdEE FUE nlol el e Ay A

=
Hg, Al AAE, oS AU Tl EE Ao AdHv

2
%%I} M] ﬂlﬂ_L e pHYY FrEsk Aow Bag nf
A7)0 gk FEI} 7hsdhe AAE vE ok e] 5, 2008).
] %‘Xé %ifi Al &= A HTE Ao FEstA =W LA o
i gEA vk Bz EetelE Aol AFAl AlHT
R==%

eme Hﬂi}i HUP%E(OL%D E.
A

o il o

Haeko) Mg Aol s we AEHEEOIAL deTs Auw FRs 0]
A7NE FRAZR AAFelA ek dksln wAvlE 4719 BAe] wobA AF s gl
@olx7] wWFolt}. ojeh e = o] B ASlm AAI(AB)e) HAol oA AR
sgo] wobAs sof Aol AN Mg Hm, FA ALel} GAe) e Feur &
b BolAA B o] Qo] Aoale] LxE AAsel LEAd o4 WD Aw @
4, 737 L QAT AE S 5 e glely] W] 447 Fele] LR Ay WA
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19 2. pH A4 (Model : pH-BTA, USA)

2y
of
S

% 38 pH AAS 9% $4 Sensing Node/Sink Node(2r, Sl@)ojth. 18 3¢ H
AA HE pH AAe A48t A U pH HEE E‘%HE]O}EX} 7=

213 ¥ A Sensing Node/Sink Node(%, 1)

o

19 3. pH A4

o

>
wore

pH AAE AR e &87|2 3 AL 4ol AojA #}4iFS(Ruminal Acidosis
S §47]16~1271€43) v $FAEE A2t A 5 A F o] "Hojx|a

1~> OFF ~
fob ob g

HAFo] Holut W9l pHrt 45557 Wol A3, WAl pHiE 689 Wb 2R Ashgol
5096l ol =e] 71 ol dA el w6, olmek we Aol 13 4 gol HAF, wF
%, w4% AQ9E 5o 7F F £57] 2 wF A9l gol WS "k Aol Hekstol
WA QY F s w2 gl @Askel A4 A4 pH #4% WsE Helen

o 5207 wiol At

g
J
i

29 4. 4o JojA 9 Wl pH Wstel o AW FIAAA
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2. A AN ntol A AT

7F. ABA ARE nlo] L AlA o w7

7hEe dojAlE A AL vlolealy WyoRE FAY(Collars)e.Z Hi-Tag Al&H
(www.lely.com)o]  &&A AATH(LEH 5). o] AL d7ls(4)e w3l 2 A4 AWE
ERlo® AlFshe Aladlo® A ATt o= wHRSIFTE A A8 ZHE AEUL
X&) o] ABEAA(Ketosis) = 4H55(Acidosis)®] A& e 4 Qlvfar Hasle)th(Sikka &,
IPSN. p492-499, 2006). th= =2 A-%oll= arfe] mee] F-33 BaE °]&3 Ad Hoc
Senser Network® aLzje] & +
Gypsum Block Sensor(F41 £
U722 *FH L de Ak QA ALY A e 5t ntREE ”013}5’— 3457]

ZHE A VES ¢loles FEeldd

Olﬂ
o,
FI

g 5. AA AP (B A0Y) 5 #E FA(Collars, %™ : Hi-Tag)

kel

Al A48 A= 29 6olA B el Zo] TAY, Yy, 9xyg Fo= vpFst 7]+
z 0]

So] Abgslo X3 glehel 43 i, 2002)

g 6. AA FAFA(HBA0Y) 5 ] FA(Collars, %™ : Hi-Tag)
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G AA A g ol 2 alA el A

(1) BA 493 nhol o MA ] A

HEe A ARE 2R 9 AA A AAE FERAA
MY AEE Qs QAT BA/E e A9 AA7
H98 AAE Agstag o,

B AYYETTE) 12T A ASied B Uil A A Al W49 s 7

™ 7. 9% BA AAJEETS) niel A RY(@EAIY A=)

oflt

b

a9 72 v A AYAETS) nleleAlMel it RYgor Hring) B, HIE F, TA
AlLol sl 7%

2AFHOINA(ES] 554, A AEE ARRE §- AA] X AL A7) Wel Abidk At
A o] F-fel= "Erle] tha P oIItHE 8). FEH g8 Agdt de] 7Rt diEeEs] A
Mgt 2ol o] gAdo] FEdt Aol TAR ElSlol #eldh Zom detw| vl Esae] P4l

@) AACG W) AAF vhol 2 MM 9 A BH(A A
h A9 E nhele LEAA(FES 2 TAE)

BA A wheleAlA = e 8 2l 9, 21 10 # 2' 115 22 AAS A1H AlEE L

b
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A AA Az A g A AR A AR A E

B. A A% @A g A AR el AAE AR A g
g 1L A AE S AA) ANz A% AR s
(3) AA 41 ¥ nlol e pH AA 9 A =E A2
AA Y vlele pH AME ¥ Ee] 224 Aty vk R a9 12, 79 13

2oad 149 22 Ao m AzHA AZE pH AA S FEE 626g olon, L7])E 2
x 2 x 28cmSith.

1) 12. AA 4918 pH A4 (Model : pH-BTA, USA)
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=
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‘1

A2A AN FH AES 9@ ASIC A 2 4§

L vpo]l 2 A4 Wi 2 A Ao~ 3= A7

7}. USN 7|4t Sensing Node/Sink Node 4 A

(1) 24GHz ISM Nordic RFE AF&3F USN 7]
USN 7|5+ Sensing Node/Sink Nodeol] | # &t

Sensing Node/Sink Node A7)
o] &3 M mUEE AAHLS

Z 24GHz RF Chipg o] &
s€le 9173 o]

Rk o]
stk Z, 159 AAAEE LA
A7) fslA dlelE el A Aelsw $& uyskel Husialv.

1S
Ao
3

AN

CIOIE =&l E X

A GIOIE ZAFX| 37
(22 dA)




AA W A S =
A Aol AREo FAI Ves FAY F URF sH7] & 2 18% o] HloH F
Z . ]2 98 Nordic RF or RF24E ChipE °o]-& 3}ith
zZ3} o] A7} thA A3 ALEHE AHE wdE] v}
=

24V(12Ve Adazd)z FAYo 7 AH&
=2 A3ele] A A€oz HA7|ZF B8 JHeA Y

a9 19 AAdY AR Aaddow AZd AES62438P(3.7V 500mAh) Battery

Lt}. USN 7]¥t Sensing Node/Sink Node A 2}

(1) Al=5 Al
18] 1994 F+d ¥ UZ]HF Sensing Node/Sink Nodew Z7]7F 3 x 11 x 7 mm (82Hd] 2]

Wd)/ Weight 2.0gellew, ol HEEH%E(Max 1Mbps Data Rate)® nRF24E1 24GHz
Radio/ 128 Channels)® ©]F¢] %t} Battery LifetimeS-(Rx: Continuous Listening — more
than 4 hours/Tx: 20% Duty Continuous Transmission — more than 12 hours) Full 7}
Al 12413F o4 ArEE AuldE e 20% ARE AREShE A dY ARY ol

(2) mFo]l @ Al A (Temperature, ptD) W 2 Al QoA 32 AA

do] A" APE AT A L' 209 2ol Ao Ve FES WHE F
FEE AASYen old yEksle A A AR Alxdom H8d nKF23E0/1-MCU% RF
Chip©] | A3(EA) =3

iV
o
i)
ﬂr‘
ofN
td
oflt
o

19 20. nRF23E0/1 - MCU + RF Chip (SOC) d3H(AA) ¥

S
E
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2. AW 4938 nvlo] 2 Al A (Temperature, pH) 42 RF Chip A%
=5 9 pHAIAZE 929 Adel 49T RF Chips AlZtst7] 913 Ring Y9l A3
=5 AA F pHAAME 29 213 Zo] AFstArt. ojw A&¥ RF Chip= Ad= +3

$38t Shock Burst 7|=/dHloly A4S ¢33 DuoCevier 7|&& A&319 21 Flex PCB
Expansions Port © Analog/Digital I/0O, SPI, UART, I12C, and Interrupts® T4 %o &t}

( nRF23E0/1 - MCU + RF Chip (SOC) 2% )
2 21 FA BAL AW nole £% W pH A

7F. ABA A9 d vlo] . AlA (Temperature, pH) A 2+

eke] Az EUH G A A &

HE AHEE AA A = H 5 =
Egoz A Wid uhel A HAE A5 71719 e AYE 9 A EAR A
v 53k stom A ejF-olM X&HHQ ABE FEL F JEF HY He] A==
lvh(Ld 22). b= (2, 2 9ol 4837 A A9d =M= TAY(CIDK)%

1 O
A (PRID)| &=AAE FAAZHIE 23).

Y 22, AA ANE 2=

NE
°

e
23
X
>
£
e
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a9 23 20 AgE 5 v AA 49D 2% MM ARE

. AA 4H91d uvlo] @ Al A (Temperature, pH)2 ¢tAA AE

sl ALEE A E Hlo)oAlAE dFEE W AE I AAFEo] Tt rHAI &84
AF). 3 o)A Abg Aldl= Ul R 7] 7(RF Chip)d] £ S A kvt A4 2 AA A
29AE WAy Qs HHdRE g&ete] A el AY F vds AAg = A de A
EE 3tdon, A4 AA 34 W] gk A o rE A4 A F AAs ARG
o YEFtO Lt 1~2A3F Foll= AF-ghel digh fso] A vpebuhA] okl A2 7] ule] &
= 9 pH W] digk FAHRS AA FHE 259 zo|7b oy MAEE YA =7t
02~08C AR 24 WS Yepdh /MAd &% zolo] tid Ry dHx Ao 2
A R ofjof & Ao R ALRHATE AA U F§ $F npo] LAlA 9] fAWEE 4G F 12

A

AL ool ©EtuA] e el Ao A WsrE dAY A skt

A 3 A ulo] QAo AL

L

o HAAIZE RYEHY Al

jui1}
-
retl

L AN 28y Alxd s A8 7l 74

T A ME A Ve CDMA, ZigBee & o8 71% 7)<l JAT A 71203 7
&, 8 & T 2HIde W o FHHol dE NESPOT Mangers 2834

Ao g 7H el dolgltt. NESPOT Managers 18 2404 M= npe} Zo] F2
TR A o] 7HA] A @RS o] &ete] & WEYA, FEMAE AlEde AU AR o

W 54 olE WA A ool FE EAAULGMS) & Ba ARl el
N ol BE FEue] 9, ARe 539 dHe Fhse AR 2 ¥ 5 ARs 49
ol glolAl, M T Bobl = Agsh ol A8 Fet Gtk 1Y 25% A FAb e
£E 9 pH AN AE A0 24 33e gHoRE 2Py = PAs
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a2 24 A A% 71 4 ZUEHY A2d Aux g s

2 25, Yl &3 7k AXZE A 2UHHY AlA"

v AAZE ey EYgY 3

%

HRo] QAIM S SARel A wElsal Sli= # X e Aol AiAl7lan deElake] Ayl A
Atz Aot st os dEsel #9d 5 s FEFA (™ 26, ¥ 27).

ﬂJ

42
2N 2 & pH 50t 4 , ®@@O® o AC &&
[ ]
LHASSARX . == M o :
e ' L lecTm |— e L
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() (1) (%) (a) () &) r)

SOWI | 367 3.8 37.4 375 376 36.9 365

SOW2 | 370 37.2 377 37.9 38.0 7.3 6.8

SOW3 | 374 37.4 377 378 37.9 7.3 37.0

SOwd | 371 37.0 377 37.9 37.9 37.4 7.3

SOW5 | 365 6.6 37.3 375 377 7.3 371
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B +S
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3.2 smartRF04 Flash ProgrammerE 0|29t app.hex M = IH
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Hmote24300l &/4 252 HMA35H7| fIsiME= 042l ofS2[#H 0lH
BIEA| F=55t01 MdX|sl{of Btot. o o ZE|AH 0] =2 0[835t0{ nesC
A zZ2TOHE Hupldstl Hmoteoll MASt=dl AME=7] w20 MupFol FofZ A
sif Mof ekt

il ru|o
>
*
m

r

[1E8 Hmote24302 0|28 RHIAEHA HA HERIT SEoME
—XA} SIO|HAT| S0 T FEAL ¢ SHO[HA(F)]
Hmote24300M $3E = ZE=EE= hexTEX|DH 2t T 222 Javall FAHSICE
A4 Hmote24300| Al ALSSHX| 2=Ct. WA, Javaz

2L} o] A|AEI2 Java REE
EE ¢ ZER HASID CIA ¢

=

Ic= o= urAlo|C)
ot 2} TinyOSollA =Zt5t=
iny OS |§E1|0|E17P MX|=|0{of ST}

KT
In [
un
oy
_l':_l

ne

o
§
ﬁ
0+>|

By

D

P

k

|

I

n

r

0

h2fM 2702 HAT|[(H Ll Hubele
hexZ =71 @ F=ICt. w2t Windows A0 A

k]
1]
— O
ok
r-lm

l. Tiny 0S-2.x emulator &X]|

o
il

Tiny OS-2.x emulatorgE MXx|5t7| ?IsiAM= ofehet &2 HXIE XM=z Fdsfof
Mx| ol Z2|HOM 2 CD\Sensor&Basenode C|E E2|2| 59| Zof U

W Java 1.5 JDK A x|

B cygwin AX|

B cygwin—-X AXx|

W pm AX|

B Hmote2420/Hmote2430 T X|

1.1 Java 1.5 IDK &X]|

B CD\Sensor&Basenode\jdkol|A]  jdk—1_5_0_09—-windows—i586—p.exe2 L EZ2!5l0{ MX|
Stch MY M2 HAESHK| 2=t

MR 7t R EACHH, AE > MojE —> T2 FIHHof otz FF0| EMstH A

J2SE Development Kit 5.0 Update 9
J2SE Runtime Environment 5.0 Update 9

1.2 cygwin &Xl|
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CD\Sensor\Basenode\cygwin(tinyOS2)2 0|=35}0{ setupE Al M| Zof M o

2 XMoo=z ofef 57 O3 ok Og 49
7|=l 'default'2 'install' 2
Of2A HAME 22|10 &

=

rst i

Ct.
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'select packages' CHEMAXINIM 7 EZ0

HZst= AS Folslof St A WHH2 ‘default’2l 20l f|X|

2 koo



1.3 cygwin-X &XI
tinyOSE {H|0|0|E3t X-window?| 2l0|22{2|E MX|St= AUO0ICE cygwin-XE AA/
SLAXIE &2, HfZ O/X EHAHQl 1.2 EHolA X5t cygwino] A F2IX/E BL=EA 22l5H
Of Bic}. Btet A8 F0/21H cygwing Z=E38F ¥ cygwin-XE & X/af oF Bt
= 422 M3&E CDE MA[Shs
3t of

1.3.1 AX|
(www.cygwin.com/setup.exe)2 2 CI2EE= dtol AMx|5}
F AX|3E XIS 7|&stch CD2| CD\Sensor&Basenode\cygwin—XollA setupE A

cio| thebatAbyt LIEtCCE ofmf =XtMo=z T2t 20| M x|ttt

AlZtol 7).

=] X=3
LS —

?le| 470= ot stct cHskAKl 'Select Local Package Directory' ol M ‘Browse...' H
5101 cygwin—X7F ZX5tk= x|, ¥ CD\Sensor&Basenode\cygwin-X5 ME4SHCE 0O

= M etoh(Ax|of

2ol A
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Mx71 t=Z=M HIESHOIAM  cygwing AAIZI Fof,
|

HAA7A chzn 22 XT|Eke| Eo

startxwin.sh& 4!
ofeiet &= mw =SHi=HA Mx|= ZHo|ct.

E =

A= Windows XPe| 21191 A A0| AdiminstratorO|2Z cygwins ASHA|

29 /home/Administrator2 LIEt-tCH Ol= A XX whel 2e

A2 0] startxwin.she TS Il HAFE MHAH™Ho| w2l WstHo =z 2lsf 2XM7F US =+
Sl %

Ch. ol et Z siMstl ChAl st O Aot 2of 242 Y7t LEHCE

-

A ohee A

71 Ax[A SCHEEZE 2

30 b
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1.4 rpm

cgywine| @&
cgywine| @&
Je{L} ofell 37He| WHEHOZ 2oz 1 41586 14687 Als2=2 Ax|g 5= UCH

axl

Windows 2&tol|A CD\Sensor&Basenode\rpmE c:\cygwinrpm2 &2 S At}

o
cygwing Al stot

= Z71)olM d2E ‘cd /romE TSI H2E HF oot

EollM 1.4 1858H 1.4.6-7X] st Mgk 5 UCH

$dos2unix ./Makefile
$./Makefile
$source ~/.bashrc

1.4.1 Atmel AVR Tools Ad x|

'cd /rpm/avr'E TSt ofzfof 5 HHZS At 2 £~ St

$rom —Uvh
$rom —Uvh
$rom —Uvh
$rom —Uvh
$rom —Uvh

——ignoreos avr—binutils—2.15tinyos—3.cygwin.i386.rpom
——ignoreos avr—gcc—3.4.3—-1.cygwin.i386.rpm
——ignoreos avr—libc—1.2.3—1.cygwin.i386.rom
——ignoreos avarice—2.4-1.cygwin.i386.rpm
——ignoreos avr—insight—-6.3.1.cygwin.i386.rpm

1.4.2 TI MSP430 Tools A& X%

'cd /rpm/msp430' =&stl ofeie| 57| WHEHS Xt = 3 st

$rom —Uvh
$rom —Uvh
$rom —Uvh
$rom —Uvh
$rom —Uvh

——nodeps ——ignoreos msp430tools—base—0.1-20050607.cygwin.i386.rpm
——nodeps —ignoreos msp430tools—python—tools—1.0—1.cygwin.noarch.rpm
——nodeps —ignoreos msp430tools—binutils—2.16-20050607.cygwin.i386.rpm
——nodeps —ignoreos msp430tools—gcc—3.2.3-20050607.cygwin.i386.rpm
——nodeps —ignoreos msp430tools—libc—20050308cvs—20050608.cygwin.i386.rpm
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1.4.3 TinyOS toolchain A X|

‘cd /rpm/toolchain'e &3t olefel 274e| HHES 3l st}

$rom —Uvh ——ignoreos nesc—1.2.7b—1.cygwin.i386.rpm

$rom —Uvh ——ignoreos tinyos—tools—1.2.3—1.cygwin.i386.rpm

1.4.4 TinyOS sourcetree A X|

02
:

Ol
-—
[l
.

'cd /rpm/sourcetree's $aStD ofeffe| WHHE £

$rom —Uvh tinyos—2.0.1-5.cygwin.noarch.rpm

1.45 ¢ moted ¥A

dzx d2E A= AdAMSHH sl flsl ARG

/home/Administrator)oll U= .bashrcsS F=HA st}

W ECi2Eajol miUo| EXsHER| Eeldhct
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B .bashc T2 vi HEV|E o|l&350

$ vi ~/.bashrc

4

H

of =

all

export TOSROOT=/opt/tinyos—2.x
export TOSDIR=$TOSROOT/tos

export CLASSPATH='cygpath —w $TOSROOT/support/sdk/java/tinyos.jar

export CLASSPATH="$CLASSPATH;."

export MAKERULES=$TOSROOT/support/make/Makerules

export PATH=/opt/msp430/bin:$PATH

B AN&st & L2 ChS .bashrcs 85t H

$ source ~/.bashrc
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1.4.6 rpm AXx| &tol
W ofeiet &2 "WHofo ofsf MAMAQl MX| oFE =olst
$ rpm -ga
THAD= ofefiet 2oLt EA =M= CE = Uct
slo|
_ L=
b 24

1.4.7 Y2l make M|

—
o |_—_|__

=
/opt/tinyos—2.x/apps/Blink

34
m2tA olE

pMm=
o Mx|7
/opt/tinyos—2.x/apps/Blink/build/micaz ol cito| =X|stH M x| 7}

'make

micaz'&
olct.

MoX™
o o T

$ cd /opt/tinyos—2.x/apps/Blink

$ make micaz
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15 DK &343d

B vt o WHFE>HHE->Ig->sdM ol javaZt dxlEl EHE PATHol Fotet

Ch(F7te PATH C:\Program Files\Java\jdk1.5.0_09\bin)

B ALEAHTE FIIRICH of2f o] HHOE AT

$ tos—install—jni
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W =3 A, 2o Aol oldf LIEIL= Cl2ME2| = getenv.dllZ} toscomm.dllo] SALE Cf
dELZE PATH 5t B =0 CHA| Fobstch (Fo1e PATH: C:\Program

Files\Java\jdk1.5.0_09\jre\bin)

FolEeIAbE: A FEA VS Shel HAE M Yof FERE AR 2R FIA Y
£ S0 20iA AFS| Ok BiTt.
B AY S0|H cygwing SE5tD MAWEICH J2|1 AHLE o BHol= YESCH

$ cd /opt/tinyos—2.x/support/sdk/java

$ make

1.6 Hmote2420/Hmote2430 IHXI

£ SAlsich ol
ActH tinyos—2.x

1.5.1 Hmote m{ x|
CD\Sensor&Basenode\Hmote_patch iE‘IE Aol 379 sk EH 2F
tiny OS7} c:\cygwinol| A x| g
S tinyos—2.x o9 EOO| 25

tinyos—-2.x7} Z00| 20i¥=ct o E
EMe H4=2+& c:\cygwin\opt\tlnyos—Z.x 0|22 SAIsH Lff

ol

gojg=ch
1.5.2 wx| el

HIESSIRIO| Q= THEOIOIR cygwin® A0l MESH fxlof ZAZE B O|FOIHEX|

o ZHE Holpich 2ARES YES N NBHOE O|ROIX T Ao ~Y Hexatol

_

ox



d4Hoz YHEH xIF U2 R o[F0oZl ol

B nesC Tz dlg

ol

zitel

FC}

:

nesC Ofl&l AT ET}F A= BlinkZ ot et 20| 0|F35t0] ZEE

AT

$ cd /opt/tinyos-2.x/apps/CC2430/Blink

$ make hmote2430

oot d38e2 $HEJ2M Blinkel stIZHE build/hmote2430 O] MM =10 T otof
Y=g ol ¢ I T Zol MaEc

W Z 5o app.hextted MM (H o7t X =0] lofjof &l 7ts)

MAKEHEX.sh A3 2lEfoll 2|sif o|Fo{Zict. a2{t o] 237 HE= KEIL Zutz

ziuele
AER AWYsy| H2ol off S selsty| LIS KEL &

£ 0[&8310 ¢ ZEE hex

o

utd 7t M=o A0{0F BtCf.

$ cd /opt/tinyos-2.x/apps/CC2430/Blink/build/hmote2430
$ ./MAKEHEX.sh
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JMAKEHEX.sh2 Z$dstH £
app.hex It 0| hmote24300i|

mujn
tol

gt
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Il. KEIL &M Flash Programmer &lX|
2.1 KEIL 2Ma] Mx]

CD\Sensor&Basenode\KEIL compiler\c51v802a.exeg Algsto] C
HE Mx[etct MX| M2 7|240ICHOIE, EAYE, e-mailFacs ?:!949_[ 2X= Qladsic)).
Mx|7F BrH HIERSEHO| Keil uVision3(Keil compiler EFE o}o|2)E AIMA|ZA License
CodeE SSSiCt. License CodeE S5535/7 Mol, 81 AX S92l ZFES HERITES ELE
Al H| g SHALEZ oFEHAIZICE,

2.2 License Code 2 =il KEIL 22 S=

HESIIE d|etMstst AEjol| A HIESIE S| Keil uVision3 THE0I0|222 KEILATIIYS Al
$t & CHA| CD\Sensor&Basenode\KEIL compiler\License Creator.exes Al&istct o 2fo|HMl
A MMYIol gM8S ofefet ol dHs5H = Generate HES F2M™ License Code(LICO)2t
Serial Number(SN)7t MM ECt oluf LICOS| HEE = Afstct,

Keil Zutd{E Al AlZI £ M7 ‘File —> License ManagementE& +29H cCi21f 2
CHEpALKEZE LIEFCCE 2 AR HHSE 'New License ID Code(LICO)'of 204 211 Add LIC H
Eg2 F2M IE 550| 2= =t

— =

1
|

2.3 smartRF04 Flash Programmer AX|

Hex IILZE Hmote 24300 &/54 252 HX OfEZ[AHO[MHM2Z smartRF04 Flash
Programmerg M x| shct 0| & <! o CD\Sensor&Basenode\smartRF04 Flash
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Programmer\Setup_SmartRF04Progr_1.3.0.exeS A3 sict Mx| & Mx| M2 HEE X
=cCch, Mz 28 = A e A|R—> T 2> Chipcon’'o|A] o}o|2E 0|35}

2

]
0f0
I
Hu

J¥S MAst7| fshA= basenodeE ZFEO ZstH E2I0|HE MY
mf 20fl smartRF04 Flash ProgrammerZt A x| =l 512 ZH|
2

CD\Sensor&Basenode\smartRF04 Flash Programmer\Drivers

B o Z2[7HolM Mx| Z=2: C:\Program Files\Chipcon\SmartRF04 Programmer
SAF 4Z : C:\Program Files\Chipcon\SmartRF04 Programmer\Drivers
B &2 42 : CD\Sensor&Basenode\smartRF04 Flash Programmer\Drivers
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nesC ZE 1 Ml XI|

3.1 MIA] 2E0| =210/ AXl
Hmote24300| F=t=l MAMEEE {Ez|AHo[Mo| MX|=l HAFEO AHAs{ =522 E2}
O|HE MHsfof $teh. O] A= Windows?Zt AtS S 2 HEIAXIE E5| O|F0o{RIch MFE A
oizdsict o] mf, Hmote24302 E{o|de]

x| EXt= ol b Zct.
MM E =(HMBP2430)2}
Hmote2430 EE= Z2I0|HE basenoded| AF2E= Hmote2430 & O st Zdo|2tT A 8
FC}

rok

O:

I_:[7:!

=

mujn

B Hmote24302}
=

Hmote24302| M&& OFF

m}
[

Ct.
MMEESL ol Z2[AH0[d 50| HAlE HF

Zh |
1 — —
HstoXF shct

B Hmote24300| &

B 0|20 AF2ZE Hmote24300] =21 S XX

=

[ | Eglolyf MR 2F CHsbAMXEZE LpERHE S =E2tole] 9| X[ (C:\Program

Files\Chipcon\SmartRF04 Programmer\Drivers)S AEHSI0{ E2l0|HHE 522 MX[Scl =2ioH
o™ ofeiet ol Eele 4= UcH

X7} B2 MR =[ASH

_84_



3.2 KEIL ZIM2HE 0|28 nesC =13 AMAH

Zodsfjiof & nesC Z2O 2x[= ‘CD\Sensor&Basenode\upload programs’ off €01 UCt 2
ERel T2OYo=R LesittH Ziaf5t7) Mo Mode ID, Channel ID, HEAIZF &2 & dok
gich sender EC0| &0 U= ZEIOH2 Holdol| ARZE= Hmote24300 AAE Z=o[1
sender_receiver ZHo| S0 U= Z2OM2 Z2I0|AHE basenodeol| FEH=|= Hmote243001 A%
2 IZZJMolct. ™M™l F E0o =0 s ZRIs HiRkly = As /X
(C:\cygwin\opt\tinyos—2.x\appse| 3ot E&H)Z2 5s5t06{ £0{ E=Ch oll tinyOSH%x| HAE=
C:\cygwinO| C}.

3.2.1 sender ZEHQ| ZTZ O3 =EAl & =X

2 Terminal?l Hmote2430(M M7 2 &=l Hmote2430)0l| AL EICH
2 x|: CD\Sensor&Basenode\upload programs\sender

2 x[: C:\cygwin\opt\tinyos—2.x\apps\sender

T8 SAIE SAL Yx|0M TestSensorP.nc TtolM 3822 +=H

N
R k> 1A
Z >

In

2]
Op>
Y
N
rE
oy

Mote ID ¥4 Channel ID HZ

3.2.2 sender_receiver ZHHe| ZZ2 O AL & £=H

ol Zz2azx e Z2l0|H E 2| basenoded| £ EHE Hmote24300] AL E=ICH

B 2 2| X|:CD\Sensor&Basenode\upload programs\sender_receiver
B SAF 2 X:C:\cygwin\opt\tinyos—2.x\apps\sender_receiver
B ZE =3 SA T SALE fIX|o|A TestSensorP.nc @ 1 &£& +H
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Channel ID %

&= ofzfel Hxfol w2t ZHatd

step 1: HIES

tH el cygwin EHEolO|E2S2 £

St}
step 2: WHIRENWM HZE SAI E0ZE 0|=stct.
step 3: Z+zZt

o Zr{ollA ‘make hmote2430'2t= WHHE A

':”':7F etz =™ st¢ EEZ buildlhmote2430 M
step 4: SH# ' =
step 5: \I\/IAKEHEX sh'E Assto] Zimelsict 4n+°'0| B
app.hex It0| HM=[=0 Of

£ &elgtict

_86_



PPN

t

=
IC

] http://cafe.naver.com/bluegio.cafe
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3.3 smartRF04 Flash ProgrammerE 0|29} app.hex I =X7H

@F Hmote24300| Zgtel MME=T) SR 2SSl PColl AZA = O UX| LACHH =2 i
A

HA, MMEES MM AQRE 2H(HMZE)E AT et

B 'AR—>Z2 72->Chipon smartRF04 Flash Programmer' 2 XX o{Zz|AH0|MS AldsIC}
B 238 = HMBP24300| PC2} HAZ=IJctH, Aot tabd EB application2| Device listof|
AlZF =1 HMBP24302F Hmote24300] AZ=0f Ucts. AEE tabd  System—on—Chip
Device listoll FEA|=ICE (Device listol EA|Z7F =X| 2=rCtH, Hmote2430 power on
HMBP24302| reset2 2|A stct.)

Device liste] Zof Flash o|Al= Hmote24300] ¥Z =% O|o|X|E MEisICE o ZZ2Z=

A FEE Zupdsty AAFEEES £Ast A0E M5 app.hex udol A= ZE=Z0|C

10

0

r

[l
r
b

ActionsOl M= Erase and program2 2 A 3stct 25 MM =[AgctH Perform actionsE 2

=
25t0 O|o|X|E YEEech d AL d30[H ZE2asABE EAIELD MF HA[X|T}
LIEFCRCL,

-

B HATF 2EH, MMEESl MM AQIXE 3

T
>
02
H
In
|0
Hu
R
riok
ro
n}
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$%2- % Z2ad 434
M =2 A

Sender source review
g A
- Makefile : 3+ a}7] 913k Makefile
- TestSensorC.nc : Configuration 4=, HEXUES] A gl £fojo]g
- TestSensorP.nc : Module WY =2, Configurationd|#] ¢folosl® AXHEV} A &st=
B H o] ~E o] &3to], ojEA FAALAAE A gt

<TestSensorC.nc>

configuration TestSensorC {
}
implementation {

components MainC, TestSensorP; // Main¥ ®%5 TestSensorP= AFg3}7] 98] Aelsio),

MainC.Softwarelnit —> TestSensorP.Init; // TestSensorP2] init&<=7F 28 %, Mainol 4]

MainC.Boot <- TestSensorP; // Softwarelnite] A3 uf o] APy = sir}
components LedsC; // LedsC+ Hmote24302] LEDE HAEESHA s+
TestSensorP.Leds —> LedsC; // component®] T}
components new TimerMilliC() as TimerC; // TimerMilliC+= Hmote2430°] W5 E}o]
TestSensorP.Timer —> TimerC; /] ME AME35A 3= component®] t}.
components SimpleMacC; // SimpleMacC+= RF¥## 3% component® FA 0=
TestSensorP.SimpleMacControl —> SimpleMacC.StdControl; /) RS a0 A S|
TestSensorP.SimpleMac -> SimpleMacC.SimpleMac; /] 5 HEJE o]t}
components PHC; //  PHCx PH AAe A&
TestSensorP.LightControl -> PHC.StdControl;// StdControl@} SimpleADC#+=
TestSensorP.Light —> PHC.SimpleADC; // %5 TestSensorPol Al #|&<& 3t}

components new SensirionSht11C() as Sensor; // SensirionSht11C¥ =/55% Al #d

TestSensorP. Temperature —> Sensor.Temperature; // ¥ component®]t}. Temperature<}

TestSensorP.Humidity —> Sensor.Humidity; // Humidity2hi= QB #o] ~5 5 TestSensorP
/] oA AEE g,
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<TestSensorP.nc>

module TestSensorP {

provides interface Init; // main® softwarelnite] 23J= uwj o] A xlol 3} uses
interface Boot; // B2 InitNE Hlo] =2 AT i, Boot AEH | ~E
uses interface Timer<TMilli>; /] AFE&38Fe], init ©F-oll Boot7} A& ¥ =5 T} Timer
uses interface Leds: /] ¢ Led7} ¢foloj® Hojglom= Algate SIE o]~
// 21 Timer$} LedsE AFESE 4= 2l E}

uses interface SimpleMac; // SimpleMac2 F+4% Alo]E= ¢)3F SimpleMacControl =}

uses interface StdControl as SimpleMacControl; // Hi] %—}r NS 93k simpleMacS AE.

uses interface StdControl as LightControl; //PHAIA 2] ADC vl S 93] StdControl

/] & o]&3stt}. StdControlS E3 PHAIA 2] ADCAY

/| 2% S enable T+ disable & O]E}
uses interface SimpleADC as Light; // PH3tS ¢lo] =
uses interface Read<uintl6_t> as Temperature; /, is=:

/
/ k=

=z
o
)
Ll

- Mg
delEE AL
delEE A, )

rN r
o o ‘l "

o

Q=
iy
=
H -

rﬂ
=
ot o
o 9

uses interface Read<uintl6_t> as Humidity; /

implementation { /) Ag AA

mac_addr_t shortAddress;
uint8_t transmitPacket[128];
packet_t * transmitPacketPtr;

uint8_t channel;
uintl6_t nodeid = 0x05; // == 1D
uint8_t counter = 0;

const ieee_mac_addr_t * ieeeAddress;

command error_t Init.init() { /) R 2y FAARAE 2713 S

shortAddress = TOS_NODE_ID;
transmitPacketPtr = (packet_t *) transmitPacket;

// Beacon packet
transmitPacketPtr->length = 9 + 4;
transmitPacketPtr->fcf = 0x0000;
transmitPacketPtr->dest = 0x0055;
transmitPacketPtr->src = 0x0005;

// 2 bytes
transmitPacketPtr->fcs.rssi = 0;

transmitPacketPtr->fcs.correlation = 0;

return SUCCESS; }
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event void Boot.booted() { // init.inite] A 3PE 5. Boot”7} A 3PH Tt}
call Leds.led10ff(); // LEDS =% #t}
call Leds.led0Off0);

channel = 22; /| RE T35 AA 3,
call SimpleMac.setChannel(channel);

call SimpleMacControl.start(Q); // RadioE #t}

call SimpleMac.rxEnable(); /) A Ao ThEetEs A s

call LightControl.start(); // PHAIA ZEE gHS ¢lojows Ay,

call Timer.startPeriodic(3000); /| EfelME 3z W92 At 3xni)

// Timer.fired) 7} 2§ E .
}
event void Timer.fired() // Etel™ 7} A wjulth PHELS dof &t
{
call Light.getData();

}
event error_t Light.dataReady(uint16_t data, uint8_t status) // PH#FS ddojom 28w =
{ /] 5 ol th

transmitPacketPtr->data_seq_no = nodeid; // #1719 dlo|Ee] HFo] »= [DE Frf
transmitPacketPtr -> datal[0] = data >> 8; // PH Ho|E]:= 148 == 3} ulo ]Eﬂ
transmitPacketPtr => data[l] = data; // Y= o= Zeba]l 7 79 Wl €=t}

call Temperature.read(); /] ZEFE Foj=t.
}
event void Temperature.readDone(error_t result, uintl6_t data) // =5=3kS Aol o Alg) )=
{ /] & ol
transmitPacketPtr => data[2] = data >> 8; // 417 Sk tlo]E7} 120 E]A] gk nlo]|E7}
transmitPacketPtr —> data[3] = data; [/ Ao B olE Zepa 7 U] el YeTh
call Humidity.read(); /] FEE doj
}
event void Humidity.readDone(error_t result, uintl6_t data) // &5 =72 dojowl Ay =
{ /] & ot}
transmitPacketPtr —> data[4] = data >> 8; /| F5% HolHE n7A =2 o
transmitPacketPtr —> datal[5] = data; /] ] el #ZepA Wt
call SimpleMac.sendPacket(transmitPacketPtr); /] BE S w3 go] g
} /] Foerw HFe AEE

event void SimpleMac.sendPacketDone(packet_t *packet, error_t result) // 7S dEshd 2
{ /] A== T o)t
call Leds.led1Toggle(); // M3+ LEDE 7t}
return;
}
event packet_t * SimpleMac.receivedPacket(packet_t #packet) /] SF & wrom Ay
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return packet;

Receiver source review
g A
- Makefile @ 34 3}7] 91§ Makefile
- TestSensorC.nc : Configuration Y2, AXTES] Aol 9 olojo]g] -
- TestSensorP.nc : Module 3} &, Configurationo|4] ¢tolojdHe AZXUET} A F3l=
B H o] ~E o] &3to], ojEA FAALAAE A gt

<TestSensorC.nc>

configuration TestSensorC {
}
implementation {
components MainC, TestSensorP; // Main¥} 55 TestSensorPE ARE3l7] 9&l] Alelsic}

MainC.Softwarelnit —> TestSensorP.Init; // TestSensorP2] initd<=7F 28, Mainol 4]

MainC.Boot <- TestSensorP; // Softwarelnite] 2 &d o], o] Ay == s},
components LedsC; // LedsCE Hmote24309] LEDE ZAEESH s+
TestSensorP.Leds —> LedsC; // component®] T}

components StdOutC; // StdOutC+=  CdofellAe]  print w3  Z&

TestSensorP.StdOut -> StdOutC;  // Al ¥z B2 UART Serial2 A= A58 5

// &= component©| T}

components SimpleMacC; // SimpleMacC+ RF## 3k component® 410 &
TestSensorP.SimpleMacControl —> SimpleMacC.StdControl; /) A& a0 whA &)
TestSensorP.SimpleMac —> SimpleMacC.SimpleMac; /| = HEVE ot}

<TestSensorP.nc>

module TestSensorP {

provides interface Init; // main® softwarelnit®] 23 wj o] APy o} s
uses interface Boot; // InitQlEjH o] ~ 2 A& 3}al, Boot QIE I o] ~E AR5}l
uses interface Leds; // Init tFg-°l Boot7} A& E == 3t} Led”} 2Folo]d ¥ of

/] RerZ Algst o] 29 LedsE AFES 4 Q)
uses interface SimpleMac; // SimpleMac2 F%4% Ao]& £+ SimpleMacControl¥} 3
interface StdControl as SimpleMacControl; // 7! 412 913k SimpleMacS AR&-3HC}
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uses interface StdOut; // UART SerialZ #A& dE37] 98l Qe o] ~2 StdOut

’ /] & AHER S Sl

implementation { /) Mg A

mac_addr_t shortAddress;

uint8_t transmitPacket[128];

packet_t * transmitPacketPtr;

int pkt_cnt = O;

bool echo = FALSE, filter = TRUE;

bool radioOn = FALSE, receiverOn = FALSE, timerOn = FALSE;

uint8_t channel;
uint8_t counter=0;

uintl6_t temp, templ, temp?2;

const ieee_mac_addr_t * ieeeAddress;

command error_t Init.init() { /) el 7} FAQAE %73} i)

shortAddress = TOS_NODE_ID;

transmitPacketPtr = (packet_t *) transmitPacket;

// Beacon packet

transmitPacketPtr->length = 9 + 4;
transmitPacketPtr->fcf = 0x0000;
//transmitPacketPtr->data_seq_no = sequence;
transmitPacketPtr->dest = OxFFFF;

transmitPacketPtr->src = 0;

// 2 bytes
transmitPacketPtr->fcs.rssi = 0;

transmitPacketPtr->fcs.correlation = 0;

return SUCCESS;

}

event void Boot.booted() { // init.inite] 2¥ F Boot7} AP},
call Leds.led10ff0; // LEDE =% £t}
call Leds.led0Off();

channel = 22; // RE T35 AA s,

call SimpleMac.setChannel(channel);

radioOn = TRUE; // radio® TRUE = v} =Y AR
receiverOn = FALSE;

call SimpleMacControl.start(); // RadioE At}

call SimpleMac.rxEnable(); [/ HZ FAle] ThsetEs A gkt



{

event void SimpleMac.sendPacketDone(packet_t *packet, error_t result)

{

}

async event void StdOut.get(uint8_t data)

return;

call StdOut.print("~");
call StdOut.print("N");

call StdOut.printHex(packet->data_seq_no);

call StdOut.print("P");

temp = ((packet->datalO]) << 8 ) + packet->datall];
call StdOut.printBase1Ouintl6(temp);

call StdOut.print("T");

temp = ((packet->datal[2]) << 8 ) + packet->datal[3];
templ = temp*0.01 - 40;
call StdOut.printBase1Ouint16(templ);

call StdOut.print("H");

temp2 = ((packet—>data[4]) <<8) + packet—> data[5];
call StdOut.printBase10Ouintl6(temp2);

call StdOut.print("~");
call Leds.ledOToggle();

return packet;

return; }

_94_

/| e% g &9
/| #ER &9



oW
I

2
=

® USN (Ubiquitous Sensor Network)

2w »ol

L

9l M2 X PH

1]
Lo

Klo

m &S HAIXIE S8

_95_



EO=E

SZOIHEQ} HOIZE in<

N Al - E i
(z|237/ P{Tl %” p

Channel ID:1,Mote ID:1

A
[
di
[z

MM &Hmote 2430

W= A|A®  Basenode :
A =aIo|HE (5= PC) (Channel ID : 1) §
{9t S240|HE Linux 7|8t S2I0|HE ~ .

(TCP/IP ﬁﬂ?‘_E FU

s M
~)

] MMEE
. Hmote 2430
Windows 7|8t AMH

\ % ;;, ,J "i(
5 ;
g Ch

I Mu&Hmote 2430
UHICJ= A|A® Basenode
(== pC) (Channel ID : 255)}
TN
()
S

Linux 7|8t S240|HE

Channel ID:255 Mote ID:255

= EOI20| S20I $AHEE AQUE MM OAtH PH, 2, BF S

m M3 HI0IE = HOIE2] Hmote 243001l 2IoH SCH0IAEN HS

4 E0IEO Hmote 24302 = HIOIEIS S0IAES M0 SHLIBITL
ct0I A E basenodell Hmote 24300lM 01E ==&10t11
2Ol EQ| AHITIE AIARIN MS

A olLo] 22H0IME = EHOIEO| 25570 Hmote24302 HHE 4+ AL
4 Basenode®l Hmote 24302 GIOIE{0ll THEt A0 =22 T 010

m S0IAUEQ AMOE AIAR0 +=EE HIOIHE MBIl M5
= A= SdAO0IHEZRH =42t 4I0IEIE DBOI X1 Z0td 200
et EAM/SAIgHL.

I
n

32
=
32
=

SiC}

_96_



m HIAMO Clof =™ E SE9| PH, 2%, S UI0IEIS Hmote 2430
SAZXI(Hmote 24301 01201 EU0IAEN M5

= HOIE2 MAPDJF Z2&E Hmote243092] &gt
= SJ0IHEQ HOIZEQ S& WH X FEHA
A ZigBee S
A Q% Hal: N ZZHAIK 100m), IHAH 2242 30m)
= HOE0IM Hmote 243052 41&: mote IDO|| CJoH A&

= HOIZ0IM 221012 E9] basenode A1E: channel D0 0] Al

m HIZE 5M @S0M channel ID, mote 10, £ A2 YA
0l 2SS AMABILL 0IZ E0OIE°] Hmote 24300l MIHF AlS

m X 2 I st MISARZ2 CD\Sensor&Basenode?l
AXl Hvd &1

®m EHOI29 Hmode 24302 S 0|XM0l 541 2 =& XI{0HOF &
TS MHIHE /T AKXl HS2AOIMHHE CD &X)

Windows 2¢ MMl &KX

DK 1.5 &X|

Tiny0S emulatorZ cygwin 1l F=2 ZAS 18t cygwin-X & X|

rpm A&X|

Hmote2420/2430 TH X

nesC ZMYUS AT KEIL 2MAY MXI(AlZ HS IS A HHEXHT HIZAMSIAIZ)
WA MINE 918t smartRF04 Flash Programmer & X|

m XI§ XL

EX PCOl |19 OECIAHIOIME MIXMOZ MX|THLL

OI=HIE HATHTL MAMYE =0 HOIE2 Hmote24302 SZ0t1 MAYEEQ
usb ZEE 9 HEAI0IM0] AXIE PCOI ¢1FSILL 0I1F MAMYE =2} Hmote
24309 MY AAXIE onTtLl.

MM HEO| ERI0IHE AX|THO.

cDojl M3 54 2&9| channel ID, mote ID, B&A|ZIE =X

THE DSE KEIL 202t AATEHHZ HIASHTL

MM HEO| MM AQIXIE 2W(HIH RE)CZ AL

AHTMIA S smartRF04 Flash Programmer® =2 28t

MM HEO| MM AQIXIE H(AMM RE)OZ MABIHTL

= - - >

> >

A
A
A
A
A
A

_97_



m 00 MAMSEFH +8E 5= 5SS MU0 A

u UI':ﬂI01 T 34X HES2A0INM
Linux(Fedora 9] J1810] AHICI= AJA Y= PCI2t basenodeE 74
4 Basenode= CIHH ¥ =9} Hmote 2430 MMZ A
A USB & HI0IS(H 00 Wet Q)
A QIHICIE AIAHIIA GCC 2 miad] AX|

S u
A MIAMQL basenode: XIH| S
A Basenode@t LHICIE A|AR: USB ZEE 0|23t 2lESM
A QIHICIE AIAEIDF MH: IPX/SPX = SM

'I'l_al_llI

--

® 0121 JHQl basenode= channel IDZ #E( 25571 & )

m AF2H basenodelll $2HE Hmote 2430MM0)l S+41 28
MO0 ZXHOHOF SHCL(OI UH channel IDE A& BHCL)

m X0 2o MF AP HISE CD\Clientel &X| Hiw &X

IIIIO

m SZ0IAE2| Hmode 24302 S 010l &/ 2&S HIHoHOF
28 IS ---I':sl & Xl OS2 AHIOIM(HH X CD &=X)

Windows 2< MMl AX|

JDK 1.5 &1X]

Tiny0S emulator= cygwin it = =AES Tt cygwin-X &Kl
rom AX|

Hmote2420/ 2430 THX|

nesC ZMAUS ATHKEIL MUY AX|(Al2IY HD IS Al HIEXHT HIZMBIAIZL)
FMWAE HMIHE S smartRF04 Flash Programmer & X|

[E{01'E2] Hmote 243001l 241 2SS XIHOH| {00 12 (iZ2IAHI01410] 0101 AXIEIRACHH CHAl AXIOLX] 250t &)

= &IY Fxt
A EHEPCO f°] HEZA0IME MBHOZ MXIBHTL
OI=EYI0E AASHCLI MM E =0l Hmote24302 AAOI MMEE0| ush ZEE PC
0l 2FBICL 0|F MAME =9 Hmote 24300 MY AQJXIE onBiLL
MM HEO| EZI0IHE AXISHCE
CDOll MIBE &4 289 channel IDE &3t
TAE DSS KEL 2m2Qt YATEHHT HMASHLL
Ailkl El:_l K-IAH A_I_lxl 2I:|-|[K-IIH EII:]OE A X -I ||:|.
AUmMAS smartHFua Flash Programmer& %EO"*U
MM HEO| MMM AQIX|S FH(AM IT)OF MXpI1]l Hmote24302 22| BHCL.

»»»»»»»

>

- = > >

_98_



= O 255712 E20IAEZTH MSE= HI0IHE +8/E40i1
A2IDL 2710l S2 5 & TAIOl £3 HIAIXIE HP.0l M5
= Ot=AI0

A WindowsJ|4to] PCQt BiE(E= HalXl)
A OE(EE= BalX)= EC0IUELL MHZEn:1 YIE/KTE AT &Kl

m X S2A0lM
A DK 1.5 Xl
A DBE MySQL &1X|
A Java ZZ]MO| HMAS 1%t Eclipse &Kl
A Web-serverZ Tomcat & X|

m E0|HEQ SA: IPX/SPX £= M
m MHO0IAM MAC address= 22l0I|2E &2
m AX|0f] et NS AF22 CD\Server®] AlX| Hise &X

\

= Hmote 24300l S&1 = S/+8 2SS HI{oD| f1o 2%t
OIE2AH0IME IH=200 Wt & XIS

SME=ES/FMUIS HAKE
channel 1D ¢’é>

mote ID =X

/x4 AI’._* 2+ £=H(default: 3000 = 3%)

ctOISIEQL MOl AIHIAIZNE 2LXIAIF11] D0l et 242t0)
EAIOIMEES X0l JHE T2 ]HSE HMASHL.

flio

ZO01 Mot MIHSHCL.

> > >

Sllllll

= AAE FHEY 20| SAYS FADHL
= SP0IASQH MHO| JHE T2 WS MmWoHT},

= AHOIAM @it M T2 ]HS 0180101
S5t BI0|E{E Ho| A0 YU

\

29| HmoteJ}t
6 .

_99_



N 873

« MA: TinyOS 2.x

« AHIC|E : PXA270, 32 A ZOta, Linux OS

- 28 AAH JjE : MySQL5.0, Windows XP OS,
Apache Tomcat 5.5

7N Ao

« MM : nesC
« AH|C|E : Linux C++
- S8 Al2H 7 IDK1.5, JSP

D

- 100 -




2012. 6. 29

HAE H7t 437

) ! o) =)

Ju wW T =

NN Mmoo L

N < w

N R -

o mE Y e

B o oR > X

= od —

_ ey oy e o
me T ST X o
oo 8 wwo oo i i EEE uﬂz#ﬂo N T
o R B S Y Y BT ~a 0° dﬂ7 HTN A o
~ Y~ Y~~~ ~ M 'S &o,_uwﬂ Wﬂ./lﬁ; _ )
283858 Y8 5 o m% TIm T o
Iy — ~ ) )
. \Wr.._ 7A M_EE Mﬂdx MH ‘._mo
%0 5 O oE WX R H
o 8 ®ooA o M i~ H
~ ) - | o] = 1E|71. A_% =

<t T

=) N To o] 3% o < Wz . 70
o1 m% ~ < W W B = o < <

—~ 7o . o ojil
p < oo A 7 A2 Er G
KH 70 = o B = =0 ~ =)
x 0 X X ny X W o _ <

~ oo a]ﬂﬂ o N R
o M do —_ E! i o " =< T )

e <0 Qo ~ = = W o= O ™ W

~X

zv 3 Lo N T Tapx =% o
) B TP R z o7 LS T own w 5
N o T W W UGS 1 O E g9 XX =
o M o7 il -~ B H ~

2 = e B X o o o L =0 sl
U.rl ) <0 = [l E‘.*L.E [ :.L —
o ® T g B T OE BN Pgs U ao X
o= ~ — ~— . —_— —
il W iy B i WG T S
~ ‘Iﬂn_vL.UJ; OL ‘_lww._ Ay = L._W\Elﬂwl O.ﬁ

o~ a " WO xR b N I R e oy
B A TR g G o o oMl g
o N 2 d wﬁ = %0 i o Tk mq A Am H -

! X Gl T O
ahmoﬂo%E Huﬁ%ﬂ% % ~ ﬂﬂeeﬂaa‘ﬂoﬁéﬁﬂﬁﬁ pa
W T T T g e ] 1%@@?@#%%3 i
TP E T e el a T A A N N
TT LT Ny KR TN S HMT s e m X
0 —_ =0
FHEELET LY Lo ﬂw%%ng%umg_m& <
T ® Tgwt " w O - I

~ T o —_ TO f I~ —_— 0
Jﬂﬁ_sﬁawowmmﬂmoJ% o mﬁ _owwiurmﬂonmﬂﬁmm =
Pelelie="y e) sE LT FEa L, f

fretas X NR — 0
I LA N m R U oap er ok 3oz T
ST T HB PR N TERTFHNS BFEE T

12 7

P

=l o

],

S

74,

A

Joha Ab

°

Fokar

°

3} detection

S

(¢}
8

A7t
KR
o]
=

o]

=

=

1

L

o}2] 7}A]
data®] AA7}F

1

L

=

Dé] s}

=

- 101 -

A Fage o] Aol AA
72

1
s

uko] @ 414 2 7]

]_

S

Al
>
=

n-
14 AA 8] BEolo] Bago] glojof A5 b5

“

gk AJAERL

2 A

2

[€)

1S o]

2

shelr) &4 4t

ey of



ojn
ox

¢
gl

P

Aol A s dart

1

3
of

#4991 3}
_?"Y_

ka

Aol 7

?:;l_

SRIELE RN P
A4l o

N
Eal

el

U}
H
Hpol @ Aol tiEk kA HAA miol Al Z]Atell thek Az Bee]d o

a3

0

HFE A AT AulEE 247153

Date 7} &

SRR

&t

TEjol AEOo ZA JFX] A}

FoAl

S
“

TR AP e

) -Ego R

bol

S
“

7hE Aol of

2

3

=i
=

=%

ojn

=9} pH ALH MAF7E HojA] §994 A &

o}

Azt o

=

il
-

<
oH

o

o
o
0

of

=
]

R PEC DAL

)
=
ko
rH
raa
<
3
Mﬂ
el
n_AlO
™
<!
oo
W
~
o
o] =
X
o
= X
R
(R
=
N %o
~
:.ﬁ il
~E
ﬂ
oY
W ol

ol
B

G

o

B

wp

149 wol e}

7}3]

N
B

%

o}

whel 47k o

ojn

~
;OO

7o

==
o

- 102 -



	U-기반 실시간 모니터링 및 바이오 센싱을 이용한 동물 번식관리 시스템 개발
	요약문

	목차

	제1장 연구개발과제의 개요
	제1절 연구개발의 목표
	제2절 연구개발의 필요성
	제3절 연구 개발의 내용과 범위

	제2장 국내외 기술개발 현황
	제1절 국내 현황
	제2절 국외 현황

	제3장 연구개발 수행 내용 및 결과
	제1절 가축의 생체 정보 수집을 위한 바이오센서 탐색
	1. 가축의 생체정보 수집과 탐색
	가. 바이오센서란?
	나. 가축의 생체정보 수집을 위한 바이오센서 탐색

	2. 생체 삽입형 바이오센서 개발
	가. 생체 삽입형 바이오센서 탐색
	나. 생체 삽입형 바이오센서 개발

	3. 생체 삽입형 바이오센서를 이용한 번식관리 시스템 개발
	가. 번식관리 시스템 구성도
	나. 바이오센서를 이용한 번식관리 시스템 적용방법


	제2절 실시간 무선전송을 위한 ASIC설계 및 적용
	1. 바이오센서 내장 및 센싱 인터페이스 회로설계
	가. USN기반 Sensing Node/Sink Node 설계
	나. USN기반 Sensing Node/Sink Node 제작

	2. 체내 삽입형 바이오센서(Temperature, pH) 연결 RF Chip 제작

	제3절 바이오센서의 적용을 위한 실시간 모니터링 시스템 구현
	1. 실시간 번식관리 모니터링 시스템 모듈 적용기술 구현
	가. 실시간 영상 모니터링 방법
	나. 실시간 데이터 모니터링 방법

	2. 실시간 모니터링시스템 모듈 적용결과
	가. 시스템 구성
	나. 센서와 클라이언트의 베이스노드 소프트웨어 설계
	다. 클라이언트와 임베디드 시스템 설계
	라. 서버 설계
	마. 시스템에 의한 동물정보 수집 결과


	제4절 번식관리 지표 개발
	1. 발정관리 지표 개발
	가. 발정동기화 처리방법
	나. 생체 삽입형 바이오센서(온도 및 pH)의 질 내 삽입 방법
	다. 생체 삽입형 바이오센서에 의한 발정 및 수정적기 지표 설정

	2. 임신진단 관리 지표 개발
	3. 분만 관리 지표 개발
	4. 시제품에 의한 가축 적용시험 결과 분석


	제4장 목표달성도 및 관련분야에의 기여도
	제1절 연도별 연구개발 목표 달성도
	1. 1차년도의 연구개발 목표 및 달성도
	2. 2차년도의 연구개발 목표 및 달성도
	3. 3차년도의 연구개발 목표 및 달성도

	제2절 관련분야의 기술발전 기여도
	1. 논문
	2. 특허
	3. 학술발표
	4. 박람회(전시회) 출전
	5. 박람회(전시회) 참관


	제5장 연구개발 성과 및 성과활용 계획
	제1절 연구개발 성과
	1. 연구 성과 목표 대비 성과(달성)
	2. 연구 성과 실적
	3. 홍보실적(박람회 또는 전시회 참가)

	제2절 연구 성과 활용 계획
	1. 연구 성과 활용 목표 및 실적 대비
	2. 연구 성과 활용계획
	가. 실용화 및 산업화 계획
	나. 기술 확산 계획
	다. 특허, 논문 등 지식재산권 확보계획
	라. 추가 연구계획 및 타 연구에 활용 계획
	마. 산업화를 통한 기대효과



	제6장 연구개발과정에서 수집한 해외과학기술정보
	제1절 일본 박람회 참관 내용
	제2절 중국 박람회 참관

	제7장 참고문헌
	부록

	부록 1 : 프로그램 설치 매뉴얼
	부록 2 : 프로그램 사용 설명서
	부록 3 : 동물 번식관리 시스템 메뉴얼





