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SUMMARY

1. Title

Development of surveillance system based on Ubiquitous Information Technologies in

Apiculture

II. Goal and Importance of the research
1. Goal of the research

The aim of this research is to apply USN (ubiquitous sensor network) technology
to the apiculture for the remote monitoring of honeybee—disease signal and
establishing early warning system. System architectures, development of hardwares for
real-time bee colony monitoring system and preparation of precision beekeeping
manual for the scientist and practical beekeepers are included in this research project.

For these, we chose available sensor chips which are suitable for the system, and
implemented optimal technical systems for data gathering, transmission, storage and
usage of intermediate devices. In the course of the research, aforementioned
monitoring system was applied to the experiment apiary and updated it continuously to
improve for the actual field conditions. Through this, we suggested the 'Smart
apiculture—-management' based on precision breeding technology by environment
surveillance and disease prediction. The eventual goal of this research is to contribute

to the productivity of the bee farms through the advanced management.

2. Importance of the research

Bees not only contribute in apiculture production, but also play a dominant role in
global agriculture by pollination of crops. The role of bees is so important, hence,
bees are considered as the third important livestock after cows and pigs in Europe. In
addition, the important role of bees is further evidenced by FAO data which reveals
the contribution of bees in pollination of 63% of food crops.

Recent CCD (colony collapse disorder) which was first discovered in America
cause a heavy loss of colony formation which is resulted in critical decrease in honey

bee production in Europe. In addition, there are various honey bee diseases which



affect the domestic apiary industry. Among them bacterial foulbreed, Nosema, and
parasitic mite are crucial. Also, recent Sacbrood annihilate most of the native bee
species in Korea. Current control measures against these disease outbreaks cause
higher expenses. More importantly, frequent use of antibiotics and other medicines
develop resistant strains and residues of antibiotic chemicals cause problems in food
hygiene. The cost for the pest control showed steady increase, but domestic epidemic
appearance rates are not decreasing. Therefore, developing disease control measures
in early stage is desired to minimize the affects.

The importance of the bee disease diagnosis method and medicine development has
been recognized and steady research and investment are being performed. But
environmental control to suppress the disease or early disease sign monitoring system
and accessible controlling system has not been yet proposed.

In this context, ‘Development of surveillance system based on Ubiquitous
Information Technologies in Apiculture’ is considered to be as swift decision support
system, which is responsible for automatic real-time remote gathering and analyzing
the internal beehive environment data of the bee colonies.

This could improve bee farm’s productivity, and various infectious symptoms
monitored could make to initiate immediate responses. Changing environmental factors
which are correlated with bee colony’s internal environment, disease, or invasion of
pest are being remotely watched through the Smart Devices such as smart phone or
PC. Such a USN technology will establish low cost honey bee disease prevention.
Interestingly, this technology will enable the apiary to counteract with the
environmental changes against the bee disease in the field immediately and establish
the system to report the disease immediately and minimize the risk of disease spread.

Also, an increasing number of bee colony along with the flower blooming seasons
depends on the risk element management, such as micro—controlling of temperature
and humidity. Thus, selection and application of the optimum sensors that reflect the
elements and automatic ventilation system will directly contribute to the apiary’s

productivity.

II. Research Contents and Scope

Honey bees colony called as 'Super-individual', shows dynamic activities for their
survival and breeding. Optimum standardized sensors were designed to collect signals
that reflect the internal environment of the bee colony without interfere their growth.

This system reflects the phases of the honey bee growth step by step such as honey



bee’s hibernation, action commencement, infant care, swarming, and honey collecting
activity. At the same time, sensors for cage weight and concentration of CO2, NH3
and HZ2S were installed to monitor their changes that reflect the disease infection,
invasion of vermins, and the bee colony’s healthiness. Meantime, developed systems
were utilized to analyze the sensor signals to find out valid signals that correspond to
the purpose.

To this end, construction of remote controllable experiment apiary (Kyonggi
university, Jeju university), establishment of specific sensor selection standard with the
development of sensor interface, design and development of bee hive frame shaped
sensor board which can be installed in the Beehive box, development anti—black out
technology using solar cells, establishment of exclusive apiary portal site, electronic
scale related to the decision of bee honey extraction time technologies were

developed.

V. Research and development result

A precision beekeeping system based on USN was implemented by several related
sensing devices for beehive's environment monitoring. The proposed system can
collect the signals of beehive's environmental data, and analyze the growth conditions
whether it is normal or abnormal.

Also, the methods for early field response to the disease by signal analysis and

prediction were proposed. Below is the summary of the content.

1. u-IT related system development contents.
Sensor circuit embedded frame for beehive box
Signal collection and transfer system
Web based server monitoring program

Portal site 'Doctor Bee'

2. Bee live and behavior information analyzation using the developed system
signal changes according to the growth phases
special signals in swarming
specific signals according to the nectar gethering level
special signals changes in abnormal growth environment

specific signals change in infectious disease



3. Alarming system development for early response

Beekeeping industry exists for the production of bee products and the mediator of
pollination. The base for this is the integrity of the bee colony, in apian terms, bee
colony robustness. Food collection honey bee’s growth activity and controlling internal
physical environment for suitable infant care can be maintained only when
super—individuals in the bee colony have enough energy to carry on their role.
Especially, vigorous, immediate cleaning activity is reflected as a strong resistance
against the source of pollution, preventing the disease.

In this point of view, any change in the signals of bee colony’s growth environment
is suspected to disease occurrence. If the colony’s decline in robustness becomes
visible, much effort and loses occur in order to recover the power. The main reason
of in this is that, bees’s growth cycle goes through the stages such as, spawning,
larva, pupa, imago, and imago takes role in cleaning and infant care, honey collection,
watcher according to the ages, if one stage was damaged overall balance in the
growth is affected too.

Thus, there is necessity of early countermeasure of abnormal symptoms and
develop a system that signal whenever the abnormal symptoms are observed. In
addition, beekeeping core managements such as, repair of heating device, eradication
of vermin, recovery of the bee colony after swarm, adjusting honey extraction, are

accompanied with this system.

IV. Results and their applications

More interestingly the finding of this research could be an opportunity for related
industry advancement by applying new agricultural technology like ulT technology to
the bee—keeping industry.

As far as we know, the development of beehive installable beehive frame shaped
sensor board is the first one in the industry. Until now beekeeping industry was held
by only experience based knowledge. From the breeding management to the honey
production, every step was managed by checking the beehive on foot and handwork.

By applying newly developed methods, less man power will be required to run
large scale apiary. Especially, using Smart-phone or PC will allow beekeepers
real-time monitoring of apiary farms remotely. Also bee colony power changes will be
observed fast enough to prevent diseases earlier.

Achievement of this research has been published in SCI journal (1), international



expert journal (13) and KSCI journal (6). Total 20 scientific treatises have been
published and many research papers have been announced in various Iinternational,
national conferences. And, 7 items applied for the patents, and XX programs were
granted.

Real products in this study are 1) 7 patents and 6 programs registration for
industrialization 2) 3 of plan for business 3) Development of CS-Bee-Sensor 4)
CS-Bee-Gateway. These device prototypes were manufactured by CS Inc. who
participated as the co-research part in this project.

In September 2015 APIMONDIA Daejeon, experimental prototypes of the system
will be exhibited and be publicized throughout not only Korea but also worldwide.
Also, it is expected that with reasonable support of the government, even small scale

beekeeping farms will also be able to put this system in practical use.
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A= i ea=t King Family Farms th7| 2% ZUHE T A]2H)
- FHE AA B8 H8 A28 AL dFAAY
=
Az Yol F A& AW 37 #e AJ=H
dE9E £ oy AUF A% BUEE A 2H
iﬂja v celer 2R AuHd T
TFUEH -
A 28] Aol =Y MA &AL
Y= FAHE AL B AR RUEE Al 2HE
2% o] H A 2Hl
SIS S v = w3 A Al =H
S Askoly F2 #e A=
N Ha7] o]gF2 A 2Hl
¥ 54 Zego —— .
NEESS Bk olg 54 Al=H
Al 2=El W 7] o) A7) o€ F2 A|2H
dvk= =5 AL o€ A"
o) = Brandt BeefAl RFID &8 2317 o|8F4 AJ2H
IF Genetic SolutionA} DNA &8 2]317] FZA] 28
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A

Maple Leef FoodA} DNA &8 =jA]317] FHA|2H

Zz 2= 1A 9 #EE 913 RTAC-PM
A ke RN =t ast Feed A=
Al f?n‘ﬁ]‘%l o) = OrangiTech Ate] &8l ZHA| 2
&7 N B
A58} = HA] ou B g 2l vidshe-2 AE lE Al 2E
25 b U FALY) FES B FA #A A2
ol Es RFDA 28 =9 357 &2
o= HolARE 7|&A &S T Audr2H
FAFIFE 0] 83 s FurE
= AP 53 W3s) A Al
71 efAkE -
AAE T &8 & B9 G ZA2H
& A ntz= B2
dE

< 2007

H
T
2l

B 1% 4 288 9%
N

53 A s, US

1T $5% 714¢ d75a

u
=91, fAAo] ZHl 5 9

A

=)

i

-

a9 3 A& 7A9H

19 2 10/100BASE-T &3 USN =& 11
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Fp—

-
” : Antenna
2x 5P N |
Subsystem
SHART = AGHz External Power Amp Control
f * (Optional)
2 ADC Transcehver
lac e _'|r|- 80211 — > RFSwitch
' 26658 | MAC &
3x PWM ] = = _;':_' Basahand e d4MHz XTAL
| +—— 1.8V Regulator
32« GPIO ARMTCPLU

DC-DC Control

<+— 32kHz XTAL
<———— Battery (3.6V - 1.2V}

2% Alarm
Zx External Wake Up

29 7 A% A9E 79 6 WLAN 533 USN k=

e 216545

SN DG Y

a9 8 dFeloly HE

h
=
[

2 dygo] = A Z AFZ(Double)
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A= A7

7% 10 wlolE] A9} AolEse] AA =& 2 USN u]S9o] Aldshn

20073 ITAl7|& AL Ax AYLS Aoz =349 4=
(T AT gE¥e AAC 07.03H v Fzaei F5 sfo] 53 Hﬁit}.

ri
n{ﬁ
e
=)
=
o
N
_E
%
4o

[TA7]&9 &8 F= USN(197H) RFID(1078), LED(17}) &< o|&3sl¥ o, REXHO=Z
PDA, GIS/GPS, BH w2~ 59 7|eg &3ttt @A = RFID/UNS ©|&3 47«
T AAZRR] FF4 30% AEE ob 24Fd, FdH 22 A& 23 FHol g
g et dFHEAT gFEEY w1 99 3 Y, S5 A dE v Vsl dE
ATE vulst] AAZQ s =EekA X3 Aot kA v Ve AY Ao <
Y&, =2 752 A2 Ao Alz=", AR FEAA Az"e o] d4Hd &
of2 o] FEo g & ME flole I T Ve AAFLRE =9y oHue A4
o] gt}

B HAls Fetd @Al USN Al='le HE5sts Aoz w4 s HEste a2
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A 1d BT AZ A AT 7PIAAE AR

L 2A8 BT A5 35 A 7|HAAE A2 HFgste 7 2A)

U-IT Zluke] EHAMA AR AR ANAE AFE ATAFAM] 24, o]
AT /WAL TS 1H o FYstach. Ao 2Ae Fue W o WFYA

3o dge sl oete] BEe] PHS HAAIS] AW ALHOE AW FAE A
gotel 4PE BT ARAES AN AFAMLS = 0 D A7) AR

e e
& Jhgme Aty on, Ahﬂﬂd—& 59 $Bo AW FUYSA AH AT, AFAEA

ol

A

¢

l

2
N,
f

& W& H] 3L
i} Ao stal Sty
I L
HA 15m x 12m
A= 33.45130462
A= 126.56705865
A 374m
4 s
ERiSCRIEaS 3 < 40dB
FH G S 6 km N
o] A7 g a" 11 AFE el A AFASA
- AR 14 BT 40mme] A%} sandwich panel& o]&3t
- HI A 8 B A7k A

2. AAY BT AZ F£HS A” 7HAA AR (Bt 7l A A)

A7t AXE ATt 2 RE i 500 km A= HFol 94X dAYY AEFHE A

stof, ol AAT A7 n Wl A& AJEFEFN Azdlle ARt dAE AzA

2 A AE s A 2H7IFHEA AFA Sl Blst 21 F

A719] ERS ko o, Il F dARl opFtAlof FFo] A st Ut ., =

Aol At 7] e, Ay de] Fud v Y=tk el 9ISt AR 7]
B

LHY AEY 4w, FHLE, ST EY == 59 o] AFUstuel A E AFAl

_22_



& Hfsn QonE AFAPATY BHE NG Ao o 2 A
Fulo] A FREIIE S AL AHED Aok AAE 5 BTl HAAT

= & H| 31
Bp A sk )
™ % 20m X 8m
A=
A=
i1 174m
9] e
FUH AL < 50dB
%‘f] ;j ;M > 2 km <
. AAA 5 B 99 12 AAdstE FRASE HQ B B
e WA 10 B saE 39

3. N8 AHAAART &<l

WS St A E AR B dHle A AT Ags B #E 9 of
Astol 7 8kA| 7] of k! J5dEl= ARG o2 o] FojA
9t Aow Wk B A4 AsA1E s F
o str] o ek A )

Y AS BAAIIE FHE] fske], Ao TRAEA e O BT ARSo] EF
29l v}, F23%F AlvAd AWl ul=EA(AFB, American foulbrood)2} 3 H#(EFB, European
foulbrood), ¥4 A® <l WMERW(Chalk-brood)e] TS ZAG S40E AGHAG ZF, v
TR &Ade 3l &<k A HAel ELISAE F3stdth §9hA2 #359 WHals z7)
5 oA A e whel AW 2 Efo ANRHAHE VEoE st e, &
el FES AHER o2y #Est FEHAAY FHAHY ddS 7FoE st
s Ao E #ulY 8 2 ELISAE AAstd o AA, 549 2345 Uit v=5i
Ao A= UAAA P Jarvaed] flagella @ spore Zzbel| st Aol It
Monoclonal antibodiesE 7|19+ & ELISAE AAeAth (A &, 2013) FHFA 29 S &
AL FFo o7 FFo WMI(IFA, WA GG oyl 2 2 Rt Wjuj 2 Hol:=
ANET FHHE 7IFo®2 WHsRe W o dHsrt gtk s e E s £
ELISAE A XSttt} ELISA= M. plutonius #11] }d ol gk Monoclonal antibodiesE 7]HFO. =
/M3 sandwich ELISAE AAISHAE vl FAH-So] LA Gt A4 dg e &S
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SFFRATFAEENSE
sEEERRIgnds A
i i d# £

3 5 AFB wj¥zdAl 9 ELISA 43}

Qage Inspection Culturg & ELISA against, Note
Serial no. Isolation Flagella Spore

EO1 - - - - 2013 &+
EO02 - - - - 2013 &8
EO03 - - - - 2013 &8
E04 - - - - 2013 &8+
E05 - - - - 2013 &8+
E06 - - - - o4 BT
E07 - - - - 4 BT
EO08 - - - - o4 BT
E09 - - - - o4 BT
E10 - - - - o4 BT
Ell - - - - 2013 &8+
E12 - - - - 2013 &8+
E13 - - - - 2013 &8+
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X 6 EFB vl Fd A 2 ELISA 23}

Cage . Culture & ELISA against,

Serial no. Inspection Isolation Cell Ag Al
E01 - - - 2013 &
E02 - - - 2013 &
E03 - - - 2013 &
E04 - - - 2013 &
E05 - - - 2013 &
E06 - - - o4 B
E07 - - - o4 B
E08 - - - o4 B
E09 - - - o4 BT
E10 - - - 4 T
Ell - - - 2013 &
E12 - - - 2013 #&
E13 - - - 2013 &

® 7 Chalk-brood 7 AHZ 3}
Cage . Culture &

Serial no. nspection [solation o
E01 - - 2013 &
E02 - - 2013 &
E03 - - 2013 &
E04 - - 2013 &
E05 - - 2013 &
E06 - - A B
E07 - - A4 B
E08 - - o BT
E09 - - 4 BT
E10 - - o B
Ell - - 2013 &
E12 - - 2013 &
E13 - - 2013 &
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Al 28 ANIBETo AEAFAE Agy 4F

1. Hosa Ad o o3 AW Z(ournal of Apiculture 28(5), 2013.12, 339-344 )

=y Aol wejstael AWAA e ELSAE Falal hge] Ang A4 & glo
S

n| =32 W (American foulbrood, AFB)-& Paenibacillus larvae subsp. larvaedl o3+ ZEH o] A
74 Aoz 7 ol WAHIL = AWAS AWelt ([Baley and Ball, 1991,
Broodsgaard et al, 1998; Tarr, 1938). o] WA= EHWS £F2 sl ZHo F3Fo HY
shal, WA zAL ofs AAHEM, 4 & HAE7IXe] 2a, AHAEERE MEaEn, & X S
Hol ki skde vk 8|S Fa1 Qlth (Bamrick, 1964; Atkins 5, 1970). v]=r3-AH-&

A
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ol P Jarvaedl 23 LEFH A=A <

I =olth. AFBe Age F

|= Lol sl AAHE A7 Bow, Al w g

Paenibacillus larvae subsp. alvel 53 B3 ZFd = o] %7] wjfolA 4
N
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ol A AT F A} FAHE 4
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Jlofsto] Fgslal Al&3 ko] of AAoltt (Sneath 5, 1986). AFBS] <
EolgA e /i (W 5, 2002), polymerase chain reaction (PCR) <%, (Govan
£, 2001), nested PCR (Lauro %, 2003) & AZFAdo] Hot real-time PCR (©]
S, 2004) 5o Wo] AFBe| TS 9t Had uh Qv ¥, Eo|FAE AL AHE
Al AW APAAA dFAEY Ay dA A AEXT F&3 A=

T gdoemw, =3 AFB W #HsA ol&d8 F UL Ao
Paenibacillus larvae] o}3E7} %o 7<% a(Crailsheim and Riessberger-Galle, 2001),
o(Yue et al, 2008) gutoll Al S48k & ThA] o}axs) = =(Lindstrom ef al, 2008) =%+
BE WHESt TEA FAY AAIH)] WHEIE 7] Wil M GE S A 8A7] 7

M= Paenibacillus larvae®] vegetative cell¥} spore & Zhzbol thdk oAz} MW
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2 Z8od Ao AgHU} o2 93t Paenibacillus larvae subsp. larvae2 flagella & o}
of tf ¢ So] I EFAE MLt o, o]& A&kl ELISASH ICAE 3 8k3it

(D) P. Jarvae 9] flagella & o} ¥ 3+

P. larvae (ATCC 9545)E Brain heat infusion (BHD plate (DIFCO, U.S.A)el =¢3sle] 37C
o Al 24A17F BlkE & @y ets elste] AK wjA| (Sporulating Agar) o] =2alal 37°C of A
547 viFstg Tt vy FAE AR (5,000 x g, 20min)dte] 23] A3, 2mm 773 ¢
glass bead (SiLibeads, Sigmund Lindner)ZE go] 3083t &3] w49 flagella%— A3t A
o] & AAEFG,000 x g 20minE Fsted #ElH flagellart F/¥ FE5AES 3Fsta, ol
AEAS HEA AR (14,000 x g, 40min)E E3te] AHH flagella H8L dojuyith.
Flagella®] #3& A R3le] -80TC o] B3l BALB/c wF$-29] W3} hybridoma®] screening
o] ALESIAT ol AL slided] =t AA A =A]Z1 &, malachite green (Junsei, Japan)
o2 IAslar Safranin O (Safranin, &2%AeHE NExIGAste] Fstdv| g oz HAstATh o
Aol 8lH plateo] HiUYH o} EAZS scraperZ Fo 33t Ao EHAIR &, 3
o] A3t (1,600 x g, 203) IAES It LEstd WsrRa (-70C)stH W9
e ‘Jiﬂ%@% FAdo = ARSIAT. AAE P larvae flagella®] A4S F<Ust7] #135t,
flagella®®8 & Alt3 4l ELISAE 96 well microplateo] &2HA]7]aL
dS 7}k 3 horseradish peroxidase”} A% goat anti-mouse IgG(H+L)
st HESAI AT RS EE ABTSE WAIAZl A3+ Fig. 139 Zeo] &9 559
s|Mo] wel AFARQ] FTFTAH HEFS BHYPOSrm=Z P jarvae 9 vegetative celld] tjgk 5o
Feoz T v Ao AT 53] flagellas HAe] XdHe| WHFE=R
vegetative cell “Jeje] A2 HAZEol o] AL Aoz Agdt (18 14). AK HjA|of] wjFH
P. larvae °] sporeE malachite green(Junsel Japan)o. 2 FA st HH3E A3 dAo =z HAY
Hol #EHAT. dHF- B TAEe] HFHJOY FAD v 53
oxgE Hyy 9 %’—‘#%QJQEH FE3 Aoz A

o

—8—Whole cell
—O—Flagella
1.50 -
= 100 -
: .
ﬁ
F
o i
0.50 -
10 100 1000 10000
Fraction dilution

19 14 Antigenicity of P Jarvae whole cells and purified flagella fraction. Dose—response curves were depicted by ELISA
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P. JarvaeE BHI wj XA 24Xt 52t Hj
o olxslE FEsAL

Z7¥ske] 120412 %o

& &, oA e FHske] AK mi A oA Bl kst
5l malachite greenol]l Aoz A= =

=80 - 0}27]'
o] #AZY ofxstE HEHE #AFHUTE (IF” 15)

Gram staining

Hj ek Algte] 7

=

48h

72h

96h 120h

19 15 Spore formation of P Jarvae with the lapse of time on the AK agar at 37C. A

Gram staining of bacteria, B - F: 24, 48, 72, 96, and 120 hours after inoculation respectively
malachite green staining x 1,000.

2) v}$-29] HY
‘AFASt L FTEAT

geosAs o ¢

o

FHIE P Jarvae flagella FU7 o2 AS 65779 7l BALB/c vh¢-220] AHAHT
B4R T3

A= ol AAsth

(3) B2EFAY P2
A% WUE F uNLA 3T

T2 3 4A7] BALB/c v}$-29] u]&3} SP/2 myeloma Al
€%AIA  hybridoma MEZE E_H 9. EolgdAE Husi=
BALB/c v}-¢-2=¢] BEAWE HFst] 1L

hybridoma clone-&
Zo] dUdSFEFIAV EHE

Hn2AA=

g Aastgltt,
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10 g ——1D7
e ¥ ——PC0] s
LY ; i —a—4D6
W —&—1G6 i
)\ S Sy —+—4F8
\\ =302 - = =4 —S5C6
H A ——4D7 z B L
|E .\" g U.S o 3 z
5 05 |\ z X
) L h? b
L b N ~ W [
\\\- R W, N
N s \—‘ﬂh-_-'!-;-_;
Ny 0.0
0.0 $

100 1000 10000 100000 1000000

100 1000 10000 100000 1000000
Ascites dilution

Ascites dilution

1Y 16 ELISA titers of ascites containing @ 17 4. ELISA titers of ascites containing
monoclonal antibodies to 2. /arvae flagellum monoclonal antibodies to 2. /arvae spore.

@) EFEFA Y AA
Protein G sepharose 4B gel (Pharmacia LKB, Sweden)S o] &3}a] B4 9] [gGE AHA 3}

AT

(5) ELISA

HRP-MAD conjugates= Wilson3} Nakane (1978)2] wWHoll ols] =83} th. ELISAE plate=
AAE FEFEA S 96-well ELISA plate (Nunc polysorb, Demark)ell 100ul 2 #33le] &3
AA FHlstAT dAFgEe 24S st FHlE ofx RF 100u & welld]l 7hstAth &
]_
)

AV

N
et
o

Ao AeE ENE AAS EHE microcentrifuge tubeol] @il 200ul e PBS-TS
microcentrifuge tube-& plastic B0 2 wiajsta 20x3F YA SA T (3,000 rpm).
A2 = Bgste] ELISA B4 ARgstaith £4 %8 A= PCR(O] &, 2004 o7t
I EASI S A )

AFRH oz, BA e P Jarva spored) AZE NAEE ZAREl7] 98] 1x10%,  1x10,
1x10° 1x10°, 1x10% 1x10°, 1x10% 1x10" spore/100ul 7} =A 34§ thg Pla063} Pla07
S E3}o] sandwich ELISAZ A A8ttt Figure 33 2ol 1x10° spore/mle] A& =S B 4th

=

Ak

s}

o
ofNe

o>

-
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3_
g 25
o
S 2
S
~
3 15
S 1.
[}
© 4

05

8 7 6 5 4 3 2 1
P.lavae spore (Log 10, cells/ml)

13 18 Detection limit of sandwich ELISA for P Jarvae spore antigen.
mEnae] Qe olH7tA EEsHE Aegol AAHel A ¥x, YA B =2
=
E

o 22 4 el ofEshy] wWEell, ELISA kite] 1= E
G

, 20049 AAE 7|EL 2 Hladte B3-S w MR 96.0%, Sol% 100%E EATH (F 7).

# 8 The result of comparison PCR and Rapid kit

PCR
ELISA kit Ref. method) Total
Positive Negative
Positive 48 0 48
Negative 2 54 56
Total 50 54

(6) Immunochromatographic assay

Colloidal gold H¥gA AXE Hsted 40nm  F+74¢  colloidal goldE Al Z3% T
Immunochromatographic assayE |3t} Nitrocellulose transfer membrane (Whatman, SP003,
USA)S Smm Zo 2 A3 & AHAE &S 10mg/ml S 2.0ul2 Y1 dottingsle] Al-2-of A
Az & ICAE AT IgEe} Solx AAE g Al5<9 &Y= ELISAY 4 %9 &
dsHAl skt

BA Wl P Jarvae spore®] HZE WMAEE ZASL7] 981 spore 1x10°, 1x107, 1x10°,
1x10°, 1x10% 1x10° 1><102, 1x10Ynl 7} SHA  3Aste ICAE AASHHE o,
1x10%pore/100u1 @] AEAES BHPom o= 1009 AuZFoz w83 o] 1x107/m 7+X

m{m
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AE0] 7hsrt Ad2eln, dnkz o2 ELISA Wl Hlsty W2 HAES4EE HAth

3 9 Detection limit of immunochromatographic assay

Spore/ml

1x10° 1x10° 1x10* 1x10° 1x10° 1x107 1x10°

Grade - - - - + + ++

ICA®] ¥+ 9 So)=e] wlmi PCRO| o3 ATHo] 5, 20008 71E02 vlwste] nk
g o, NPEE 020% SolTE 100%8 BT

3 10 The result of comparison PCR and Rapid kit

PCR
Rapid kit (Ref. method) Total
Positive Negative
Positive 46 0 46
Negative 4 54 58
Total 50 o4

2 HAA AAM g WY AWy AR

7}. LAMPY S ©]£3F Kakugo virus®] MZ2 ZAZEW (Korean J. Apiculture 27(4)
267~274, 2012)

Kakugo VirusKV)&= @ o=2& Ad74skARt
2] ¥ picorna virus AlE9] viruseolth & Aol A

3} loop-mediated isothermal amplification® & o] & }04 KVE HZ 713 AgHe /dst

mew, o]5 KV-LAMP(s)z} B3ttt o] W 7]&
T e ZA-™o] At KV EolFHl Hr|Adel &AZ KV-F3(2) / B3(2) / FIP(2) /| BIP(2), 4
N9 primerE AME3e] 56T 9] S2ZAd A 40837 AX8ke] KVe] DNAZF 1x 10%copies/

u7tx) AFgHozw Z=ZFS destgth. SYBR Green I 3 Gene-Finder™ Nucleic acid
fluorescent dyeZ dE flol SUeE AFY F JATh mekx KV-LAMP(S)™H
L KVE 4l&35ta HE8sH dETdo 2N JFEdFNA F85H F8E = IS Aoz dAndH

h = A=



¥ 11 Information of KV-LAMP(s) primer set

; s o Length
Oligo Sequence(5'—3")
(mer)
KV-F3(2) TTAACGCTGAGCATGGTA 18
KV-B3(2) ACTCGCTTCATTTCGTCTT 19
KB-FIP(2)" | TGAGTGCCATACTTTGACAAACTTTTTTATTGATGTTAACAGCTTAGAATGG 52
KB-BIP(2)" | TAAGAATTTTGGCCCTGGATTAGATTTTTAGTATAATGTAATACCCAGTCGA 52

VEIP : combine by Flc and F2
?BIP : combine by Blc and B2

5'-GCCTTAACGCTGAGCATGGTATAGGTATTGATGTTAACAGCTTAGAA

TGGACAAATTTGGCAACAAGTTTGTCAAAGTATGGCACTCATATCGTGA

CGGGTGACTATAAGAATTTTGGCCCTGGATTAGATTCCGATGTTGCAGC

TTCGGCGTTCGAAATTATTATCGACTGGGTATTACATTATACTGAAGA

KV-TF3(2) KV-T2(2)(sense)

KV-TF1(2)(loop)

KV-B1(2)loop)

KV-B2(2)anti-sense)
AGATAATAAAGACGAAATGAAGCGAGTAATGT=-3'
KV-B3(2)

1% 19 Nucleotide sequences and location of primers for KV-LAMP(s).
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13 20 Fluorescent test of KV-LAMP. Panel A. LAMP product (P) and negative control(N) were
stained by SYBR GreenI. Each products were observed by ultraviolet transilluminator. Panel B.
LAMP product(P) and negative control(N) were stained by Gene-Finder™ Nucleic acid fluorescent dye.
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% 13 AAwEe] HolE A% 74

T DATA
STX ++
Sensor node ID 0001950000000212
T :
Protocol Version HO02
T ,
Sensor 1 value 35.7
T A} ,
Sensor 2 value 22.4
T2 ,

Sensor n value 123.456
TFEA

checksum 0x00
ETX 0x0AOD

AAET o Holy AFEF7= 71E 30022 AAAI, oo ue} AolEg ol 573}
stel WAol Jhsdtt.

Active Clock Domains Oscillators Wake Up Sources
MainClock| Timer TWI SPM/

Sleep Source Osc Address EEPROM Other
Mode Clkepy | €lke asy| clkyo| clkanc| clkasy| Enabled | Enabled | INT7:0 Match Timer 0 Ready ADC| /O
Idle X X X X X&) X X X X X X
ADC ]
Noise X X X X2 X2 X X X X
Reduction
Power- X X
down
Power- iz X2 (3} ¥ X2
save
Standby'" X X3 X
Extended 2 {3) i {2
Standby X! X X X X X
a3 21 MCU«] £HE =" wake up
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A F7)ott 2 3ol = Z Timer0S.2 Wake up &

£3M9th ofglel I1dS MCUS Power-seve REZoAo] At &

P

T 3l

= Power-save EEZE 9]
EAFE U, AF=225C)dA 3.3Ve AYe = ZA] oF JuAY ARHFE Yebd.
16 -
25°C
14 M/ﬁ
12 i
_,-rff
10 e sl
--\- _'_'_'_F_'_'_‘_'_'_'_'_,_,_,—'-
z -
= & =
]
4
2
a |
25 3 3.5 4 4.5 5 55
Voo (V)
13 22 Power-save Supply Current vs. VCC (Watchdog Timer Disabled)
TS MCUE WA o] @&,E Anjxdgo] volx]7] wfjFo UARTEAIN /&0l
1.8432MHz & AAstAth AAx== MCUY wWIE8E SAEE L7F&2 ofgiel I8

foec = 1.0000MHz foee = 1.8432MHz f,ee = 2.0000MHz

g::;d U2X =0 U2X =1 U2X=0 U2X =1 U2X=0 U2X =1
{bps) UBRR | Error UBRR Error UBRR | Errer | UBRR Error UBRR Error | UBRR Error
2400 25 0.2% 51 0.2% A7 0.0% 95 0.0% 51 0.2% 103 0.2%
4800 12 0.2% 25 0.2% 23 0.0% 47 0.0% 25 0.2% 51 0.2%
9600 6 -7.0% 12 0.2% 11 0.0% 23 O.p% 12 0.2% 25 0.2%
14.4k 3 B.5% 8 -3.5% 7 0.0% 15 0.0% 8 -3.5% 16 2.1%
19.2k 2 B8.5% 6 -7.0% 5 0.0% 1 0.0% 6 -7.0% i2 0.2%
28.8k 1 8.5% 3 8.5% 3 0.0% 7 0.0% 3 8.5% 8 -3.5%
38.4k 1 -18.6% 2 8.5% 2 0.0% 5 0.0% 2 8.5% [ -7.0%
57.6k 0 B.5% 1 8.5% 1 0.0% 3 0.0% 1 8.5% 3 8.5%
76.8k - - 1 -1B.6% 1 -25.0% 2 0.0% 1 -18.6% 2 8.5%
115.2k - - 0 8.5% 0 0.0% 1 0.0% 0 8.5% 1 8.5%
230.4k - - - - - = 0 0.0% = i i =
250k - - - - - - - - - - 0 0.0%
Max 62.5Kbps 125Kbps 115.2Kbps 230.4Kbps 125Kbps 250Kbps

1.

UBRR = 0, Error = 0.0%

19 23 MCUS HIIS9dE SA&EE o /s
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A= MCU2 wWelZF
A wWelEge] e A
ol HA Au|HH = B
AArEe] 2 aA 6 oA
ste] AFESHA] e AA e B2IRE &

Arzco 3244 F dFolH, FET 59 HARFLAE ol &ste FH AX HdE F

g o] Aot

- ZIGBEE

D3 el 2 g
» - , o tow our|2—ea—trpa2 4 L
e L DR B AN o i - a | o5 AT~ €5 R22
5524 ? seq3 smas-i 4TuFMSV L SN 2 ssiz ™ fooournev $ 330
—‘ = = a9 4

a9 25 =913 dEdely dd=
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A A x==9] MCUE ADCHE o] &3t ALldA F35E A dH, 53] dA¢e S48
He), iAo s 329 Bests st wAY Ao HWGEW WAL ot Y
O ZAEN 2= A dYe VCCe GNDE Aoz AZstA Hojglen, o] A= 2
de avsts aaw Fas "o

AY 4w H28E TN Y] B APge 2= Y AFL o]&se] UMY
o ZHIEE s2s AANYL 0L 18 2

VDD_IN
J4 ]
MOLEX 526702 Mt
; N
¥ =
c21 4 £l
| ouFtey A~ 2]
RZ3 i
24 200K 1% /2012
ey 02012 =
BATT_CHECK<JBATT CHECK
R25
100K 1% /2012
a9 26 =2 AaS 2 vA4Y A dAdSA4 3=
ES, ZA BE v AY ARE Fol7] #5tY, pul-up AY TE =S AZHS e
Ago g JZE AASAL 2 dF+= ofdfe IHH ok
+13Y +3.3
RT RE
SW1 Ll o 100K
110128 Semm 11028 5mm
1 _0—ﬂ3_3 e KEY L >KeY 1 1 _Q—CI-E._'& Rl KEW "--|_}HET_E
c3 4
= == 0uF = = Q1uF

a3 27 52 39 pull-up A3o] ALgH 3=

- 38



HA =2 +OF= . 19 WM Sl 1= MALAIZE 19 = SH AL ol HiE 9= o B

= = ma z = = ma mah
300 5 7.5 288 1 288 0.025
600 10 7.5 144 1 144 0.0125
1,200 20 7.5 72 1 72 00625
1,800 30 7.5 48 1 48 004166667
3,600 60 7.5 24 1 24 0.002083333
7,200 120 7.5 12 1 12 0.001041667

Ed 40
Edl =7 +OHE . 14 EM S 1z EM AZE 19 = S5 At ol His 19— =5 B o

= = ma z = = ma mah
1,800 30 36 48 2 95 0.04
3,600 60 36 24 2 483 0.02
7,200 120 36 12 2 24 0.01
10,800 180 36 8 2 16 0066866667
14,400 240 36 2 12 0.005
21,600 360 36 4 2 8 0.003333333

7| =
sleep AjZHwakeup24)) | £OHE 19 Qs 1o =3 AI7E | 19 = =8 A7 Ha W= 191 £ 7] =8

= = s s = = ma mah

86,400 1,440 0.168 86,400 1 86,400 0.198

38 28 AXxE AFAR

ot
X
2
=5
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10AHS] HiHEIE 70%2] &2 AL AEF7|E AL ol 7|7 ALtxs oot
o}

e 30 60 120 80 240 (FL=Z=7]1360
(HEALZ=T]15 6.312 5.832 5.002 o012 2472 5432
10 6.012 5.532 5202 5212 5172 5.132

20 5.862 5.382 5.142 5.062 5022 4982

a0 5.812 5.332 5.0982 5.012 4972 £932

ol 5762 5.282 5.042 4962 4922 4 882

120 o737 2.257 2.017 4937 4897 4857
MAZET| O MEFT| 3652 A0 HE HAE(TIY mAh)

= 30 60 120 180 240 (F&37])360
(MALZT15 2,304 2,124 2041 2012 1,997 1,983
10 2194 2019 14932 1,902 1,888 1873

20 2140 1,964 1,877 1,848 1,833 1,818

30 2,121 1,946 1,859 1,829 1,815 1,800

ol 2,103 1,928 1,840 1,811 1,797 1,782

120 2,004 1,914 1,831 1,802 1,787 1773

H{E} 2|(10Ah) B 70%E 10§ AH|~ 2HO|Z AE(DHY )

= 30 60 120 180 240 (FL£Z=7]1360
(A =215 3.04 3.29 343 348 3.00 3.53
10 314 347 362 3.68 271 374

20 3.27 3.56 3.73 3.79 3.82 3.85

30 3.30 3.60 377 383 3.86 389

60 333 363 380 3.86 3.90 303

120 3.34 3.65 3.82 3.88 3.92 3.95

a8 29 A== AEFr]d e 87| ALks

A e A FF Azde obdl 2183 2ol g REH v 3L, AA=s=e} b
Hel 1o SAPEEHE 7438t wHg 2 SHEE Aol #FH He AL Alofstaz
sdaom, BAd AAxES] AY FFL AEEHE ol TFA sl ALTFOl A
0% FAHEE TG
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EfE 25

rdo

OH
o

=H

Hiof

1

A o]

HiE 2| (T H KA

w3 Q)5 A A (surge)ol] thak A=t

AA K5 7|(surge protectonE TAsSHATE 2 AFolA FAHAEH AARE

M| HET|

CREl
7t A7 Fe A% o sk 2o
¥ 14 HYE =E
FE v Ml
H == W) 10
A7 V) 18
AAHF/A) 0.556
7N HV) 21.5
TR F7(A) 0.62
15 AR RE7]
FE W& H] 1
Protect mode 2W+G
Operating Voltage 12V
Capacit 20KA/Mode
pacity 60KA/Total
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16 34 AEZS
2 - H] 31
A=Y o8 AFN) i
A 2F A KY) 3
522 E9)(0) Tw
iy ;
A3 21 27 (mA) :
LG 64 <51 X 38
oz CE/ISO/ROHS
£ 17 vl
g £l =
1 SH(V) .
20HR !
(1.75V/cell)
£ 2H(AH)
TR 4.2
(1.6V/Cell)
o
?+/1(2L)1) -
] & 2] 4=(mm) B :
=0o|(H) 5
Z=0](TH) o5
- 25
A FF A2" A 74 2g5y AxE 2H5e oo

B AFoA FA"E AA =T

T

Lol Ve .
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Al ESe]l Y &5 Al&=dl2 ok I2H3 Zo] Bdd Zedt v

e g ol SHAEEHE FAsH HEZz S

A sgiom, BAe] AcEdele] MY FFE AESHUE F3) FF ]
JHo2 FANEE THHYOH, 9% MAGugeel thE AolEdle] HEE

7] (surge protector)E T4+ th.

L A
iF
]
e
fot
N

98 28

DC
s ol

W .S-E- v
UES el E=0|

v

CDMA 2
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CDMA ®Hlo o] M Fa2 AlolESe] <%=4 DC 5VE CDMA =4

o B Aol FHE AclEde] AY FF Axue] 24 J/E Fa A

=
o
T

FE W& H| 3
HA=5W) 40
AAZ V) 18
A AR F/A) 2.22
7H 2 9HV) 21.5
W F7A) 2.58
19 HARD
Kiae) W& H 3
Protect mode 2W+G
Operating Voltage 12V
Capacity 20KA/Mode
60KA/Total
20 Fd HEEY
& W& H oL
dEY 8 ARA) 10
Al 2" 4 3HV) 12
2=/ S(0) -40~ +85
Q) 230
AHA 2=¥] A 7 (mA) 10
Aol Z(mm) 152 x 55 34
AF CE/ISO/RoHS
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% 21 9E g

= & H] 3
V) 12
20HR(1.75V/cell) 40
£ %HAH)
1HR(1.6V/Cell) 24
A ol(L)(+/-2) 197
2] % 2 4~(mm) Sl 165
=ol(H) 170
Z=°|(TH) 170
= ZFKg) 12.8
2 AFA FAE AclEde] AY FF Alad AA A 2Eg X" 2H5e oo

Tgel YER ATk

7/

a9 37 o F 1sd)
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tlole =3 H2=E-AA

E gl AAxE2

. 71E HE e 34 9

a3

A

A

7] 4, A

] =] o

o viElg R34V}

0
N

)

O
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A3 DC 12V x2 A EAAZ 24VolH o] Z 2

Z 480W, 24V DC, 20A &7Fo|t}

2k

HEE ddst], T 879 Wiz S22 AVIE ARD
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Bz oA Add drls WEHgR dAdE suol HEE, Hdsk Add =4 AE

HE AT A ALk, ARE A= AT 24Ve A

Abg3te] ARt wR/ 220V-E 7)ol FEA o ® ARESEAL R
d A FF0] 7he stalen, 53] AlolEd ]

IHE g1 & 5 A0

r{o

4
o
ue
rO
o
2
in
B

3. 13, AFE L, AT, T 5 71883 A 498 HENI == Ve g

& AEE BEAAEE AM Aol e Bgol Ho] Ue] BelA HAET) ol
o] %0172 gre.

B oATIME BY ASF0EE) U Bue 4% 373 ARl B mUHPL A /%
=, ol4kaleta, gmucl HolEE A4 Jbed MARE AxE ARe gtk W5e] Tz
A 44 AN ME NP AYHel THHES sgom AMxsE ¥E %o 445
=2 47 Asan. 9E el ANE THE L5E AAe) ol4sits @ NH3 449
= S0 A

 f

o

ANEEYgE Aol HLo] HE2 gt AT HEY R folg2 £3sta bo)
B 3 A4 A 2"O 7 Zighee T4 HAE =2 /st dth
g ole 3R AL A" Au7te] Holg FA EAL Zigbee ENo g 2223 A4

COMA® S 283t d4 AH=Z HdFste] Auor= <)

kel mUHE AN A2 A THEE A usid
AR A2Ee B2E HE 2R AFUSD PR AW ALF] AAHe] LT
gom A&How HrEJ ST Yok @G AP Az @A ol F3 o
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I3 51 8% 95 AA =
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19 58 AolE AAl 19 59 HlolE #f dE A" AR A

28 61 dolE £3 A% el gy

AU Z &Y S1](6CEA)
JYE=E HI) =R R |
A I ] 100 gy Pl Copy SV Excel PDF Print
P ED 2=1(T) A=1(0) 223(C) & =2(00) CO2(ppm) HHZ(ppm)
2013-05-31 10:35% 28.2 417 B15.1 27
2013-05-31 14:5% 336 oE2 1736.8 LE
2013-05-31 15:00 335 57.4 1325.2 5
2013-05-31 15:05 33.6 57.4 1899.7 28
2013-05-31 15:10 33.8 55.3 1966.6 25
2013-05-31 15:15 33.8 B 1965.4 23
2013-05-31 15:20 3 515 1968.8 32
2013-05-31 15:25 338 5.5 19719 24
2013-05-31 15:30 33.8 54.5 1971.9 23
2013-05-31 15:35% 34 50 19722 23
2013-05-31 15:49 341 L h & 1998 238
2013-05-31 15:45 338 562 1969.7 2.2
2013-05-31 15:50 34 23 1971.7 2.5
2013-05-31 15:55 34 53.E 1964.8 22
2013-05-31 16:00 M3 54.6 1574.5 23
2013-05-31 16:05 34 483 15717 2.2
2013-05-31 16:10 3.2 53.4 1362 23
2013-05-31 16:15 34 53.8 1967.7 2.2
2013-05-31 16:20 35 53z 1993.8 238
2013-05-31 16:25 M3 056 1957.5 24
2013-05-31 16:30 34.2 553 1966.3 2.2
2013-05-31 16:35 H.2 50.4 15711 23
2013-05-31 16:40 3.2 557 1571.4 2.2

29 62 A U AzE dolE Auls B2 W _ 4
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Al 44 Aol grRH FAH HolYH AF Ve A

1L 71& Add EFAME 88 9135 ZigBee B8
7}. IEEE 802.15.4(ZigBee) At 4 /8
(D TinyOS 1x7]vte] w4 fE&A | &4 % 73

@b Tinyos =4
oG] FYRNE T5FE RTEGOIAA BE A Fed AEAESE FAH YU

A A
- I |
in power send_msg {’q,r;-l:j_ad_s:?aa) | | msg_send_dane
vYVvVY =
zend_m=g thread el
Messaging 770

Companent , /

Y ¥

Tx_packel_done R¥_packel done
ini power pacl;r;
a9 63 WAAY AXUE

g WA ZEoey 2R WMo FoEm A AxYe ol e HASE P4
of ot AgHE ALdTS 7 EEE FAE AA HESZY M & EAU ARY AR
£ #8iA TinyOS+ CPUZF AMEEHZA &2 &2 FA BH=E So7H o4 a3 A
8 ARE Y F A} TinyOS7t AA| AA WESIZS Hx  #A, #2E 13 =&
o, "3lst= 87 AFE BFgshr] AsiA A B o] 2E o] &3 &8 ZEIMS wA S}
EvEga 2049 = sbsai

IEEE 802.15.4 ¢] standard feature(The IEEE 802.15.4-2003 standard):= c}g-3 2t}
= 250 kbps, 40 kbps, and 20 kbps AFEE A

» T UFA9] F4 BT 16-bit short and 64-bit IEEE addressing

= zo|zE e ol Untol2E A

= CSMA-CA g HI 75
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» EQA VESA FHS 75 7
= dolE HF Al ANYF SH 8ol
» AZ¥ RF 541 A4
» 2.4GHz ISM th9%9] 16x0d A<
» 915MHz Wi %9 10z
= 868MHz tig%o] ©d xd A<
CC24202] A<
= true single-chip 2.4 GHz (ISM th & Z A 164d)
= Max data rate : 250Kbps
» A AA RX: 19.7 mA, TX: 17.4 mA)
» (CC2420 [EEE 802.15.4 MAC hardwareE A€l 7I&. CSMA-CA| tigk F&-2 tinyOSel
4] B-MACe] &+ MAC protocolS AR&sA B

ofr

A

(}) TinyOS 1x71%te] AZE w4 AEZAolAd AA 2L 73
CC2420-& MCU$H-wire SPI-bus configuration interface (SI, SO, SCLK and CSn)Z <37 % o]

SPIEA& &3 &4<& 7|&2os 3ot

CC2420 uc
FIFO o GIO0
FIFOR Interrupt
CCA GIo1
SFD Timer Capture
C3n G102
-
S0 o MISO
SCLK l(— SCLK

13 64 Microcontroller interface example

Sn SPI Chip selectZ, SPI %419] enable/disables HHE dutd oz lowde|d o,
enableo] ¥ i1, High ¢ oj, disableo] €t} SI= SPI Busel Inputle & AF&% a1, SO SPI Bus
9] Outpute. & A&t} SCLKE= SPI Bus9| serial clocko.2 AF&E T mspd30 AlES SPIE
AEE3I= dA2E7E §17] W&o, UARTE SPI mode2 W73l A&-3it).

AAZ, ddk UART z7]3}ete] Ao]d-& SPI module disable/enable2 A|ojst+= & A ~E 9
dAure] itk (USPIEx) %718} Fof, 1bkdk SPI read/write functiong 7|2 o2 2A " o
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7HA FE o] &l A CC2420< AlofstAl vt 2H T8 59 d& vt Zth.(Zigbee

71%)

HPLCC2420.cmd(uint8_t addr)

» CC24200.& 3}te] commandE R Wi, 419 status ghk= wHSH
HPLCC2420.read(uint8_t addr)

o CC2420°. 2 F-E] 16-bit HA2=E] Fhs e
HPLCC2420FIFO.readRXFIFO (uint8_t length, uint8_t *data)

e RX FIFO F2%H lengthttg & WolQ 11, datao] A%
HPLCC2420FTFO.write TXFIFO(uint8_t length, uint8_t *data)

o datacl] AAHlengthtrF2] dlo]lE]E TX FIFO| 7=

CC24209] ==gtoly Z B-MACo] F+@% F-2 /opt/tinyos-1.x/tos/lib/ CC2420Radio ©]t}. Z+
TEEZ T SPISPISE FES o] &3l CC24209] A7} 7hs. =kolwolA 713 A
Sof dl= A& CC24209] power on, reset toggle

[[turn on power

call CC2420Control. VREFOnN();

/I toggle reset
TOSH_CLR_CC_RSTN_PINO; TOSH_wait0;
TOSH_SET_CC_RSTN_PINO;TOSH_wait();

T TS CC24209] crystalS enableAlZ) 0 24, CC24209] H&<S 93k H A3 =99
AR R CC2420°0.2 CC2420_SXOSCON(Ox0D o]+ commandE R U™ crystale] &2Fsit),

async command result_t CC2420Control.OscillatorOn() {

status = call HPLChipcon.cmd(CC2420_SXOSCON); //turn-on crystal

CC2420¢] send R+ AA F 7MAZ Y= F k. Ado] Cleargd wj7tA 7|the| o7t
clear¥l= it AE< st WA, A4 Zejol dAglel AEsts Tl

CC24209) receiveR == th&-3} 7o)
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async command result_t CC2420Control.RxMode() {
call HPLChipcon.cmd(CC2420_SRXON);
return SUCCESS;

CC2420Control o] mE°] %7]3}, TX/RX BX 3t RF power® frequency A2 3= 7|
2 eso] x3Eo Aok ¥, CC2420Radiow= &/4ldl ARG A olHA HX3 s =T
ol St

%41 g+=sendPacket(), startSend(, tryToSendOg<= TF& = o] Qit}. startSend= 44l

o
=

>

]

[¢)
sl 3R, TXFIFOO| $418 #1518 lengthwhE writedtA] @t o] 347t Z5EHW I
2=

o] FIFOIA $&571E 7|t

task void startSend() {
if (!(call HPLChipcon.cmd(CC2420_SFLUSHTX))) {
sendFailed0;
return;
}
if (((call HPLChipconFIFO.writeTXFIFO(txlength+1,(uint8_t*)txbufptr))) {
sendFailed0;
return;

sendPacket2 RFZ 7S Hul= <ot} tryToSendol| A call= o] AF&EH, x1do] clear
HE AFEE 3 AR

void sendPacket() {
uint8_t status;
call HPLChipcon.cmd(CC2420_STXONCCA);
status = call HPLChipcon.cmd(CC2420_SNOP);

tryToSend:= CCA¥ S read@ 2 uj, Highdelgtd, & x1do] clearslttd sendPacketS call

st A S AE3ta, Aldo] A8 £ o]zt normal operationS Al&siA 43y st
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void tryToSend( {
if ((TOSH_READ_CC_FIFO_PINO && !TOSH_READ_CC_FIFOP_PINO)) {
flushRXFIFOO);
}
if (TOSH_READ_RADIO_CCA_PINO) {
atomic stateRadio = TX_STATE;
sendPacket();
}
else {
if (countRetry-- <= 0) {
flushRXFIFOO);
ountRetry = MAX_SEND_TRIES;
if (‘post startSend())
sendFailed0);
return;
bl

tryToSend+ startSend’} 55+ Al A3o] Hh. = startSendo| 4] TXFIFOE -9
HPLChipconFIFO.TXFIFODone(¢] A3 =11, o] &<2tol| A tryToSendE A 3stA = o], FIFOo
writed #zlo] FAHoE HAFITh

rxMode= 24 =0 A o, &2 Fat)e] szlo] S0 9, FIFOPY interrupt7} A,
Interrupt7} LA of, FIFOP.fired 2= JEHHE 7 APsiA Ha, ol 48 A
< RXFIFOZ write gt}

RXFIFOZ #o] 25 E9] 2™, HPLChipconFIFO.RXFIFODoneOgh= $H A &gt}

3% 22 HPLChipconFIFO.RXFIFODone(

async event result_t FIFOP.fired( {
if (TOSH_READ_CC_FIFO_PINO){
flushRXFIFOO);

return SUCCESS; }

atomic {

if (post delayedRXFIFOtask() {
call FIFOP.disable();

}

else {

flushRXFIFOO);

33

return SUCCESS; }
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HPLChipconFIFO.RXFIFODone()o] A& 5w dlolE o 9jxa& A 429l lengthe] v
Z1& rxbufptr W3 ol =& rxbufptro] &Fo] == *data= TOS_MsgPtr o] F=A| WHE =7
of ZA nlolE W9 E parsing®l A AAHETH length7t 2% #AS wyA 1, oW CRC,
RSSI, LQI# S A &3kt

3% 23 HPLChipconFIFO.RXFIFODone()

async event result_t HPLChipconFIFO.RXFIFODone(uint8_t length, uint8_t *data)

if (rxbufptr->length > TOSH_DATA_LENGTH) {
flushRXFIFOO);

atomic bPacketReceiving = FALSE;

return SUCCESS; }

rxbufptr->addr = fromLSB16(rxbufptr->addr);
rxbufptr->crc = datallength-1] >> 7;
rxbufptr->strength = data[length-21;
rxbufptr->Iqi = datallength-1] & 0x7F;

(Th AlA A e]lx & USN A EZE A 7&
ol Z g Aol Aol A AH&EE WAIA FxE= Routing Ao A& += Beacon message(ADV) <}

AA HolE Mo AEEE Surge messageE U= 4 ATt

B i |e.1\;|-.1|§ | :.a.'m.l-:lnd:l' 1: '.t-:l.rI-:-. ]

19 65 WAIA T2

el "3 o] BeaconMsge} surgeMsgi:= MultihopMsge] payloadel Z3H=Eo] Qa1
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MultihopMsg&= TOS_Msg®] payloadell =3t FHol = 725 7FAZ dth. oleig Fe o
ANA= HAHE e F2AZE F3AFo AFLHT 7 E commandet eventAloloA Fauuks
7%= pointer Ao =2 HITL3oh

TinyOSell A= radios A3k dlolelol Tl Azl wAA FElE EFo= A&}
=4 o]A S TOS_Msgzhal g TOS_Msge] WAIA FejE AF&3tH MAC Protocolell 2J3fA 4
A 41 E F41A 9 packing ¥ unpackingS & 4= Qlt}. GenericComm #HXEZWES] SendMsg,
ReceiveMsg function& AFEE w] MessagelDE AANA AFEg.  SurgeMsgd H-¢-
AM_SURGEMSG(17)Z, BeaconMsg¥ 73-¢- AM_BEACONMSG(250)2 #tAlo] D2 AF-&3HT,

(D o EZA A AA

z-”'f = E-H"“'“-m
A sudConmml - DemoSensr” e
Py /_,-/ AL
i " - -
. GenencComm
] SOC 24200 el
Recei crl/

Application®] &2 =A Timere?} ADC, Send#-&S.& o] Fojx tt. Tiny0Se] B4 =
T 542 Command¢t EventgE FASE o]Fojxlth. o 13- SurgeTelos application®] =
ET74<S YRt
UEYZ T2 EF AF #AHAH Y& Surgencet SurgeM.nc, Surge.he]t}. Surge.nce
configuration®¥ 2  Applicationel] AF-8% = component®} wirings A eskar At surgeM.nc

o) A FALe T 193 2k
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TimerONE_SHOT)

Tirmer. fired

Timer(TIMER_REPEAT) [

Timer. fired

ADC. getdata

ADC dataReady

ADC dataReady

Post SendData

I

1% 67 SurgeMe] st EER

(mh AEFgAlA T&
A AIZHE F7|1E timer7l SEEHW A4 HlolHE 38t AFr(sendData)E queue
of AAsA At ofe) FEo|A e} o] =7} power onE™ StdControllnitOg<=7} A3 = H

Al initialize <= A 83t

X 24 StdControl.initgr<=

command result_t StdControl.initQ) {
initialize();

return SUCCESS;

}
command result_t StdControl.start() {

return call Timer.start(TIMER_ONE_SHOT, randomtimer);
}

initialize <=+ surge application-%&o T Q3 W4E 27|38 It} 1 F startd7F &
WA RFpower®}l randomtimer¥tse] timerE ONE_SHOTOo. = A3ttt A5 Timers
randomtimer®] 717t &<t ONE_SHOTO. 2 A3 = olfr= o] /Mo =&7) HolH HFshes
ANEE gz2A 39 FES 9saxl skt ONE_SHOTe = HAHH timerrt ¢87F W
ONE_SHOT®] &ej7} obd TIMER_REPEATE B} 2 timerE A A stA] Ht}.

TIMER_REPEATZ 2 A ¥ timer’} ¢&5= uwjnjcty ADC.getDataght<s= 4333t}
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3% 25 Timer.fired &<

event result_t Timer.fired() {

if (initTimer) {

initTimer = FALSE;

return call Timer.start(TIMER_REPEAT, timer_rate);
}

dbg(DBG_USR1, “SurgeM: Timer fired\n®);
timer_ticks++;

if (timer_ticks % TIMER_GETADC_COUNT == 0) {
call ADC.getData0;

}

return SUCCESS;

}

ADC.getDatadt7} 43=o] ADC dataz} A4 = Ao™ ADC.dataReady event”} A s}od
o8 #4334 SendDataE queueol post gt} Queueel post® SendDataQ= A& o] 9
& AR AP A At SendDataOol A= SurgeMsgd Ef o] BiHo] BEZ -1 AE3c)

(2 HE§ Z=EF 73

3/ - i-h e e ==k ——
- “
-

= —,

, T T Raue \-rl-u R ml il I'-‘ul-':)
g — .E Wlalii Hiop . |
Fe e - ‘( ___,-' Sk oniro I MmN "'\r Ik
I - —
aiie o e B

-\.\_\_\_lﬂ'\-ﬂ elds g
_ Sendhbyg 000

E Ao Minimum Cost Forwarding Routing Algorithm-2 LQI(Link Quality Indicator)E& 7]\
o2 3 dag]Eolx LQIMultihopRoutergtal ¥ st th route path FAdol $23 3Ue& o}
o 3o} 2ol 3MY Fdolt.

#A4¥ g EgE tinyos-1.x\contrib\ucb\tos\lib\MultiHopLQI ©]t}.
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¥ 26 MultiHopLQIel ##E s 2 &

g =y
LQIMultiHopRouter.nc AHARE AA 9 wirings B33= FY
AM_SURGEMSG ## wWA|R] A& g@dslal surgeol

. . [e]
MultiHopEngineM.nc A S sendBd dosh TEE 6] 9k
AM_BEACONMSG #d WAA] & - 41 g@33tar
MultiHopEngineM.ncoll A A g-3t= & A&
MultiHopLQLnc Minimum cost forwarding algorithm-& o] 3} ol
TdEo] 9o route paths AAsy U EYIAES

74

MultiHopEngineMeol| = AAZ o2 A8 s = R u= eventol] 93 %3} SurgeMol A
o] function& ol 23+ F2to] thEo|t} =3 routing paths A A3stE= 7]5S MultiHopLQI
oA FdetA "o

MultiHoplL G
|| Timer(ONE_SHOT) ‘ BeaconMsg Recv
Tlmer,flrecll l
TIMER(REPEAT) | Routing path set ‘

BeaconMsa Send |

Tim(zr.fir(z(l{
J1

T
'. .qetParen

( Request parent )

- ."/'
T SurgeM.nc

19 69 MultiHopLQl E2%

olz 1ol A9} o] MultiHopLQIol A& Beacon message % - 541& @335tA Eo} o] 3}
¥ beaconMsgE E3te] MZ & parentE A3t surgeMol| A 23 3l= parentE

Agdstes J4&e @It 2718 AAdA = dHeoly #Hzls s wHHE %273 &
AL H%t 4% H5E 27]38)F 319t Base node= PCe} AZAEH 7} Al
£ UARTZ A£387] W& AAlo] BASE_STATION_ADDRESS(0)-S 7}A Al

, Base nodeo]|™ z}4l9] parent= TOS_UART_ADDR(0x007e)Z A2 A3t U] HEE

3k #Fale] ID7F 0, & base node”} oY Z7] parent:= TOS_BCAST_ADDR (0xffff)S 7}A|
Al =3 Hopcounts= ROUTE_ INVALID(OxfD)7}F ®o. 18] UwWZA costE ZAARste HTFES
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Ox7fff 24 2 #S 7IXA I 182 base node’} old =58 %7]38}A] base nodeZ
B beaconMsgES WA ¢kE 3 route path7} dAlE 4 Qioh nitd7F £&FH Fo= start
g TE3H

Startgr<=ol A= randomdF AlFe] ONE_SHOTS #HejZ timers AAsA Hu o]=
SurgeMoll A ¢} upz7ER| 2 tho] =7} power onE AL w] F Al traffico] Y <
WA 8] $1%hol o

in
r
N

3% 27 Timer firedg<

event result_t Timer.fired) {

post TimerTask();

call Timer.start(TIMER_ONE_SHOT, 1024 * gUpdatelnterval + 1);
return SUCCESS;

}

A

§}L N,
o

2 F

],

ONE_SHOT&EH| 9] timer’} €+ %™ REPEAT &Efe] timerr} AT AHES
%57} =l TimerTaskd<4E Queueol| postgttt. o} 7] A4 gUpdatelnterval 32
Z timer7} $5F= F7]= 1024*32+12 1A HTY. o)== beaconMsgE F7|F o=z HAEFS)
NZHe AAsE FEolth Timer.fired event7} A3o] QS whulc} posts = TimerTask 3t
+ base node”} obd =7} BEACON_TIMEOUT(®)RFE-2] 314=%FE beaconMsgE A X3&hH
SEE nitgrrol Aot nx7tAl 2 27]83th &, base node”t obd THE =7 9% g1l
O& ot TAl7Fs WHSolA Bolx A Hol F¥H =527 E beaconMsgs 8H
W2 Fehe Ad&elh

=S ol A#:Gle]l  SendrouteTaskd<+E postg =24 route pathE AAHS 9
beaconMsgES RHUA Ho} AAF o= beaconMsgd %ol #al3t= SendrouteTask$t+ o)
®9} 2.

[0 K

o
=

N
)

o}-}
ol
rlr

of 1o i

2

X 28 TimerTask&<

task void TimerTask( {

uint8_t val;

atomic val = ++glastHeard;

if ((TOS_LOCAL_ADDRESS != 0) && (val > BEACON_TIMEOUT)) {
gbCurrentParent = TOS_BCAST_ADDR;

gbCurrentParentCost = OXx7fff;

gbCurrentLinkEst = Ox7fff;

gbCurrentHopCount = ROUTE_INVALID;

}gbCurrentCost = Oxfffe;

post SendRouteTaskO;
3

_63_



o]# A beaconMsg7} $4lo] A om MAC levelol /] ACKAIZE WA HEdH ACKAEE

o £y = sendDone eventZp A S}

=

flo

3 29 SendMsg.sendDone3dh<=

event result_t SendMsg.sendDone(TOS_MsgPtr pMsg, result_t success) {
atomic msgBufBusy = FALSE;

return SUCCESS;

3

ey

MultiHopLQI:= beaconMsg2] <Al ofuyg} FAIRE7LZ] Fdo| o] gt} = o
74 Z N2 parentE ZAASIA surgeMsgE %

>

2 HE beaconMsggE FAIE ¢
A ©th. =7} BeaconMsgE 218 S 79 ReceiveMsg.receive event7} A3t} =&
7} beaconMsgE F418tH 41 sourceaddress®} gbCurrentParentE H|usle] FU3}c}™A cost
H| 23k routingoll #HE WHEE HQUolEsty FUshA Kok dA 7HAAL & costet
1

HEES AASE parent® P41 3}

ol

N
Lo

off
i

|
"o} =3 parent7} AHAIRQD 74 $-+= initgt
271 EH 2 Zolzith. o371 A adjustLQletE $47) linkE A A3
= TAL ofef E9F o

£ 30 AdjustLQl

uint16_t adjustLQI(uint8_t val) {

uintl6_t result = (80 - (val - 50));

result = (((result * result) »> 3) * result) >> 3;
return result;

}

AdjustLQIgFo] E21e Link quality’} 242 =4 AAHE LQIZHS minimum cost
forwarding algorithmol] 9tA] @& cost= ARt &, 7 @2 qualityE Uel&= 038 7}
A =2 qualitye] 2557hA19] LQIgk<s gk A4bs 53l @2 cost2 WHBA7|= Id&E A
#t}. application levele] obd Multihop engine®] Z=wolA] SurgeMsgE 44l 33 S

& tiste] Awet, o]& 95t $4 MultiHopEngineMe] %73} H-E-& Hwgio}
EEEF Zo] power one] HH 4 StdControlinitd<47} &% 11 initialized+E =3}

9} & 319 ERES 27|33 A1t} SurgeMoll A surgemsgS A <%3lH MultihopEngineM ] send

0

=

oh‘.
oo
i

Lo

}4

ol
£l

_64_



sendgh<ro] &2H2 offsetdE ©]-83k TOS_MHopMsg —?_751] oA data®= AR e 2
°l& kil ool payload A°lE T3l usMHLengthE %t} 21 % initializeFieldsE &3}
AT WAAE 943 & selectRoutes &%, FFs|oF & route pathE AA T wpx =t
o2 WARE radioZ Ru A vpEe 3

TOS _MHopMsag

data

e offset{ TOS_MHophso, data) -

~* PayloadlLen
{3
[

l'"x l\__\q;h o
, {

1\
—\ e -

19 70 usMHLength &4

3% 31 RouteSelect.initializeFields &<~

command result_t RouteSelect.initializeFields(TOS_MsgPtr Msg, uint8_t id) {
TOS_MHopMsg *pMHMsg = (TOS_MHopMsg *)&Msg->datal0];
pPMHMsg->sourceaddr = pMHMsg->originaddr = TOS_LOCAL_ADDRESS;
pMHMsg->originseqno = gCurrentSegNo;

pMHMsg->hopcount = gbCurrentHopCount;

return SUCCESS; }

Aol M= At xol initializeFieldserell e HE3st7] g dolHE AT =T
TOS_LOCAL_ADDRESS®} originaddr, originseqno= wlo]Ejo] g7 =t} selectRoutedH4+
th2o] B route pathE ZAAs7] 93 3oln) =, parentﬁ Agstr] A Faolth.
o 2 Eof sourceZ} Y= 6 = EolA base nodeZ AMAHOIEHE A% = 5 =5 A
A 2tk olw] 5 xreo ALE  originaddrs 6 =& FA7F HE AHolxw

TOS_LOCAL_ADDRESS &= 57} ®t}. ¥heF X & SurgeMsgE Hulve A8t oA HuX
= 7% originaddre] Local address7t  ®th  line 353 HAAe] Hmr}

TOS_UART_ADDR7} ofd o, &, #4lo] base node”} o} Z-f-olth o] A seqnoE 1 F7}
skt ke z4lo] base node¥ A9 seqnod: ©1E ZHav) 047] uj Fo]t}. 1 & originaddrat
S =2A ¥l¥ = sourceaddroll A4l TOS_LOCAL_ADDRe @il AA wWAIA Y addr, &, 4o
Z BU Aok addroll AH4le] parent addressE YW=tk THeF AH4lo] base node ¥ 735l
TOS_UART_ADDRe] E°]7IA] Et}. 61 == A $-ol= addroll 5 &9 F471 o3t

_65_



o
Ay -
210 |—] i
M.M . | _ 1 Mo MM AT dﬂ Ee wx
Gy sl j S R
q4 W  [OTITTITIT ] 1 o X g T &
mw < £ _ = ¥ 2 HW
.WJ HOI_- W m nﬂu o) WM E % 1&. =
7 X m oo A o= T - o= &
- " ofd) G ﬂ.E ﬂu Oﬂ m_._ ﬂMI w
M.._ EE b Hf/ .N W.JUJWIJ%\ _.E WT ﬂm T O.* 4.%’
1 7o) ._."| [y e |_ = !
3 E_ . , ﬂw R R Sl
s s S e ® oo = A
%@ - U < al & Wmoz]f m_ﬂmM
e & = N wn 3 -
Ho W_H . o U,L.ul_ﬂrbe; oy P g - = w
5k 5 il w G g
- N — WL | doreg | T JJ o) n X >
‘a ‘I” 0TSE'0 L OF T C,._ II_AI ‘a Q EI aﬁ aﬂ
U_.E :.;E s T . ‘Ol ﬁ m,._ » == 1
T ™ VL - ° p < o X
B oz R E W w
PTEINC) o o PR F
- A 8 T B
T O me s oy I
i m ol = ﬂ H I o % . < Dm
- G oom Am Jn <o a T 8
»AO e (D) N Q . Ot L _ rOl
ar B g E o gt M T s ¥y
WA_I o m _ 1~_/l B Ot o i LS H._L %w
RS = S Ty
CI 5oz u R Rayloe
g " oK e T o] X y .-
Ho ol 7o - dﬂv_ o NI o = ) g O
25 : iy B2iFT
;ﬂ.¢mn - Eu@ ﬁﬂﬂ;lw_
B/ ‘i, X 1 i of =l T T E._ X
& N W o oo 5, o M
e it o P op O
oo - ) o - T ol
o) ~ oo go B el X
o o} ! : I~ WoE o
M @o E Hl,.u T %o T Y =
ﬁo o Mo o

- 66 -



Parameter Condon | me | o | max | Unids Pamnmeter Condion | min | e | max Llnrhl
, a4 | 005 | 005 | %A , 00 [ oo [om | o |
8 | 12| 12| m | w2 | = Bt |
Accuracy ¢ fypecal 45 %AH i peal | 05 b
{EHT manmal o0 Figure 2 ST maoal | sen Frgure 3
 PP— typical [ raa] %AH 1 bypical [ 204 | o
iSHT“ ruimial s Figuns 7 iEHT" r::n.m.'l' may Fgune 3
heciacy [ [+i0] %AH [ceumer [ [s03] B
{5HT 15 mamml 500 Figure 2 |3"|T15 e s Figure 3
Fperatabdiy 401 WRH Repoatabity | 01 i
Fhid - SHH | 0 e ¢ |
MonEraacity  [Bneanzed <l SHH chicdh I =8| F |
Jﬁmmemﬂ £ (%) B B |Responss Tma ¥ [r (B3%) | 5 5|
Dperabng Rergo L 00 | %AH |Long tem dd =0 ‘Chr |
Lang term del * | nomnal =05 WRHyT
L =50
FER
T . ,f"f
E L g .
\l\w - - - - .-"’--l
g u-\\_ HT11 /7
#3 EHTTS
= . =00 v * v
0 W X X M4 W Td W W OIN 4 @ 0 W oM & B 0
Relative Humidity [RH) Temparsturs [*C}
Figure 2: Mammal B8 -lolssnncs al 25°C per tensor fype Figurs 3 Mammal T-lolerancs per sencor g

19 72 2554149 Sensor Performance

NG 5% AlA 9 Electrical Characteristicse= obefje] 283 2t}

Parameter Conditions min | typ | max [Units
Power supply DC1? 24 (33 | 556 (| V
measuring 055 1 | mA
Supply current average!! 2 28 HA
sleep 03 ] 15 | pA
Low level output
voltage lor <4 mA 0 250 | mV
High level output
voltage Re <25k} 90% 100% (VDD
Low level input i :
voltage Negative going | 0% 20% |VDD
High level input o )
voltage Positive going | 80% 100% (VDD
Input current on pads 1 MA
4 | mA
Ouiputcurrent
Tri-stated (off) 10 | 20 | pA

Table 2: SHT1x DC charactenstics. Rr
resistor, while lov is low level output current.

stands for pull up

a8 73 &5 =449 Electrical Characteristics
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L& AlAe B4l e o]~ 12C protocol o] AFEEHM, o] MCU2 GPIO 271¢] #3}
two-wire2 A= o], SCK line®.E& MCU”} sensoroll €A% £x90] F22 A3 AlAd
HojFA ¥ a1, data line2Z 12C protocolell Bt dataEs SCK 2153} 57185 2 Yo+
HA, AAE g Z2EZ e JRE gA SCK 2ls F7|slol] 2t data lines %3l
MCUZ HuWA|A "Ath. MCU= A4 WH< calibrated & BAZS S83S o] AdAE 5
3 2= % FE#S =% s do.

otgf o] 1HL AA AZ AL A A FE= AAA Y dRolt),

= Q-5 ¢ +1,-S0y +RH

limear

SOry t tz
12 it 0.01 0.00008
8 bit 0.1 0.00128

O3 74 &5 5 AAe RAZE AL

(2) olAtstera AA

2 ASS WEE 2l & 4+ % TSk oitsea ¥
HANA A7 olqkstairt TASH Hm =l ASAHEE &83t7|d= FEvt gle
oj4tsletAE A stA Hrh

2 AT HF AAHT o]iseA AlAE COZIR CO2AAME AMESATH & AlAE Oa
HAHE@E.5mW) 175 CO2AAMZ, e g2 5235t A&, £EHE 7]7] 2 HVACo o]43 9]
. GSS¢| IR LED$} Detector 71&3 A&l FsHEAE 7|Wte = COZRE S4%99
NDIR AlA & 7}&3ttt.

= AlAe] 1% gl dimension & ofef o] 1™ o

19mm

9 75 CO2 AMAe 99 19 76 CO2 A9 dimension



olzgf o] = B AA Y specificationsE VERA T

3 32 CO2 AlA 8] dREALE

Warm-up Time < 10s

Operating Conditions 0°C to 50°C (Standard)

-25°C to 55°C (Extended range)
0 to 95% RH, non-condensing
Recommended Storage -30°C to +70°C

¥ 33 CO2 AlA 9] Measurement

Sensing Method MNon-dispersive infrared (NDIR) absorption
Patented Gold-plated optics
Patented Solid-state source and detector

Sample Method Diffusion

Measurement Range 0-5%,0-20%,0-60%,0-100%

Accuracy +70 ppm +/- 5% of reading’

Non Linearity < 1% of FS

Pressure Dependence 0.13% of reading per mm Hg in normal atmospheric conditions.
Operating Pressure 950 mbar to 10 bar?

Range

Response Time 4 secs to 2 mins (user Configurable)’

Reading refreshed twice per second.”

E 34 CO2 AL WA HFAH B4

Power Input 3.2 to 5V. (3.3V recommended).
Peak Current 33mA”.

Average Current <1.5mA".
Power Consumption | 3.5 mW*

¥ CO2 AME UARTSA AEjs|o]~8 Sakel 24
Ast B2 S 2dAG) B ZHeRE TA 5 ok

o
4o,
2
il
e
o
pos
o
ey
ro
)%
b
=

(3) &EYo} AA
UEUols Hallgd To= A% FojAAgolA TAL &7 = 7IAEA B AAY 58
Hals dde A3 842X FATH ARRE EYot AlA = WA Tl AlA QL
MiCS-5914 A A7} AHE Hot B AlA o] yi 742 MG 9o gF2 sistEd e HEo
dA Qa1 sE7F 7tEEYE 59 3stEdo] &3} o, s 7h2ef v A3 7F |
st ROtk AlM e SR RE Y
5, EDS 2 43 5 BE, 2837t /M5
2 AlAe] 9g 2 dimension & offe] 1Y} o)

rlo
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19 77 NH3 AlAe 99 1% 78 NH3 Al A dimension
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olo] Mual o] B AAE YR A3 3|E7} A8, DC5Ve ¢ o=
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% 79 NH3 AlA 9] 38 74 3= 9 80 NH3 AlAe w5 Aggusx
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VCC_+5V
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821, = > E 22—
B8
ST
B
o2
5]
101Kk < od DOu 1
mics-5914 ‘1‘\1
931 562K
R10 R11

1% 81 NH3 74 32%

9 3 Z=9] R11S E9ASHES MCUS AD ZEV} ARGV A= wskstr] 93 A
PEHl Aoz et BHES MCU o HeojolA Alttste] HFAQd 4 dsbes a4t

@ F3F4 AA

Fgolriae dryotst nyiAZ HilF To2 Q3 RugHoH FAT AX7 U
ZNAzA B Ao #E yiF: dde 9% 2424 FAG AMSE FI5A A=
SENKO$] SS1198 Al A7} A& H T},

B oAlA e 538 AR, #He, steAEAd, A, 34 BUEY 59 £ 9 A
H= Aotk e 28 2 dimension & offe] 1 Z}

Form gasket
(Silicon pad)
! \
@
o
..H
w0
= © I
20205 | U0 45
SENKO labe ?Iﬁg— 1
TOP view SIDE view

1% 82 H2S Al 9§ 1% 83 H2S Al A 9] dimension
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mLo A

i

2 AA e SALAE 9] NH3 AlAel vl=3t 3|E 2o oJg A3zt WstE S s5HA
w, IHkZ Q] JF2AAM = S| ERFAo] o] ALgE T} AlA 9] specifications & ofe] 1H
Sensor Type : Electrochemical sensor (Amperometric type)
Measurement Range : 0 ~ 500ppm H:5 gas
Expected Operating Life : 24 months and more
Output signal : 0.60 &+ 0.15pA/ppm
Resoluticn :  0.1ppm
Teo Response Time ¢ < 30 seconds for 90% response
Output linearity : Linear
Bias voltage :  Not required
Temperature Range :  —20 ~ 50 T
Pressure Range :  Atmospheric £1
Operating Humidity : 15 ~90 % RH (non condensing)
Long term drift :  Less than 5% /vear
Weight :  6g
Storage life © 6 month
storage temperature . 0~20 T
Warranty period : 24 month
N, B. All performance data is based on conditions at 20C, 60% RH, and 1atm
1% 84 H2S Al A 9] specifications
B AlA 9] Standard operating circuit & ofgje] ¥ Zom, FEHE AYS T3 I=E
ol g3 FZslay FEZH AUYL AD LEE o] &3 dgut=t}

58571198

9 8 H2S M4 el Standard operating circuit
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5 &w AlA

A 9% HFY Aol BT BEES WS BPHOT ZHS) AP LaRA T4
Ak AL 22HAE TE2SIPSEN A4 AL ok BE] £SAME o 1-25Ve 4l
(EZDAGe 7EoE 4gHE Leld weh 2HAge] IMEA Hi wE B AAE
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W Holl= %71 LM2904¢9t mho] S 7] 2314, , PolaZ=RE Al d aFy AS
£ ZEYstL, a3 AP 4 Ao 3tk S8 dEd 499 #Ed oy, B
Zogk As wds st f8l, oY Ase BE Uil Fule SHEo FHY Ao

B AA e 92 ofefe] I Zh

Item Min|Typical| Max |Unit
Voltage 35| 50 10 [VDC
Working Frequency 50 - [20.000| HZ
Sensitivity -48 - 66 | dB
Signal-to-noise Ratio =58 dB
Output Signal range D|g|ta:§2|g?al &

3 86 AL AAL 9 g 87 &% AA 9| specifications

6) A AA
FA AAXE B8 AZAAAA B 8, B9 21 ZF 58 /MEse SN FS
2 AgET A" EAAAE ANDiit 9] load cell AA 7 A& A,
#e] 3tFo] Z71gto] wet load cell HAAY WHEHS Ao AR
Wb, B Ao AFREE ZAMA £33 dukA ol Joad cell ¢ Y
B Alxel 93 2 dimension & o}ejel 1y} 2.

(¢
¢

(N

13 88 FA AlAel 9 1% 89 FA AlA 2] dimension
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W 4 AN 27 AR

Q) &5 AAe A4
A z7]o+= CHIPCAP-L/Module &
o] ¢33} dimensione olzje] ¥}

Q2T
T H

2y,

19 90 CHIPCAP-L/Module

All

1

e A 4A AFo g A%y

A& AH&3tr. CHIPCAP-L/Module

RN ol
1:‘!

¥ 35 CHIPCAP-L/Module &%= AlA12] Spec
G Specifications
RH Sensor Planar Capacitive Rolymer
Arss W 0~100% RH
AUE +2%(20~80%), +3%(<20%, >80%)
Ad= 0.4% RH
Temp Sensor Integral PTAT Silicon Transistor
P SR -50~150C
s A= +0.6C @ 25C
= 0.2C
g4 B3 12.5VDC, 100 A (15VDC, 60s)
A A HAdEa 3~5.5VDC
AFET 500 microamps @ 5 VDC, 25T
£9 Digital Manchester 8bit(RH)/10bit(Temp) encoded
=2z -40 ~ 85T, 0~100% RH, non-condensing
2ETA 4pin connection : +V, Gnd, Rhou, Tout

CHIPCAP-L/Module &
oA 7T MAZ FAF
A EHNOR T4



MCU¢| ADH & Faf <t

@ 9lE 0~1VDC o]w,
AL o g3tel A
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B A4 e A% Specifications & o}l 9} 7.

¥ 36 CO2 AlA Spec

Id5 Specifications
=) NDIR (Non LDispertive quraRed)
Telaire53] : ABC LogicTM
SRS 400~2000 ppm
500ppm = 35ppm
yu= 1000ppm a2 75ppm
1200ppm +90ppm
Sl A A (159) 5 FSel 2% old
S HAIZE 2%, 90% step change typical
271715 QE (7] 71%), 10+ HE=E =9)
R il 0~50C, 0~95% RH (Non-condensing)
23z -40~70C
dHd 5 VDC BFE A/ (£5%)
#4395 Digial UART@ 19200Bauc
A2RAY Aol 0.9 watt / H+ 0.165 watt
7] 57.15 mm X 34.67 mm X  15.24 mm
QI E]H o] 2 12934 :2.54m) YA, St v ZE

2% 97 O Telaire 6613 CO2 Module 23+4 ®H~E
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I 41 2w AE

parameter Test Conditions(VCC=3.3V, 25TC) Current Unit
TX Transmit max. Boost mode enabled 45 mA
TX Transmit max. Boost mode disabled 33 mA
TX Transmit min. Boost mode disabled 23 mA
Transmit max, file transfer
= @115.2kbps 4 mA
RX Receive, Boost mode enabled 31 mA
RX Receive, Boost mode disabled 28 mA
Idle Not connect, Receiver off 9 mA
Sleep Interval(Sleep=1000ms, Wake-up=5bms) 2 nA
Power-down Shutdown-mode 1 HA
Reset Quiescent, nReset asserted 2 uA
¥ 42 ADC A%
parameter(VCC=3.3V, 25C) Min typ. Max Unit
VREF 1.19 1.2 1.21 V
VREF output current 1 mA
VREF load capacitance 10 nF
Minimum input voltage 0 \%
Maximum input voltage VREF \%
Single-ended signal range VREF A\
Differential signal range -VREF +VREF
Common mode range 0 VREF
Input referred ADC offset -10 10 mV
Input When taking a Sample 1 MQ
Impedance When not taking a Sample 10
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o |
o | |
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u | |
o u
| |m u
| ] | |
| | | |
L ] | |
EEEEEEEN =

_95_

2% 133 IE H o]

[>

T4




Device Diagram | B0y 9w 4 so0)
b . i 30
o ProBee-ZE20S wel | *4
3|~ =l
(— 7]
Y | [~ ]| ¢mm) :
24GH: A g
5dBi dipole ' ARM Contex-M3 J— :
3dii dipole cru < = o
1diBi stub ]
OdBichip A Infeerupt il
o || S || <JnT> e
s ||| e <Lm >
EM35x :
o aza o S ML o0 T 1
[TITTUTUUTITIT Lees
19 134 Diagram 19 135 9F 474

U AAxE BHE AZ}
B AFoM= 7]1E0 MEE Zighee F8& 7&S HESIY A= E AP o A
H AAese] AA yge oS3 Ao

D 3244
2 dTAs AMEE e f8) HelE 4 2 SAd dolEe dAHH TS TA

o2 I AAE ¥ sNoH JREE of I Zoh

Fiz g
Lz
FIISAF
VOC_#12 5 E
I ]
<
1 ’{ 2 l
I 5 it % L cia
= 100F T twoaF
o Ak oo 3 5514
= SWKERYIDH A
| LED sl
= “| ns =
o 45V
Lz
AP1ITERL VOG 43 3
v |2
woUT
AD.IIGN:‘;-T

a9 136 A= A9 9@ LED 53 4] 3=

_96_



' GPDEADCT
" GPIOADCH
y GROTADCE
124 GPDAZADCE
GPI0iAADC |2 GRIDI3ADCA
GPIDI4ADCS [ GADMUADGS
D [
D[ < |Em R
GRIDISSTALED
GRICISPONLED
TRESET
GND

01
02
(e GRICECTS
s Z| GRIOLATS
[E] £ GRIosMDS!
05 GRIEMIED
— PioTscik
o 12 yoCia_av
e 130 GND
VG 23 3 GED
b2 =}
gEke
| LED_green
w
os VCC_#3 3V

+12v LK
HEADER 13 . HEADER 1D IS
o
T 137 el 4 2E 2 Qe 1EY Iz

GRICIAADCE

B =13 cia
i 22K I DETF
i = =
=5
vee 433V :‘:gcﬁ 2 =
i— Faar E i ais L cx
o 23K I COIF
c2i ADHzE = ==
g o
a9 138 dE ol e =

2 AL E I A JYE&e nieg o PCB AZE 9% BE ujx &
staom F3E AAES ofd 19 2

_97_

ArtworksE 43



‘m0000000GCGO - HEEE . .o o et
F 0000000000000 SOOI XX X
"OE .-E poOOoOOO - > ;
. o . '_-.
.o @ B .Q000O0:"
‘' l l “mn
- F 'llllllll LI
.o K l- : :
) (o] . 0000000000000 ',._..‘.....,.......l
. O mmm B O ... - - .,
o ll EEE.E. O U . @ '
. mooooooooo OO0 S meeo ®» @

% 139 Top View

w 0000000000l FEEE Esss00S . i il f229220000000

GELIFTO] R a meuee HH- E@ i

S8~ | mooo | | BEE 3 cmalT ®

B .Eﬂ [ [T X TN O

UH SENSOR N B (] o é OO
= | 1.0 & "E@E E 5 mum I e

o N > o (M [ i ey

ol. 0000000000000 e &2 33 E@E}jg'

o III E @ EE > [ sscssececsnee

o lﬂ =1 omm - g = e

" «mocoo00000 S "gE.. RS -'

@ mecceccscece meo ®

% 141 Assembly Top View 19 142 Assembly Bottom View

(3 AX== AF
2 dToAe EE AR W 34 ZUEHAE S AT AAkE
s PCB =S A#siion 7dd WES ool 1do= ye

5| 2479} olEH S

)
32 ru\m
£ o

Frofes ZE208.0C vis

0000006CES

V329000000

§LA JO-s0zEz esmolg




ot Holy 3 dFs Al=H

re

Aol Aol ol #3 e AzPe AM-SeA FAE WE e &/5E, o4l
slebA, hm Yo} HolEE F£sla, dF A HolE < ®A s1F™, CDMA to TCP/IP &
Kl

Sl ME EUEE A=dloE HolE Fdl FE Axdloz T3

-~

i
-0
e
=

E
.l
HE
ot
e

DC
HE DCfu g
- o -
(= =]
THEZ AlojEglol |« HIOJE 44l LE
=a | | o=
Hjof ! H o |
HiE2|(EE &HED COMA 23

N

% 146 Holg 3 A A)2" FAE

h=4 [e]

(D AlEH ]

2 Ao ALH AolES ol CS-RT61 R =ZA LCD7F dAF o2 FAEH o] AA o
Hold @ o HolE $54 FEE el @ 5 gor), ks Fule] AE ol st A
of thgmolA Hold 4 A AN AEHI Ut AFolth CSRT6LE thayst P

=2 (RS232/485, 4~20mA, pulse, 0~5V )&= AlA Hlo|EH =

A

=
&

THIVEI AR A E] 7hes)
DO ZEE &83t 9F 7]7] ON/OFF A= 38 4 Q= Ao},

=3 LCD7F gAlE o] @R oA Holy RIE /M5 AFo=E oed 2
33 gJTh

= Z4F AACA E9E= HolH +£H Y

= 7]7] ON/JOFF 8] AR 43 7%
= 9% 7]7] ON/OFF Ao} 7|5

ol

rlo

7%

o

H

_99_



dlolg A7 31 AW %

7%

o

= dA Ao HE FA 9 '4?4 7%
¥ 43 CS-RT61 Specifications
TE W& H] 3
Input Power +12VDC
CPU Atmega?2560
Memory 2Gbyte(SD-Card)
Enclosure 05T steel
Mounting Wallmount
Power Consumption 5W (typical)
Indicators LEDs
20 by 4 CLCD
DI 3P 0712VDC Count #-& 2P
Al 2P DC 4720mA/ 075V
External Interface DO 1P Relay(MAX 24VDC 1A)
Serial 3CH RS232/485
Power DC5V, DC 12V Output
(b CPU
CS-RT61 A8¥ CPU= ATMELAFS] ATMEGA2560 8-bit MCU =EEolH, 8%
ATMEGA2560¢] 574& tha3 2.

= High Performance, Low Power AVR® 8-Bit Microcontroller

» ZFAdvanced RISC Architecture

= 135 Powerful Instructions — Most Single Clock Cycle Execution
= 32 x 8 General Purpose Working Registers

= Fully Static Operation

= Up to 16 MIPS Throughput at 16 MHz

= On-Chip 2-cycle MultiplierHigh Endurance Non-volatile Memory Segments
= 64K/128K/256K Bytes of In-System Self-Programmable Flash

= 4K Bytes EEPROM

= 8K Bytes Internal SRAM

= Write/Erase Cycles:10,000 Flash/100,000 EEPROM

= Data retention: 20 years at 85° C/ 100 years at 25° C

= Optional Boot Code Section with Independent Lock Bits

In-System Programming by On-chip Boot Program
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True Read-While-Write Operation

Programming Lock for Software Security

Endurance: Up to 64K Bytes Optional External Memory Space

JTAG (IEEE std. 1149.1 compliant) Interface

Boundary-scan Capabilities According to the JTAG Standard

Extensive On-chip Debug Support

Programming of Flash, EEPROM, Fuses, and Lock Bits through the JTAG Interface
Peripheral Features

Two 8-bit Timer/Counters with Separate Prescaler and Compare Mode
Four 16-bit Timer/Counter with Separate Prescaler, Compare- and Capture Mode
Real Time Counter with Separate Oscillator

Four 8-bit PWM Channels

Six/Twelve PWM Channels with Programmable Resolution from 2 to 16 Bits
Output Compare Modulator

8/16-channel, 10-bit ADC

Two/Four Programmable Serial USART

Master/Slave SPI Serial Interface

Byte Oriented 2-wire Serial Interface

Programmable Watchdog Timer with Separate On-chip Oscillator

On-chip Analog Comparator

Interrupt and Wake-up on Pin Change

Special Microcontroller Features

Power-on Reset and Programmable Brown-out Detection

Internal Calibrated Oscillator

External and Internal Interrupt Sources

Six Sleep Modes: Idle, ADC Noise Reduction, Power-save, Power-down, Standby, and
Extended Standby

I/O and Packages

54/86 Programmable I/O Lines64-pad QFN/MLF, 64-lead TQFP

100-lead TQFP, 100-ball CBGA

RoHS/Fully Green

Temperature Range:-40° C to 85° C Industrial

Ultra-Low Power Consumption

Active Mode: 1 MHz, 1.8V: 500 «A

Power-down Mode: 0.1 xA at 1.8V
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(b LCD Display

B AAo A o] Gatewayw FARONA ] HolH A F3H AF Il B 74F FARTE 23]
LCD DisplayE Q#1843+ CS-RT612 43+ .<m, CS-RT61¢] LCD Display:= CLCD420-B LCD
Display 2 &S &3} o, CLCD420-B LCD Display =E# FoAYS 1983 Fo] Ve
Art.

1% 149 LCD A9 a3 150 LCD ¥4

3% 45 LCD EE9] FaAY

o) ZA4 | A9 | Back Light Back Light Color Size 7€k
AE | 20 by 4 I’C LED Blue 98x60mm | TEEE

(th CDMA =49
B AFo s AlA HolHE F£35te 444 s AMZ deolgE T4 AEstes Al2H

o )
Agstaat stgom, Az B4 A% e CDMAS #83ke] CDMA to TCP/IP 2]

=

E Ao Hg" CDMA 2Hleo] 542 o3 2t}

= CDMA Module (CDMA 1x RTT)

= [S-95A ¢} IS-95B, IS-2000 Release 0 A

= AR FI O 800MHz e

= Chipset : Qualcomm M5100

» Standard RS-232C Interface =€

= USB 1.1 A ¥

= Voice(8K EVRC, 13K QCELP), Data communications , SMS(MO/MT) A1
= R-UIM A¢ (for R-UIM applied region only)

- 103 -



)
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= Walthdog Powe:

I 1’,‘! EAR Jack
-
‘:d U.Ei.E Ireerface
Embedded
LN &0 pin :—:1 o R Q—,* Senal Inteace
CDMA 3 nsc |
/| Connector
Module - | =
8 :| e -.{ LED Cararal I
:{) Watchoog Desace
Masie Py — 55
T [ Msin Powes

7% 151 CDMA &3 %

¥ 46 844 54
g & & H
At EF= 5% T 95%
A= -30C ~ 80C
A -20C ~ 60C
A5 1.5G peak 5 to 500Hz
3 47 H/W &4
I E IR H] 2

CDMA Z=2EZ=

CDMA 2000 1xRTT

Traffic 300mA
Status Idle 10mA
Sleep 2mA
IF 4171 IFR-3000
IF 5417 RFT-3100
MSM FHA A7 MSM5100
A o] = 54 RS-232C: dlol& Mulx (7124h)
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3= e s
F 24 =l 8
AH 35 A9 0.2W
Fos w9l 824.64 ~ 848.37MHz
=g oA T &} FupgEo A +300Hz o] Ul
FA A< 20 <
FA A3 1174 1.23MHz
A T W F 1.25MHz ©] &}
W2 HRA) PLL Synthesizer
SR R Fupe 954 ~ 980MHz
z7F =34 130.38MHz
T ER R OQPSK
T iz 50R

5 & H| 3L
A2 779 & H =kl
Fa H9 8869.64 ~ 893.37MHz
FA A 20 A
FA Ad 14 1.23MHz
A T o9 F 1.25MHz ©]3}
1o PLL Synthesizer
o5 2z Fukg 954 ~ 980MHz
3t Fo 85.38MHz
Az H2 OQPSK
BRI ke 508

2) "ol 3 dE A=" Az
B dToMs A8 H2EE AR HolH ¢4 dF A="e Aztslon Ad ol
B a3 A A" WeS ool 1l et

) B

o

a9 152 "ol =3 dF Ala" dAE) 2R
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dole 3 Ad A2 § a7 o] IA AR L ARz FARAG HAdRE &
HAY 7] 7hestes HdF B A="S A8ttt B3 B A= A= A
28 AR EWE A"l dAAsa I EF glolo] B HAF wHEES 8ot 3WFS
2 E0 ¢ ARG A AAstEF A S FFols A0We] Bid 2Eo] AL
e T AES Heple AFste] AAsilon, BgF RES] AAYE 9 G 44
AL, BEE ol FEF AAste] d¥ T HPFF TR ZEol MM =S ST AR
© FEEgGoR R Ao Fr 3l dY ARE HIsto] Ao FAFNME AT ES
SHATh S FEZIS AAH St S CRHES o] &8t vt on, FRHE G ol
= AARZY], SUFHEESY, wWiEe, 42192 7](CS-RT6D), Zighee FH&FA =&,

CDMA ®xgjo] x50 M=z dA FHUth

2. AW BUHY A2

B AT dE A ZYEEY Al2E sirEke] YUY AIRFo R AR TME Al
AM7F AAE o] B4 HolHE &1 & Atk AW EYEHY A2"elM e RYE P

=, olashea, Rl HolHE RUHY @ & glow AX8 Ak 7 A F7h =Y
B30l ss=s Austat

=, SHARE AGAIA ATH] Askel 14H X HolEF AAste] EEsHE A
Ml AFET AL B AW BUEY Azde] sw 9 ueg okelel a¥el uehach ok

g e 2791 oS D) PASSWORD ddaked H&d 4 3loh

11

PASSWORD

u-IT S-SENS U 2Frs 29 M 2 Vs JH =

[ZLIHE A28 ]

a9 155 219 3

ol e MFHo e Rt FHNARE AT om $ZoE A2 AAE 537

d F HolHE AYgZE HoFa o,
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EPAO|Eo| & A7 Ao VZAHRE FTtolAl AFstAaL, I 713H FHAE #HY
HolA = AAstAtt.
Joaes

x 1
€ = C # |[:bee-portalucsitcokr/indes dos 20 =

T of upat AojE27

WEHaar b ] AR SUER

e
8"‘4'
T

2 Loac bo emo unzag
LR P LANOE E- o e = B b
AN AT PEE ¥ S LA 4B E g : =28 azEln

9 164 XA}l ES] 7| AR Au] X~

6. #4 AA HEHI N2HE S 7l AT

7} 71 74" USN mEdo] &8

6LOWPAN®] AR8¥ OS= TinyOS-2.x0l™ of&EgAleld TS #std ted 2& 23
AEIH O] 25 AHEEIH, o7]olA F 23 UDPClient QlE|H o] 29 Fx&= ofje] 83 2

Modules and interfaces

= [PC.nc - configuration, used by the application

= [PP.nc - module with the implementation

= UDPClient.nc - interface used by the application

= [P.h - included by the application

= [P_internal.h - used only by IPC and IPP
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UDPClient (UDPClient.nc)

interface UDPClient {
command error_t listen( uint16_t port );
command error_t connect(const ip6_addr_t *addr, const uintl6_t port);
command error_t sendTo(const ip6_addr_t *addr, uintl6_t port,
const uint8_t *buf, uint16_t len );

command error_t send(const uint8_t *buf, uintl6_t len );

event  void sendDone(error_t result, void* buf);
event  void receive(const ip6_addr_t *addr, uint16_t port,
uint8_t *buf, uint16_t len );
¥

1% 165 UDPClient 21E]#H o]~

Receiving a packet

B2 15,48 Gilgwpan Blowpan/IPuh Pl uoe Applicatan

|
Receive |
Eceive]

iowepan_irpu| |

[
[
[
|
[
[
layerd_jrgu{] L
1

ipvE_input_.. {)

udp_input_,. {]

LDRClient
recee| |

13 166 Receiving a UDP packet
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Sending packet

Agplication woP LDF IPva Elovpan A0z 154780

| |
| UDPClient |
sandij

udp_cuput_ ()

ipwE_outpul_.. [}

=t

| Dot sendTask() _-..I::]

|
|
|
|
|
|
|
|
|
1
|
D AMESand tend| ) |

| AMBSend |

|

|

|

| LIDPCE=r i | sendDanel}

| sandlons] T

I J | ﬂ
| 1

|

1% 167 Sending a UDP packet

[Pv6= HESTZE B3 ZF A B WPAN 949=
IPE I E o] §3t=5 st F712Q0 Hl&olvt W4
o]A o] & HAJe] 6LoOWPAN T2 EZFo|i, Q¢° sl [Pvbe over IEEE 802.15.4¢]t}. shA|qt
[P dlelEass JdE 802.1549] HlolH ZH s FTallA AFstrlde PY 3d7F T #
A, ks ol viE 7]& [P s|ltE WPANO| Ast=sE gt

ofgfle] 183} o] 4 IPvee] 3EE 4= 3 ths 802.1542] MAC 3HE YUY, 1
g gZlo] YE A BEasja Fautr] 9)a) Fragment Header, WPANS] Mesh W E9 2=
2 A3}7] &A1 Mesh Addressing Header 3717} 7153l

e MTL 1280 octets |

BLowPFAMN ] |

IEEE 802.15.4
MaxPHY PacketSize | 256 polats ] B1 octats l 21 ootets |
127 actets
aMaxFrameOverhaad Only 81 octets avaiiable Link-layer securkty

13 168 IPV6ol Al 6LowPANCS 9 g g

6LOWPAN2 7] IP U ES Ao A5 S A AclES ] 7|5& 7% Applicationel A
oy~ Wy Fe ¥y Z1o] oYz}, Link-Layer, 3-& Network Layerol Al
HhE Z 93t

o
4
Og(é
ol
rlr
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S

tos.lib.net.6lowpan

P
Linua/BSD Serial_tumne] Mote Tunmig
T IP sack daedran BateStaton _CCMH
1 Tumid) Serial Lsg Serial RO 154
interfuce imterface ; imlerfmce interface [
6 packets Elﬂwr'_.ﬁ.h-
a:u::_ru-sr_:utl:d E07 15,4
P packets
(5L
M6 packeis FLOWPAN
ancapsilnted
Ik packets
T
—[i‘ Internet <
3 4
Mule runmig
v packets n IPvRIBLONYPAN sack
BO2. 154 |
kot | s e e e R
13 169 Motes, the tunneling daemon and the Internet
tos.lib.net.6lowpan
Interfaces
P
UDPClhent
Components
IPC
PP
29 170 TinyOS 2] 6LoWPAN QlEj#Ho]x9} AXUE T4

Interface: tos.lib.net.6lowpan.IP

- interface IP
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Commands

oommard youl guthddwsalin adde_t%adde)
command void setAddress(ip6 addr t *addr)
command \-'uiﬂ"scb&éﬂrcssﬁumcon.ﬂ;pﬁ._aaﬂ?r_t ’i‘;ax-izir}

Commands - Details

getAddress

comumand void getAddress(ip6 addr t *addr)

setAddress

command void setAddress(ip6_addr t *addr)

setAddressAutoconf

command void setAddressAutoconflips addr t *addr)

9 171 E ol TPe) W=

Interface: tos.lib.net.6lowpan.UDPClient
- interface UDPClient

| Commands

command érror_t connect(ipS_addr t *addr, umti6 t port)
'‘Comecting’ a UDP socket fixes the remote address and port.
command error_t steniunt16_t port)
Listening' to a socket binds the local port to a fixed number and allows the socket to receive packets.

comumand error_t send{umnt8_t *buf, vintl6_t len) - ] _
cotmingd error 1 sendTo(ips addr 1 *addr, umtlS_t port, uint8_t *buf, uint16_t len)

Send a datagram to a remote host.

Events

event void receive(ips_addr t *addr, uintl6_t port, nintE_t *buf, wintl6 1 len)
A datagram has been received

event voud sendDone{error_t result. voud *huf)

The previous send ot sendTo command has completed.
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Commands - Detafls

conmect
cormmand eTToT_t m.nuﬂqiﬁ_ndﬂr_t Faddr, ulnt16_1 ot

'‘Comecting' o UDP socket fixes the remote address and port, Onee fixed, vou con send datagrams with the "send”
comuand. You can us-fix the socket by passing NULL as the argument

fisten
command error_f listen{wnt1d_t poe)

‘Listeming' to a socket binds the local port to a fixned mmnber and allows the socket to recelve packets. If yoo call send or
sendio on an unbound sockel, a dyvnamic local port 15 assigned. Pass 0 to unbind the pon.

semd

commund error_| semdivmtE t *baf, wmil6 ¢ bm)

send To
command error_t sendTolipt_addr t *adds, uint18 1 port, wint®_t *buf, wintls o len)
S o datagriv o 6 remote host, Call "compeet’ on @ socket before callng send’, [T a local port hias oot vet besh

assignad, & dynamic one will be assiged by these commands, Both commands are asynchronous and will gensrate the
‘sendDone’ avent once the datngrany has beay sont.

|Events - Details

receive
event void recelveipd_addr 1 *addr, vntl6_1 por, wint8_t *hof, el 1 len)

A datagram has been received. Datagrams are only received on sockets that have had Tisten’ called 1o assign a local
port. or kave used the "send’ or sendTo' command.

sendllone
event void sendDomeierror_t result, vosd *buf)

The previous send or sendTo command has completed.

13 172 218 #H o]~ UDPClient ¢ command$ Events

Component: tos.lib.net.6lowpan.IPC

= configuration [PC

Provides

interface [P

interface SplitControl as IPControl
interface UDPClient[uint§_t]

Wiring

- 116 -



Actvebdesiazel

% 173 6lowpancli 9Fo]o]

6LOWPAN E|~E 374 9 AuY

Sa) Aabs obeel 2o,

- =T : /opt/tinyos-2.x/apps/6lowpancli

- Wle]2~ =& : /opt/tinyos-2.x/apps/BaseStation

CFLAGS += -DTOSH_DATA_LENGTH=102

- [opt/tinyos-2.x/support/sdk/c/6lowpan/serial_tun

- [opt/tinyos-2.x/support/sdk/c/sf

./bootstrap
./configure

make

- libmote.a ¥} & /serial_tun/Z HA}

- /serial_tunoll 4] make 23}

H2E AlUges 183 2o, Base stationS %3 pinge #

o] gt

+3t99S o Node ID 0x14

Windows PC

&

PC HlA 1P &3

2001;0dbE:0:f010::2/64

ping 2001 638:700:1234: e 14

serial_tun
fundl

P USN Router

BaseStation

Limux IPvg & H

#ifconfig ethl add 2001; 0dbB:0-f010::1/64
#sysct -w netipvi.conf.all forwarding=1

dserid tun idewltty USB0 115200

Blowpanchi

#
#

Mode id =0x14

£001:638: 7081234 e 14

9 174 6LowPAN 7]4Hke] HAE Ajug] &
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C:Mlzers¥tinyos dping 2001 :638:709:1234::fFfez14 -t

Ping 20801:638:709:1234::FFfe:14 (2081 :AbB:B:FO10::20q K> 32

1Y 175 6LowPAN 70|49 ping HIAE

. 7] 7iZE USN w90l 9] Feitsdol HA 3 24 3

FRaredol AHsE WS AL st AN Aol BF W HH3 He AN
stk SR AFHE TF AN FoIA AY 227 Ee AN Ao A A A
sdlo] A galds Be ofeled 2a glo AA Edels nee] B9 29F J2e w
2 Fof MY AEsF AT MM VoeFF AYS ZEIY eld 297 F F Al kel

a3 go) AT

r,
ret
x

>~

components ... , MSP430GenerallOC, ... ;

// MCU 14 94X} Port A4

Impl.Port25 —> MSP430GenerallOC.Port25; //3V_To_9V enable signal
Impl.Port30 —> MSP430GenerallOC.Port30; //3V_To_5V enable signal
Impl.Port40 —> MSP430GenerallOC.Port40; //MUX Power enable signal
Impl.Port43 -> MSP430GenerallOC.Port43; //EXT_5V enable signal
Impl.Port50 -> MSP430GenerallOC.Port50; //MUX_DeMUX Inhibit Control
Impl.Port51 -> MSP430GenerallOC.Port51; //MUX CH Selection_A
Impl.Port52 -> MSP430GenerallOC.Port52; //MUX CH Selection_B
Impl.Port53 —> MSP430GenerallOC.Port53; //MUX CH Selection_C

219 176 Delta.nc - Configuration ¥
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timer_ticks+ +;
if (timer_ticks ==1) {

call Temperature.getData();

}

else if(timer_ticks ==2) {

call Humidity.getData();

}

else if(timer_ticks ==3) {
call Port30.setHigh();
delayy(3);
call Port51l.setLow();
call Port52.setLow();
call Port53.setLow();
delayy(1);
call Port50.setLow();

//3v_To_5V Qutput Enable

//Select MUX CHO for supplying power
//Select MUX CHO

//Select MUX CHO

//MUX CHO Output Enable

TOSH_mwait(256);
call PAR.getData();
}

else if(timer_ticks ==4) {

}

else if(timer_ticks ==5) {

}

else if(timer_ticks ==6) {
atomic post sendData();
timer_ticks =0;

}
return SUCCESS;

19 177 DeltaM.nc-implementation F%

do
[
U
&
rlo
=
X
%
g
(@)

=
Ll
i
o
PL
K
o
(@)

=

t 52h& setHighdl A% dAd &5, setLows! H
w AdstH Timer_ticksS #o] AR&ste] F7]ZH o0& AlA "ol On/Off 45
23 o] Z Aol AL Timer oJHIEo 2]3te] F7]

2 obef o] IR o] 10x F7|E

=
red ol MEZ} WHEA 0T WAFES AT

[

- 119 -



Timer_Repeat
(Timer_ticks)

ADC.getdata ADC getdata ADC . getdata ADC . getdata
(I E2x) (thax) () (ZFEIHHLA)
ADC.dataReady ADC. dataReady ADC dataReady ADC dataReady
(LHIIET) (Is) (£=5) (& JHEl M)

I ‘ s ‘ |
o
A J

Senddata() ‘
2% 178 AA QE ol ~E 93 FF LA~

x1 2] 7] ol Al = Timer_ticksE Al&ZA o2 7F-+E3SFaL Timer_ticks7F 1(10x A3} A3)
A A5 EH71 =5 AlA 9] HolHE HET & wWAA Wl AAskar, Timer_ticks 71 2(20%
A3 AN A 7] S5 AA Y HolHE HET & AR Hifﬂ"ﬂ A 7%skat, Timer_ticks
7F 3(30= 75‘34 AFDR A =& AlA e HolHE HEI T WAIA HHI Xi%é‘}i
Timer_ticks7} 440 A3 A5k 5602 A3 A1) 735 —?—7} AAe HolHE HES &
HAIA] WMol A7Fetar, Timer_ticks7F 6(1% A3 Al -dste A F7]o @2 71 7Hs)

o] & wj7lx] AHAHE =t & Timero| 93+ Timer_tickse S Z7HA 7|5 &S 331,
Timer_tickse] 6¢] FH wAIZ] WI o] AAHE AA FHE dHolHE FA4 HF: wArxA]
Payloadell 49)ste] HEE AAE A4 == ofEgAlold Z2IHL oo} e ZEA1F A|&H
S 7 HHE =3gich

7] 2% AlAMet t7] 5 A= MCU ZEQ P15, EY 2% AlA= MCUS ADC1 =
E, EY §5 AA= MCUS ADC2 ZE, IAE AlA= MCUS ADC4 ZEo| 747} d4dH =
= AAsRT 424 Al Eddl= AlA Eﬂo B HE AAHgU =2 @AYol LIHEE AAES
o] @AMl ZAstY MCUS HA" &8 XEE T3l I3 A AoV} o] RAAES
AAE. ofg] 18 A ==2RE ALEE Delta applicatione] WA A F+xE UEeld Ao
2, Delta WIAIA 7} 718 "4 9ol TOS WAX 2] HolE o] Z=(Data Payload) o
BEF WA} DEF AR FRE] ALY RrRrEMo]~ e A9 RUHTY AF

B 1d zE)Z A4sT}
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Multihop Message packet type

1 2 2 2 1 1 n < Field length
in bytes
x XX PO XX < > X X
< XX PO XX < >
1 2 3 4 5 6 7
1 Source Address : Node that forwarded packet
2 Origin Address : Node that actually created the packet
3 Sequence Number
4  Origin Sequence Number
5 TTL : Time To Live
6 Application Type ID : 0x21
7 Date Payload : Delta message

29 179 HEE wAA A E

Delta Message packet type

4(b§tes 2o 2 1 1 6 6 12 2
Sensing
Data CRC
payload
1 9 3 4 5 6 7 S5 14
1 Sequence Number
2 Reading
3 Parent Address
4 Neighbor Size
5 Retransmission
6 Neighbor Node Number
7 Neighber Node Quality
8 ~ 13 Sensing data payload
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async event result_t Humidity.dataReady(uint16_t data) {
humidity = data;
return SUCCESS;
}

async event result_t Temperature.dataReady(uint16_t data) {
temperature = data;
return SUCCESS;

}
async event result_t Pyrano.dataReady(uintl6_t data) {

PYRA = data;
delayy(5);

call Port50.setHigh();
call Port51.setLow();
call Port52.setLow();
call Port53.setLow();
delayy(2);

call Port30.setLow();
return SUCCESS;

}
async event result_t Moist.dataReady(uint16_t data) {

return SUCCESS;
}

async event result_t T6470.dataReady(uint16_t data) {

return SUCCESS;

}
async event result_t ADC.dataReady(uintl6_t data) {

m_adc = data;
return SUCCESS;

obelel ZFNA thy] £ MAS thy] = M HolE ASA AU FFL AT W
o Aol ol FoiAA grdl, ol ] &/FE MM AF MCUS £Y ZEM FH A
Ag AXNA %3 AMe) Fo] BASALL ofst 2ol

o
A FFol olFoAER, A Ao &
FNHo 2 747kl AA dHolHE HE3 ¥, Timer_ticks7} 6 (18 A3 A7 5 <11

=3 7tzhe] AA dlolElE HolEl Payloadel 4tlete] A4ait).

B

- 122 -



a) Full Power E.= A})

- 123 -
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F5AE 5 Yl TEoR AL

A

st s, 1 71E Abke oIt 2k

% 52 3B EAVE
Ratings Min Max Unit
Storage Temperature =40 +80 T
Operating Temperature -40 +80 T
VCC -0.3 3.6 A%
Supply voltage GPIO INPUT -0.3 3.6 A\
ADC INPUT - 1.21 \%
Other terminal voltages GND - 0.3 vVCC + 0.3 \%
¥ 53 ADC A% 7]+
parameter(VCC=3.3V, 25TC) Min typ. Max Unit
VREF 1.19 1.2 1.21 \%
VREF output current 1 mA
VREF load capacitance 10 nkF
Minimum input voltage 0 A%
Maximum input voltage VREF A%
Single—-ended signal range VREF \%
Differential signal range -VREF +VREF
Common mode range 0 VREFR
Input referred ADC offset -10 10 mV
Input When taking a Sample 1 MQ
Impedance When not taking a Sample 10
3 54 AandE Ve
parameter Test Conditions(VCC=3.3V, 25TC) Current Unit
TX Transmit max. Boost mode enabled 45 mA
TX Transmit max. Boost mode disabled 33 mA
TX Transmit min. Boost mode disabled 23 mA
X Transmit max, file transfer @115.2kbps 45 mA
RX Receive, Boost mode enabled 31 mA
RX Receive, Boost mode disabled 28 mA
Idle Not connect, Receiver off 9 mA
Sleep Interval(Sleep=1000ms, Wake-up=bms) 2 nA
Power-down Shutdown-mode 1 nA
Reset Quiescent, nReset asserted 2 uA
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E 55 A w2 U TlE
Ratings Min typ. Max Unit
Operating Temperature -30 25 +70 (6
VCC 3.0 3.3 - \Y
Supply voltage GPIO INPUT 3.0 3.3 - \%
ADC INPUT - 1.2 - \Y%
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1. 3l A Az 7|HgE FA7] B B3] WA AH (Korean J.
Apiculture 28(1) : 57~62 (2013))
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19 207 The photographs taken on the spot and
from a thermovision camera

I 208 the photographs on right panel(b) are the thermel
infrared image from themmovision carera.
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' Dead Survival

% 209 The infrared thermal image of both survival and death group which are
used for an analysis. Each colony presents as with the color according to the
amounts of living individual inside colony by FLIR program. A colony containing
alive bees(on left side) showed the yellow color on specified spot in compartment
whereas colony containing dead bees(on right side) showed the blue overall the
colony ; which means that there is population as a survival state relatively within
right colony.
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% 210 Comparison of temperature difference between
honeybee colonies (front side)

X 56 The temperature and the average of individual numbers of honeybee calculated from
survival honeybee colonies

Name of honeybee  colonies Temperature  (°C) Individual  Nrs. of honeybee

F-23 5.8 652.4974
A-4 4.9 575.586

L-8 14.6 2376.396
M-9 11 1525.75

N-1 4.8 534.0992
P-3 5.8 628.0752
L-3 10.2 13429218
L-4 10.9 1501.9398
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% 211 Correlation graph between the temperature
difference and individual numbers of

2 29 L % AY AYS AT AF 29U € IURHE P AR

EHGFo o3 oFA A H7PY (Korean J. Apiculture 27(4) @ 315~319 (2012): A F71A|

B Ayo] @ oFEe A4 AZ WHol okslolA WE wele APo Ay o] Wel
SA9) ofelgol ol H3H AZol YEUT B ATAME of Exlo] thet dd P
2 a9y B 93 FE0l A4 GBS FYSNYth 1 WO YWY FESIA &
078 og3lel AV o RS FYT 5 A= PAH FY A ARG FAFL AA
stk E3, UAEARE FYRAL W 28 o] 3t F3] Feist 3 o] s
A B 5 Qs HA ade] 25 30/ AL AASAT. B &% wBelo] 97 PHe o
2 29 gyel o3t oY 2 ABWH AT 7)ol Zolg BuA

- 141 -



[l

X 57 A table of larvae days of age

1st days : Egg
straight
standing form

2nd days : Egg
inclining of
45°

3rd days :
Hatched larvae
lying crookedly
and being buried
to royal jelly

4th days : larvae
the arc of
two-third circle

5th days @ larvae
circle,
comb—cell'
diameter of

two-fifth

6th days : . larvae|8th days : larvae 9th davs © larvae
the half of three-fifth of four-fifth of Y " 10th~21th days :
X X . larvae filled
comb—cell's comb—cell's comb—cell's pupa
. . . the comb-cell
diameter diameter diameter
¥ 58 The amount of spray one time by hand sprayer
The The
Mass of Amount of Mass of Amount of
number of ] number of ]
) comb—cell(g) | spraying(mg) ) comb-cell(g) | spraying(mg)
spraying spraying
(first mass ) 1.81 - 9 2.21 40
1 1.83 20 10 2.25 40
2 1.91 80 11 2.30 50
3 1.93 20 12 2.34 40
4 1.98 50 13 2.39 50
5 2.02 40 14 2.44 50
6 2.09 70 15 2.49 50
7 2.14 40 16 2.56 70
i 0.77
8 917 30 Averagg amount of spraying mg
one time per comb—cell (0.77 1)
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Fatality of larvae according to amount of disilited water injection

100

80

60

Fatality(%)

40

20

0 - -

Controlgroup|2.5)* 0.802(3.0) 1.500(5.1) 2.318(2.2) Twice Spray(3.1)

Amount of disilited water injection per comb-cell

29 222 Fatality of larvae according to amount of injection of distilled water =

Average age of experimental group
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55 =439t}
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FE3le B39 Y. o4 E FEY E4L8 v E(MATLAB) 2213 S A3 o Fg
o] W 3H(Fast-Fourier Transform, FFT)3} 22 E & 713 (Short-Time Fourier Transform, STFT)&

o]&3l AZI-Fugo] EAS EASIAT. ~HEZ IO A% FFT 4dole 32768, A=
(window)= 2048 M= 18]31 2w H(overlap)S 1024 MEZ2 AAHFAL. o] EiE iz

BYNE 22 RS Az D Fu 54 wmsic,

Airborme sound of bee

l

Microphone set
(Type 26CA & CC supply
Type 12AL. GR.A.S)

l

Pre amplifier
(Vpl000. Reson)

l

AD Converter
(USB-6351, NI)

a9 282 ¥e F¥AE SA
gol e & B

3 AFA G AA3h= 2d F

A A7 T AFdga AdSFEZodA 28d @i A(Vespidae)d &3t &5 FE
W owk 1 FRIUTE AFAHY Al #F ARE obH7FA BAFYA &Efon, &
ATFAES Rug gddo] AFA Qe F4dFU AL HIH (H 5, 2014).
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CS-Bee V1.0
- 2% :-50 T 150C
X 10 T 100% RH

&5
- AT +3%, +0.6C

AA =T V2.0

CS-Bee V2.0
- 2% 40 T 123TC
- F% 107 100%
- AY%  +3.0%, 04T
- CO2 : 0 ~ 50,000ppm
- NH3 : 0.1 7 10ppm
- H2S : 0 7 500ppm
- Sound : -48 T~ 66dB
- MCU : ATMEGA128
- RF : Zigbee

14 54

AlelEI 0]l V1.0

Aol 22-Alo] E ¢ ] Gate(Bee) V1.0
- Windows CE 5.0
- “4.8 color LCD
- SD Card
- RF : Zigbee, CDMA

Aol Eg o] V2.0

Aol ~-A o] E gl o] Gate(Bee) V2.0
- IP68
- Cortex-M3
- CLCD 4%20
- 12VDC
- RF : Zigbee, W-CDMA

)
o2

# A9 A2Y VL0

CS-Sum
- 12VDC * 50W = 2ea solar
- 12V@60AH =i & 7
- ProStar-15 4 AEZY

CS-Bee-Weight
- 07100Kg / 10g
- 50 * 50 * 5Cm
- 12VDC
- AND AD-310PC module
- RF : Zigbee
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(LAMP) & ©]&3 Chronic Bee Paralysis Virus (CBPV)9] A& ey 7t 3k=-okist
3] A]. 25(4): 253-258

SAY, fuA, SS9 2010. Israeli Acute Paralysis Virus (IAPV) &S 93+ semi-nested
PCRY 9] 70 k= ¢F&-8F3) A]. 25(2): 97-103.
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27(4): 315-319
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ko= W4 2001, Metalloprotease @ 16S rRNA 22 7] Qo 93 m=Fi Aol
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