YEEHT

11-1543000-000794-01

u-IT §5%7]= 7|49
A A T A A
(u-IT convergence and integration

management system for fruit production)



g

Al

e}
B

“u-IT

u-IT §8Y7Ie 719he] R apg AR o] AJARD JET hA| (A S A

=
=

o] ®iA

~ 2014.12.25.7)9] &1

N AL7)17F “2011.12.26.

AHEl
a

53t

=
=

Az A

o

3|
=

3

2015

o

Tor

K

~P

ol

B

;A_v\_

o

B

@5 Aol o]

o}






714 7)ol x|

St
=]

u-IT g%

2. AR AT 74

—_— 1_|~l ! o [
= |= al N o A Il
| — \m; — ZT._ N o
e =0 ~ x = L= N g
D = N = o
<] K] Klo [ : "
— —_ ey 0 0 A1 o
R N e " o X =
D ol Iy i 3 do = 2 gy
S L iof o il
B lob m T | = T <
T |ar 3| ° o )
LT R o o DrE T
= zo | TV "o ~ il
o G X K = H_._ b Oﬁ
_u_;A — N o) ‘mu ﬂAr_l ‘;Im/l ‘mﬂ %
L oK oK A N = :i o
oD < of X o Gy g
o | |re w| =0 © ew k3
A ~ o
e I8 m| or G w2 M ~
L U S e K A
C L T oo S ooy N —
Dk
oo | o ~ o T A M P o 3
o | % | = | T o TaT B
T | | R | K T A o)
<7 Ow e ~ o e
=0 — ~
AR Ao
- o 0 BE X A mlw
w_v %0 N T = ﬂ = ___ﬂv
o o oo S X "
—_— o — oo IR o-
K 7 o T : o>
) o mﬂ % o S wu n o
N oo — .A K mo © 5 :.; o O
L I I I KoBLs 75 4
fay! — — = Q.._ ok = _,E k)
o <|H x| o | 37 wr N = —
B RoE T % | b or P e P L %
T mE o ' | u wopwm s BT S
o mio 5| Ao | N oT ey Sl N X
TR | & | R b T N s
ZE . uF 227 7
<+ np T A
o+~ 2+ Wo Ho i (o) S~ o ©l
= & =T | B | ® _.._lﬂﬂuwtﬂﬁ R = ) H
== gz~ . BMe N
T TR | R Fa wo R W




ek el E QR

Q8] WAL NS e QLA o}
B AR7%E0 AFA4%% 5L o
g Ao el gl AFES] ok
oz AU YAUA] ARG FANA YIS FESHA S HHRALHY
At mgol Wad Aol

7be et aEA- AR g = At 7S whE sk Aol

2. AFIAY EF
A 1 AFHA (G 0 A" S B SEeE AH 2 AT S
toly ¥F#3} 2 RFID-USN #-§& Z a2~ 7k
ARl B R ST ARAIAE s

_H_



=4 48 u-Farm Seh-¢= A8 75
ek S = F Bl R A A R i i

™

2ohE AE7} A2E Y

zrtE AE7} S md g
N

2PrE AR A

A1 FedA 0 =24 37 2 A st AMUES A 7= AT
37 H2E 9 13 57 2 5/9

RFID-USN REUH® Al 5 2 23} 57 =g} +5/89
RFID-USNZ ©]&3F 817 Ao 5 HEH D =904 <

3. A7 el WY
oo A4 2 5%

AT o e W, BgobE w6l B7Iwsh AL v, Bo} wrele] T =
PRI R A E R L S

. AT AL A2de )% e

B ALYS TEAY] AT SAol(AFE % AP, MEAD FH BT 1)
& weete] AxT TEE A Ax AYow STt FEEE 2TEYOIE v &K<
A ;o] QEa ALEGIE ASHYTh B shgale) LM A B A
W odejon wusA @] W, & JAYIA AFHE 48 TR A

ATl AL A% Fdgne Y weldtel BRI PN AFdgot, A¥L
 arEdelt e TR FUET 49T 5 Ut 499 Iz TAA

- 10 -



V. orl;uﬂuwsg}

é
g
_{

_L
9 X
T3
l‘-L
Z
[
)
oft
ok
)
iy
L)
—o
(r
R
=
[>
2
-
=
i)

“
H%}f?} s s@sta, Fee= AEHE 757 A9 AT7E 7
Al&ge) EAlE S detaginh. kot
e yFarm 9= /i
e A 2 AR A 2~ FH (OFIS)
“o“’i% AES A3, oF 100%
O

= Ao

2. A 2 /‘ﬂ%j—iﬂrﬂ] w4 o2 2 AF AR A&=F N
Al AEIIA AT} Ao AE7IA] A A A]AH mdo B
2 A4 }Oﬂu} ko) AEA AnE mol FF Aelsts £THL A
AHHE Ere 71249 B LA TR ARs Fi ¥
A% w971EY B AR 4AS B M AuPe AzEn 2
aE]ar H3A) % 9AE OFIS Al=d) dlol F-Fakqivh. 1e]al Al~
Aol =9}k HolHuo]AE FH3kglaL, ol& WRo® PC o] x| <}
A

[»
o o

b, A

],O

o X
ol

i

fglg ;
o K
18
=
[ N

2
L
2
Iz
!

ul

’ LI

2L

]x

J

~d

jait) ix
-
offl
fljo
(]

[gn
jus)
=)
e
iy
)
By
iy po

3. A 1 H&A =X &7 R AZad AJd ANVEND 7e 7H‘£*
ARAR ATTAEA HYT A MEAD ASE ATRYT. IAITAE 244 3
n BYAH A A5 SHE A, dael o oAd, WA 5L A7
&4 o $3) B7h 4% 4AE F3

4. A 2 EHA - o AFAHES} F 529 AT
B AEARE 9 g3E 74’"‘0}71 fjate] W AFEAYE Sk AHER, §
Ao %715 5T F e Y, Heobe] Faf v& 2, wi(xla)e] siEkr] ¢S 2E
T JpurElelal, o2 A 2 AR JJr Fdatel OFIS 95 g Aul== date] uFarm
ok ﬂ%o}&’iﬁ}.

_Iv_



o o
oo < L o ™ol oo T
B A 1_ T o
B —x | Ewme |3 |0 A : 2 4 ™
ST |2 |2 T |08 |y | E b < <
T oo oo | B A4 (W w |2 we -y < <
w W e % oy = | M oL S % X" o o
& ~ED Ao | A T 0 i P "
~ WM MW@ T T T W o | AT T T M
o N T %0 = W | R J e |3 rol ol oo <
X fosb | Xmy oy T R © T W 68 i
G AR Kok R |y % T Y i s A =
™ o JﬂM o ok <2 N M| © z x ~N B X
B S N R Myl x& o U % Y
itist = X° T ) 1o = To o X T o=
20 Jo = BE O gy T Oy Gl R o
2 L = i ol 1w o= NS N oj
=N %% el ey [Rew TN - & ~ R
R %o ]I =T N A | % B Njo T Zo
GOl A RIRCH M = ol ol I -
Tl w® | XTE X 1S | Y = T W g )
) —_ — = —_
wo | gaw | SO =% B BT R N G
of | iy _ T | X S M2 W o ww e _
w& SRR T T < U e A T o Ho AR G N
= - i o — N ]
L& S o | EWM PE IEED ﬁ_w% T XNk oo
S e= | 2P ¥R B E | b X N =
© % W) mo%% R < P Ll LI =3
T oo oo o o o = B M| T R T
o= do %o |A- of M i % o s =
WE| T | EX T O|TA Mo X ol oo m o 7N
N Wk T K| T o F O 2 ol
T T M _ wl w = o =n
e WS W s Y i H o | P Ay ¢ {
— — O ﬂ%ﬂ »A.._ = — Of- A,.# a —
= _ | © Wi gy il B = Ul do mo T s M <
mﬂma = L ®|L T e A = W | Lowl [P U x Mrmn, w
AR il el O N N oM rE L
N —
2l 0% TZE0E g 5% ep 223 2 g L2E =
ay E N X ™ o T — —~ T XK o X L — g o (-
o =z X N oW S T = T =
XO o x H T 3 |2 o = =y
X DR %o g TR x
® R o P
° [ _
© © o T W o 5
e HoB N_.o ~ my
%o X0 " Gl
9 o T o =
[a\]



T

H] Hj o] €]

bt

S

L
Fgol 715

e
BEBEIREE IR
<] dlo]g]

-
T

pid i R

SEE
| sk 4 3.0
0 Asel

ﬂﬂ%ﬂ
N
u_xdiw_u_
HB
,Loﬂoﬂﬂga
ﬁa.w
==
Eﬁﬂow
w T
%mu@
MOCE
quo_
= 4 Z
aﬁWﬂ
7 oo P
P oy
7].!
W o
T % g
ﬂ%%
i
)
=
imw$
By oY
AO_EW
2
Ty
= ﬂAT
M@rvéa
OILH._
wwo_aﬂmo
0|
i
XO
o 7
o Hwon

o

el

_VI_



- VII -



SUMMARY

I . Project Title & Research Teams
1. Project Title

u-IT convergence and integration management system for fruit production

2. Research Teams

) Chief of ) )
Institute / Company Sub-project title
research
1st BioEnvironment System Rh Research and development
ee, . .
sub-team Enginneering Lab., of system integration and
: : : : Joong-Yong _
(supervison) | Seoul National University cloud service
Biosensors and Development of quality
2nd _ Cho,
Electronics Lab., control and growth expert
sub-team ] ) ) Sung-In
Seoul National University system
st Development of sensor
S
) Jung, network technology suitable
collaborative | NongJung Cyber Co. ) ]
Suk-Gi for outdoor environment
team .
and storage facility
2nd Gyeonggido Agricultural ] )
] Park, IT implementation and
collaborative | Research & ) )
) ) Geon-Hwan | efficacy testing of orchards
team Extension Services

II. Purpose and Necessity of R&D

1. Background and necessity of R&D
The fruit industry in South Korea, which produces about 3.6 trillion won in
production value, represents an important sector that makes up 10% of the nation’s
arable land, occupying approximately 15.6 million ha. Following livestock and

specialty crops, the fruit industry is the third most profitable agricultural sector.

Meanwhile, information and communications technology has rapidly advanced to the

extent that farming and fishing communities are now using various IT devices.
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Although IT utilization in horticulture and livestock sectors has advanced beyond
the initial stage to reach the deployment stage for actual agricultural production,

open field production still suffers from inadequacies due to various reasons.

Orchards have experienced recent increases in frost damage from abnormal
climates because they lack the proper infrastructure for coping. Although cold
storage facilities are available for distribution of high—quality fruits, skills of IT to

use the facilities effectively is still inadequate.

Therefore, if IT devices and sensor networks are also deployed in orchards,
farmers not only can mitigate damage from abnormal climate changes and
inadequate facilities but they may also be able to produce high—quality fruits. Thus,
there is a need to develop and deploy an information system that uses a ubiquitous

sensing technology and artificial intelligence network.

Furthermore, today’s agricultural industry places greater emphasis on the
importance of food safety for both domestic consumption and export; with this
emphasis comes a greater need for development and deployment of a farm
management information system (FMIS) that integrates information from the

production stages of orchards for .

To handle FMIS used to demand a certain level of computer management skills, but
by using cloud computing technology and ubiquitous sensing, both of which are
readily available, the need to implement IT in orchards and farms can effectively be
fulfilled.

. Purpose

The present study aims to develop an open field fruit production management
system that wuses ulT convergence technology for operating a precision
instrumentation system to meet the needs of spatial and temporal data for
pomiculture. Therefore, in the present study, we will develop an open field
production management system that can store and manage weather and
environmental information from storage facilities, by which fruit production can be
managed more easily and conveniently. Furthermore, in this study, we will develop
an open field production management system that uses ulT convergence technology
to construct a precise sensor network and to establish a systematic growth

database to serve as the foundation for high—quality and low—cost fruit production.
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III. R&D content and scope
1. R&D goals

Develop a user—friendly u-IT fruit production management system that includes
to develop technologies for collecting environmental information of outdoor
orchard and for control the environment, to develops smart expert systems and
professional network services on the basis of environmental information and
growth data and then to integrate them into the uFarm cloud system, which can

also be run jointly with the national information system.

2. Team tasks
1st team task (supervision): Research and development of system integration and
cloud service
Development of standardizing data and RFID-USN application process
System integration and link to national information system
Establishment of u—Farm cloud center for outdoor orchards

Development of a standard model and expansion measures for an OFIS

2nd team task: Development of quality control and growth expert system
Development of smart expert system base
Development of smart expert learning model

Construction of smart expert system supplement and expert liaison service

1st collaborative team task: Development of sensor network technology suitable for
outdoor environment and storage facility

Environmental testing and establishment/management of preliminary agricultural
infrastructure

Establishment of RFID-USN monitoring system and establishment/management of
secondary agricultural infrastructure

Environmental control using RFID-USN and verification of network compatibility

2nd collaborative team task: Verification of implementation and efficiency
Establishment of intra-institution infrastructure and collection of growth data
Analysis of growth environment and development of prediction model

Verification of cloud system and practical testing at the farm level




3. Scope of R&D

A. Target orchards and farms
The target fruits are pears and peaches from Geyonggi Province and Southern
Chungcheong region, and various combinations of systems were installed and

operated in the pear and peach orchards.

B. Functional scope of the developed system
The open field fruit production management system being developed in the present
study has the primary objective of managing a cloud-based sensor network, along

with providing the basic functions from the farm management information system.

C. Hardware and software limitations

Minimum hardware requirements—such as a computer, storage devices, and network
devices—were chosen to implement the cloud system, in consideration of cost. We
used open source software, again in consideration of cost. However, because the
video conference solution was not judged to be within the scope of our

development efforts, we used a commercial program from Elimnet Co. (Korea).

D. Interworking farming information systems and types of farming information

In the present study, we considered a mesh up of linked farming information
systems to create links only to data deemed necessary, but the software for
interworking was implemented with flexibility such that it can define all types and

forms of information.

IV. Results

1. 1st sub—team (supervision): Research and development of system integration and
cloud service

R&D work from each research team was integrated and research was conducted on
establishment of a cloud center. Problems with existing systems were identified
through literature review, surveys, and interviews. We defined the uFarm cloud
development concept by reflecting the three major design requirements on the basis
of the problems identified. With this information, we designed and developed the
open farm information system (OFIS) which includes a total of nine modules. After
examining the deployment plan for the developed OFIS, a medium scale,
government-led initiative that targets approximately 100 farms was deemed

suitable.
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2. 2nd sub-team: Development of quality control and growth expert system

We analyzed production system models of both previous and current expert
systems and created a system framework. We designed a solution that collects data
from individual farms and integrates them, and developed basic rules on the basis
of interviews with experts. After assessing problems through the prototype
development and with expert collaboration from Gyeonggi Provincial Agricultural
Research & Extension Services, a virtual scenario system, expert liaison service,
and prediction widget were built into the OFIS. Additionally, an interface and
database for system operation were constructed, on the basis of which, PC and

mobile web pages were designed.

1st collaborative team: Development of sensor network technology suitable for
outdoor environment and storage facility

We researched sensor network technology that is suitable for outdoor and storage
facility environments. In the first year, we identified the operating characteristics of
sensor tags in both the outdoor and storage facility environments, and studied the
number, distance, and positioning of the tags to construct an efficient network.
Through practical implementation in farms in the second year, the network was
supplemented and improvements were made to the management program. In the
third year, we tested a program that forecasts physiological disorders and weight
loss rates of the storage facility, and created and tested an environmental control

program.

2nd collaborative team: Verification of implementation and efficiency

For IT implementation and efficacy testing of orchards, we conducted orchard
growth modeling. We created models that can predict the maturing season of apples
(Hongro, Fuji), frost damage to peaches, and flowering of pears (Shingo) and in
collaboration with the 2" sub-team, we developed the OFIS external extension

service and linked it to uFarm cloud.

V. Study Outcomes and Future Directions

1. Outcomes
Through the tasks in the present study, the following key technologies were

developed.
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Name of Key Technology

Description

Cloud-based farm
management information

system

A system developed to use a cloud
computing—based system from the existing

PC-based farm management system.

Multi-purpose data

collector

In order to collect data from the farming
information system, use of OpenAPlI is

necessary, but using a data collector can

simplify data collection, processing, and storage.

Integrated sensor-relay
long distance (500-600 m)

communications controller

Outdoor
require long distance communication between
the
can make possible.

environments, such as orchards,

sensor and relay, which our technology

Freshness management
system that diagnoses
and predicts physiological
disorders in cold storage

facilities

The existing technology that predicts
physiological disorders inside the cold storage
facility possessed by Nongjung Cyber Co. was
upgraded. This system uses  wireless sensor
nodes to predict physiological disorders in

individual storage boxes.

Outdoor environment
sensing and control

technology

Weather resistance is important for sensor
nodes that are used outdoors, such as in
orchards. The developed sensor nodes are
operational for over a year after outdoor

installation.

Low-cost weather station

and monitoring software

Weather software sold on the market is
expensive, but the newly developed low-cost
weather software is expected to be installed
and used for less than 1 million won , and

management software was also developed.

Hybrid sensor node that

uses solar energy

We developed sensor nodes that not only use
solar energy exclusively but also detect solar

radiation.

Quantitative

outcomes include;

dissertations were published domestically and abroad;
published domestically and abroad; 1

farming advancement outcomes.

4 types of software were copyrighted;

international presentation award; and

- XII -
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2. Future directions
Among the wvarious key technologies developed while conducting this study,
Nongjung Cyber Co., plans to commercialize two technologies and other

technologies are expected to be commercialized through additional research.

After considering the features of the open field production management system,
policy changes, composition of farm organization, and execution method of policy
initiatives, it was determined that the most suitable deployment plan for the open
field production management system was a medium scale, government-led policy

initiative that targets 100 farms.

In the short term, it is possible to use it as a farming data platform for the
upcoming big data era. In line with the big data era, the Korean Government
announced its 3.0 Plan and there are plans to proceed with “Creative Economy
Vitamin Projects.” Among them, an agriculture sector project, “Vitamin A Project,”
aims to integrate sensor technology and big data for management of crop and
livestock growth. Because a farming management information system can collect
and store other farming information besides sensor information, there are plans to

conduct R&D of a big data platform on the basis of this information.

In the long term, the system can potentially advance into an automated platform
that links to the Internet of Things (IoT). In the future, decisions will be made
through growth data within the farm, weather, and soil information that is
automatically collected, and unmanned, autonomous agricultural machines will be
able to perform agricultural works on their own. The farming management
information system lies among these concepts, and it 1S expected to create

interworking between each object.
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HAEA S(2010) & A=A HAE =] @44E (25, 55, £25)E AAE o83t
o] F71How ol AN BUHH 9 Aoz} shsate AujAEe o 24 Agxd
KR 5] 2

Feldetes debae, 352, FEFA, BV A2 AHgE Arder 38k gl
= gttt o] ghnEddA Yol 49 guke] Auul=el] A, P, wa [EDE
2§ Ao A5 5 AvMAYS AAlstar vk IEAE 4d7ke] E F8 LED
2 o183 vy g Mgl st AE HEEEdE Ao An"S F2 Y
Faksta flow, F8 AFoRE A dAAC, §4As AEEY, V] AH AEEY
A 9 287 58 Aeeds Ao Aafer ARgsta glnh 7P Htelw gt
Egys FA4le] A E3F4 AlofolAl RFID/USN, LED, S/W 7|%S =9e A5 AAIE]
A7 dou, FE3E 93 AETFe BYxVE BT BHA ] Alnw Rof
A oA A BEg 2l 7ol EAEHA] gow TR PLCE 7Iuke] SI PHjE st
S dEfoltt

2. AX VESY A 74 7|&
7t ol FAAMEN A
AU E o] gk stedo] 2 AXESJo] 7]&o] Weste] wel, B T/ A2 t
2 g AANEYAES] T4t Wang et al. (2006) & & 2 2 F ok A A}
|5l e S FAAAUES A ofZe Aol dalA Aviskal lth Lee et al
(2010) GAl AE-sPolA 2853 & A 7|E7 AEYANAES A8t

H| & Z}7Fe] AAUEYA7F 1319 1
= 9248 FHE o7y wEe], o

Jo
rol
o
k)
filo

ZFA A QoA 1 AAVES A AA|

H3t o]F o AMUEYIE AFst7l= HA Frh
Broring et al. (2011) < thsk AlA HES TS 2 EZ3 AlA QHFA | AE Q13A,
AAUENTE SFE o FL3 Ak AFREE AMgstd = 4ol vk A&kl
ofgfe] T2 ARAQl FHARUHPA A A HlolH o 55 HoErh AdAE #
713G o] 7EA] Al A SAE dlolEEe] RS232, Local Area Network (LAN),
Bluetooth 3 & st T2 EZ 93 dEE F A= BoFrh dEE oy
+ Hole 274 DAQSF &2 dlolH FR A AXlol oA Holxil HFHOEE A
o] AAEA Dok AFeA= A A3 golg A Qe o] A2 Eate] dolEo] HEtA

A,
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mém’ Web Service

Data Acquisition —
Device .

- —=
m Dl ==
Station R 4
tlf'_ ﬁ Bluetooth| DataLogger Server
[
CDMA
[t )

Weather

X e

ﬁ t! Exclusive
SensorNodes Senagrtiub —|__software
Data Sources Data Acquisition Systems Data Accessinterfaces

a3 7 3AEYHH AlAEHA o]y A7 dAat (Kim et al., 2013a).

o] 2-7E 4719 A A< "olg A ¢lElH o]~ — HTTP, Database, File 1/O, GUI
- 2 HojFa 9t AWA <2E o]~ Hypertext Transfer Protocol (HTTP) o]t}

HTTP+= World Wide Web?] &7+ o] F & o] ZgAlolAd e g g Fo|t}, & W
& AAUESY A A HTTP QEH o] AE AFsta Y}t (Broring et al., 2011; Nash et
al., 2009; Schweik et al., 2005).

&

T A dEHolA~E dolEH|o]AE o]&3)
(SQL)+= dlolElHo] 2o A= HolHE oF7] 93] AAE dojoltt. tii-ie Al2=E o]
Ak AFE2L7) dlolE o] 2o AW At S &A= AN #HEA Aoz A
3l Aol 7Fs3ttt (Blauth and Ducati, 2010; Quiros et al., 2009; Zapata et al.,
2012).

Ao}, Structured Query Language

4 1

A WA AEHol st HAS AL Zolth B AXWES ddd 4% dolHE A
AL Hede] FHz HolE g AUt 71%5e ATAT webd o Aol Aate]
oJH % ¢t el Utk

o) WA Aol st AE ATEQE AGSE Wiolth BE HAES wekelth 214l
So) 71&REE Y5t A& ATESOE ol 88 AW AABTh ol PAL ALS
S AlagEe T ALYl BRHY] ofF oldn

g, o FANUEALY BF

o] 714 o] FAMUESR A T2 IRE e TFS AHA HEAUT. Steinberger
et al. (2009)+= HlolE] 3, GIS 7|8k Z= dlA, #A42], AdsdE oA oA
oA A&k dlolH 9 6:‘Eﬂﬁl‘r A F o] 27t M= tares s A A3
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OJFAMUEY]AE Tt WS AA 27HAE ozt AWA S 25s FF
= Aolth o & E9] ISO 11783 (or ISO Bus or ISOBUS) & EZEL} 2k 7)o F2+
f AlA, Aol olE, AR, AFEA], s ol FAE o] s dolE AES 918
o dlojgle]l FEje} WS AAHst gt (ISO, 2012). Suomi et al. (2006) = ©] X+
S FFoE TREEY Axgo]lolE AAE 7% 59T Open Geospatial Consortium
(0GC) EFE B3e 33 ARE AEst7] A Aotk o] 2+ v9S 233 oy
7HA F7] o Ze Aol HgEo] gt (OGC, 2012). Nash et al. (2009) & 54&
ol AHzlAbs sl A OGC %FS 83 At tisiA Festri= skt

SHAIRE AWMA e oju] FHE o] MAE AMUE T E AH&57] ogle wAl7F 9l
ok A e Adte] H3ek nEFEA WS AEsk= Aot Neményi et al
(2003) &= AEEHS flste] 3t

tolHE s, FhY A= & AZE

T aTEdYE A2 334 A3 ¢l
7] wizell, g2EnY FHE HolHE FEst 1AS st AY9s Fskaith
Gigan and Atkinson (2007) &+ Sensor Abstraction Layer (SAL) #+ o|FUEHYIE
A7) fs mEAY FE2E AtsrIE delth Kim et al. (2013a)2 SEEUER A
2E S0 dutH o AFEE 4714 dolH A dEHeAE BAsa, 1 F 3714
AdE Fo] 2ol AL 7hsgh 3 Weks Attt
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A 2 4 A BRALH

SHHAYPHEA2E L sFd A B3t S5S Tt o] 283 JHE RO, A
gotar, Astal, ddstes due] Algd Ala¥E AT (Sgrensen et al., 2010). ©]
& ol o deZmAAE w40 A grEstE= BAFA BAskE 7 to, s
HAEO AokRA so= Qld HRs sFAYd Exs = 7 ds AoE J|dEnh
Eg B39 AUsArIEY A8 Ao & Ewel H F Us o= gdnh

. 79 A7 R 7=/Ad
Chaudhary et al. (2004)+= AlA¢te] E41S 13 OGCel SWEE A-&3ta, ixH|2~e}
OLAP 7|9te] 58§ JHAH] 298] ol7|g X & A|tstal ZZEES AHEATHIHY). AlA]
oA HolHZE sl WS 0GCY SWEE o|&3dte] Fa3tslal, =% HolHE
OLAP 7]qtoll A A ste] IAn| 22 AFsthes SHAA S e ds T8
3] gk Aekar & 4 9l

' . '

ﬂ Web Service: (Sensor Web Enablement)
Y
ﬁ Oparational
Databaze
Dot
rar forenation
Service Arwysis %9
% Service §
e 2 B
3 y z
'Warghous

OLAP Cube WS SOL MDY

|

@ Web Services(Agricultur & Information System Chisnt Service)
Kagdk ‘Wabk Pacradsr

1% 8 Chaudhary et al. (2004)9] A|2=®] F+x%

Steinberger et al. (2009)= =98 dlolg Az AH]~(APDS)e] ZZEES 1&39

t}. APDSE &7 Al A58 FMISo o2 d&9 #AS SO 117837 agroXMLS

o]g3sto] FHSITE 2P Ao} FHE FEAE AWSts WelA drF
Ea

Ao FA A A= Fe-= HFE AlEHolA F&shs FMISS 7538kal A
T sdxzgelA Aldskith(Hori et al., 2010). o] A28 PDCA Alo]Z2 o] 43l &
ARE AT = d=F s43len, Hadoop A AAI LRSS o] 83 98 Fd9= T
5o AMA Atdlekal & 5 eI ™9).
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18 9 PDCA Alo] 23 58 F8+9= AH]~ (Hori et al., 2010).

Venkataramana et al. (2012)+= AGRI-CLOUDZ}= 538 ZE9= T dHas A3l
(23 10). o] T J¥ A= Agri-Data Acquisition layer, Agri-Data Processing layer,
Agri-Data Storage Service layer?2] 37}#] #lo]ol& FAE W, Z}Z}o] SaaS, PaaS, laaS
of ajFEt A~ RElS FAHoE 747te] #ololE Y Ao SHolgtal & 4 Q.

{Farm Lands) [Research Swikony]  Agricuiture Dept

Yin (2012)= s9E& AZ7Pr[2="ol 7]9hek KaaSehs g Anjx REls sl
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(71911). KaaS¥ Knowledge As A Service? ¢FAt®2 A AL dAddst= Av|Agta
g gt o] AFE EE5-E AHlz o] AR AH|AE AT Wl A 54 0]
Atkar g 4 9l
ace s 7|  sback
faane i - —
Servi AES
ce
. Logic knowledge base
Logic
layer _
Metdaaca | T Rogyledeey
Data
layer
% 11 KaaSE Hstdloly w3k 2d (Yin, 2012)
v]=r2] John Deere A= SeedStar Mobiles &3l sWEo] AAZF G9lz2 AgstA 2y
HE Q3ls a4 gE2ARE Paddld oz A2sn s£7]9 = 43 33 U Ans
g 715, s4xE AerkEd deoly FRE T 4+ A A gt
MyHohnDeere.com &QJAEZ 352 dlo]E7} AAIZE AFH o] uF7]9 H47|5A4
A, AR TAFEY A, A=A G4 =l FAA FdEe] gAEA Kb = &g T}

S5 s,

TR .

719 12 Seedstar mobile 53
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"] =+2] DuPont Pioneer A}&= ‘Pioneer Field360 Select’ SWZ 7fHgit}, o]&= 44
of B % U, ASF ARE vgoR AZAE folHE AA 54, 713H
ot A QL F X Pt AEA| e AFEAE EUEHY, 5T 5 3

=
Ad B3 2 Al gt

Pioneer® Field360™ Tools @ Pioneer® Field360™ Taols @ ools Precip: Daily | o GDUs:Accum = O ™ Stages = 0
3 T 00 ot =
Growing Season My Field Info ¥ Y i s Tk W e e My Gon Eam Estirait Siage: 19+
' i g ey 51 | i
:8:. My Comn Farm v ) | | [ pevomn e
“n San/PaitDule.  GAM. i ]
—— e V3 Stage"
GDU Estimator izttt || el : ¥ Dissecton of 4 V3 plart
. |23 B shonks many e Shoots
L?_‘:""i_____..___ I [potential aars), Thede
Johnston, 1A (50131} M develop from every above-
W ground node sxcept fhe kst
» i ght =
47,7175 Lnihuds, -637143 Longiurte W :Z:'E;’n;am::mm
Precipitation Estimator \ gron fant at first, but only the

Upper one of two develop 8
harvesizble sar. The number &
o kernel rows & determined. =
by V& Tha tassal boging o 3
devalop rapidy. Stalks 5
lengihen as the inemodes

arow. By V10, the time

betwean new laal stagas
shartens in about every two

A1

-}
W oam W oam s 1T

5 L

Growth Stage Estimator

1% 13 Pioneer® Field360™ Tools
2. 7Y 47 2 J=/Ae d3

7}. PDA Information System
PDAE o] &3 &4 HH3 Axdlor w3 54, 34 A & difE dA A olF
€l
“

ol - T

HIHMAEE o
=] « WHME: 1-1436 « MHWE: 141323
i |52 [eaan (25 28y [e2 [eu [=d s i SN
L e 20040523 B4 ACE 104 REM EEC I TR
1-143% T e =i
13653 s 4 | » 1632 2007-05-15
1-4070 &k pad  |an-s-1s
1-4060 HE] : .
1-4069 n= g2 [A9zm= = » AT 0
1-4156 s sawe [FomE S tz. |aey  [Hsww .
1-4161 & = = : 1607  2007-04-08 EUS 12,
1-4174 sy ;e O @ns 1556 2007-03-18 Eué:2”
S| il 4 ¥ll| |
it 22 HHE &8 THH'Y aba

12 14 PDA &84}

. wrs 2ol
HGES s A% A, BEEE, @207 L EAA B AEE AsEe SntEED
FAA QAo AxUe 23T 5 ok wael AN slg 2 4% 2, oo,
AE B Qe ARE svfEECR HAste] A, Aud & A% BAY 4%
$A A7 S Atk 7R 4ve) e BASD ANEES 088 A BUHYR



=3 MulAg At =5k, CO, AN & FASE HolHE HAtow FRlsta
YA ENEAA Agshs A ZE dga] A=, S8 842524 -3 5 LA
AT ¢ vk A ek AUEE vusAY e, oL T 23 E Vb
a By AR SsAAE S AE R v E5ol AWEAY &5k 5 wAE A

=gy A=

N . -
o
LT

S ENELIE| 8

ZHE(7) Hof

. ouy 2 Mol
HE|7) & 8 Mo
On/Olf MOAl & 16710}

7| =B

HEAR| 47 onfott MO
AN 255002 HA|
S HEHEA

4 HE AR B8

2.85.C02 ANy HE
HMER, e SUEY

izt skl

FHul2t Shey s 7| PTZ 7t} Hio
Yy FYSY PRESET, ZOOM X9
e WA
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A 3d 598 volH HAF EF
1. 549 dolg& &
7}, 1SO 11783 (ISOBUS)

[SO 11783 EFEHY 23 7]o] H-2Hd A, AFooly, AoAGX], Ad7d=], tl~Zd o]
A5 dolg M4 Elolt} WS AHolsta rl. EWE [1SO11783-102 &7 A
BA2~E3} Task Controller AFo]9] FA1S Aoldlt}, HolHe= dHgor Flo] 753}

tlh. AlgE FYLS Mobile Implement Control System (MICS) oA &2é}+= Task
Controller® &% a1, 24 A= A sFHdHBA|AHoR dFHT. o] 419 3
B+= eXtensible Markup Language (XML) (Bray et al., 1997) 3o]w oJojz o] ¢l
own, 7} wro] o]FL ko2 FAHTE [SO011783-112 ISO 11783-10904 A=
Zyzyol dlolE =EE 3k A¥HztE Abssta 9rd (1ISO, 2009, 2011). Suomi et al.
(2006) = AAl d=Aol A ISOBUSE AH&dte 2Zgolo]E o] &dte] AL s d<
]?ﬂiiﬂdr. == veu g, 344 43 solAFH sxdo] #AYel dyoF 7b#] ISOBUS

ol#]gt AKX = ISOBUS TaskController2 A E% o] 52d3a] A KA
2B gt ?'5}5\'7}. SHAYPHA 2L o]F E&sto] AHAY F AYRItE

Fasree.

. AgroXML

AgroXML2 &8 oy wg-s 943 xF3ste dojolrt. o= XML 7|ukstar 9l ow
XML 27|v}E &85l Aoy ‘:} ° T FHE AZEC] JILAN s71A FAL
Y8 AH] = ﬂ/\} W E=9lo] FZE (the Association for Technology and Structures
in Agriculture (KTBL)) o <]3jA] 7HH£EJ At (Schmitz et al., 2009). 7} #te] Wi
#H2 HH 1.52 201083 10€e AT 18719 BEE=2 FAHo o, AA F2<]
S 7o g2 wrEol AT AgroXML2 IS AME3hs X2 EFQ HyperText Transfer
Protocol (HTTP), File Transfer Protocol (FTP) %+ Simple Mail Transfer Protocol
(SMTP) so=2 dAF=E 4 Qrh. T3 [SOBUSE Al&3dt 1A 7IAItE F4le] 7153}
thar stk Al ofe] 3|Atel A AgroXMLS &8st Fd® Al4b7], EurepGAP,
KTBL-tool &< 7H¥atal 3lvt (Kunisch et al., 2007).

=

?8 m{o
=5

o I 99 BES
Agricultural Metadata Element Set (AgMES)¥ Food and Agriculture Organization of
the United Nations (FAO)OlA 7dst o= 548 gare Ay A 534, o
olf g TS ZHow Ryt (FAO, 2012).

AGXMLE FEFZIAES 2N AL EFoz FEe] 45 A A44
BEN EEYS Austust ALsATE (AgXML, 2012).

eDAPLOS

Ay
Mz ugd ¢ s JPREdY. ol ke o

W
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Al ARl sAtE AR S

Fel

stete = A At (Nash et al., 2009b).

EDI-teelt= U@ =9 H& dolg st ¥F0
18 o Zg Aol JEtol| A8 a1 9l Aﬂi% H
24 9lt} (Nash et al., 2009b).

T8 dAA e wdgAe] doly ugel] i w3} F87t S7bska ok ULE,
T, AA, AFE, 5do] ofE A% AU3E AL agriXchangedhs EES WY
3lal ¢lv} (Kunisch et al., 2007).

2. ¥l 54& dHoly &F

Open Geospatial Consortium (OGC) E%S TINAQl QHFH o]~ XS sl $s
ol HAGe Folsi= 439719 7I9E, AH VIHEHR dEEY A4 Y A
OGCell ola] 7= At °o] FE2 "Zl%c‘ gAstg], A 8 91A] 7IRE el =5 1T
2 Ao 8 EFAHAE A o] B2 Ve MERtEe] Y AZHANHAS 2F
g BE TR &gl As THAAL Bae gt JHef o] §aty] Hal 78&F Aul~
g U F AEF =9FTHOGC, 2012). HEAEe] o Al dis FAA R HAE
shA] k7] wiZol 59 dHloly AEE 98 OpenGIS EFE o] &st=td @Ho] &
T AR, B S 7HA vk o] AL on ZFEstE thEA QIEHo| 2] FE B
HAQl MEolar, oY 7k F-3lo] Zhesitt H]O]Fﬂg A Fx, 53 AEsgel A
© = OpenGIS #3238 :=3o] Ao glon B d= F3dA veolgE AT -
Atk (Nash et al., 2009a)

BEA 2L ket AA e sAG7A, AR Fabstes dde sHAR
AMul= T3 A2 F41E alfoF gt
General Farm Machinery
o ——
1

Mobile Farm Machinery o
,ﬂ'ﬁ!‘?" 5

:) ...:_L___m‘y

“' »
% Frras ey \j
( : - ;
e — -\_
— 150 11783 I‘“‘:' Smandard ===

‘QEUSI
Sensors with

: mipatlal.m/f‘?abaﬁ oae
fl"ﬂ_ - b
o )
-

—

Agricultural Information System

weh Servics
(CpenAPD Oihar Farm Management
Information System

Farm Management
Information System

> El0

User Interface
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29, &

gtk ISO 11783-10°1 w}

B

th (ISO, 2009). &7 g KA
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A 44 FPREAH X
1. 59859 AHo & &F/
FA R g Fo= 27k AHojmrt ofgheo] zpol7t glont tiEiolsitt. Hxe] Ao
Frank (1987)el 93 Ao & sHBERG s54E AL, dof, &v)o) A w37 =
Agrgel Baz s B, AAA A4% @ ‘

(2006)= sdART A0 w497 A oA AFEHE 3 A 7hE, F,
SN Aoz Aol gtk & vQARE I Are LA

frorle of

o 1

N Y —]‘j——%
g e YL e EAR, AnRE, A 2 ARl A e dEE e d
$917 BAE BE Aug el dh sAn: Beode BRANE 4oH)E

sttt Kim et al. (2010) & s{ERE vAHoAY AAAR] R e 4749

= fld A ® o cdSehs A A S ALY 5 s Aol Ak

AN sdARE T77F B7] "o olE aFselds d1EC] AUATE Lee (1998)
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USN(Ubiquitous Sensor Network) A]|Z2®lo] -5¢] Fofo] HEL WA FEL AAME 2 A
»®lo] x84 2D AZudH =HHo o]&x i Yt (Wang et al., 2006; AEH et al.,
2009). sHAIRE L "ol o] Fxu By, A ol Aolste] AlAHelH o (RS v
= Aol FA %& 2 Aolt}, Steinberger et al. (2009)E QL2 ALEEHE do]Er}
T2 =Ab, olmA], TG T e FHY EHloR Agd o i, ofd HAIete
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thE Il HE S X a 9)7] il o]@tlar 9t} Steinberger et al. (2009)
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Aaksiar lokar 2 &85tk Neményi et al. (2003) & 912 4 U= HlolEHE E &3t
H2E 3dS AMEstE slo] 5T AT EYAE ALEEA ¢lofoF sk wiolyE] HdS
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71%%S oulgt), dioly FA4gle] Exe T2 a3 S A B doly Sy Taa
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of AAIR WE R AN AYAdS w713 a9 Fbs Alwsks Aotk viATte s
tolgro] 2 S B Sy Ao Aol ).
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Ao Aol Frlel AR ar, FEE HF o] RSA Y HE EF 9
o Uil =2 #E7 & Ha e SFE9E Al2gYel dHolgrt AFEA HERE FY
Aol Ax HEste dlolge vl 0 %2 5o Bt PSS §AT = dvk. E AT
Me S99E AFE7ls 5 AR 7 AlYIEE E8ste] 7]l Stand-alone B
o sl v sHAYUBEA LGS JhdstE RS Aldketazt o

(2) AP
b 7¥est
7HEskE Ay el A5 E el
2"L JLAs= Aolgta o
Adzretal, Al=Ee] TS 3 : s
$EoAe) JpEke shte] AFHE olel Yo = g i
B @ AFEE sl AFEHAY HolA ok on= gt

_72_



O 7V 75 Ve
73t T2 AEE Bochs, QEMU, VMware, KVM, Xen, UML &°| 3t} AL3= 7<=
el B4l oy}l 7lA oY AFoE zFol7t e A= A Q)

Bochst x86 #HFH Al&@ o8& x86, PowerPC, Alpha, SPARC 5& ¥33 t}3l =
AEA A Aefsw], ZZAA WRE ofUE} 7|HE wf9 T ooy i FHYIVE XFE|
AA Al ='E AlEEold gt

VMware:= 714312 o] &35l wlE 84
EOS¢} st=dlo] Apolo] 9jA|sk=H], o] gt
gols AHEse AXY Each meb 05 £Hgl0

olsiutol 47k Fahelolol 2 A2
Rol A2E0SEO] AAl F=
A 9 Abgo] A ah

el Aol el AN ez giel v
gel PCEL & %3 ole] 05%

_>.:
R
=
=
FUQ
=
do

ox
e, fo
-
N
=2
E
K-
@)
0
10
N
Mo
o
+

@ 7Hgste) 44
A ARAA P T1Ee Bae 4He 1A
golth. @Al s= M:

A% A3 gk AL

[,
24 it

L
o]
'~
In!

2

i
(3

>

o

o

N

N

o

FHA FRe vholadelde] drkt Aolth 29N m Y& AwelA EAZF TYHS,

Qurgel Ao AusE Bya] s ANE Tusy, $9A4 L TR

AAee o) s Adel Wast AW AaE AnaAe e99 43 A

A olmAE FROR fASIW S Bt

AA FHe AHAEFS FE FHolth Qg BAAE S8 vhux e A

HE ARG o Aulslopaith AR el WSS HEde SasdA dd
= MR AER BESE vhea ghe Aol 49E Be AAauE 29 5 ok

SHE A SetolH 2 7 A ZetolH vl Qv wholARATE A7t AAE 5

4

_73_



4 MS-DOS ZZ1#E EAUTER, Xen T2ES 22 AXE $9 AAE A=

R} e, 71gst gAol A 21t st=dofet tigsly] flsl A~E 9 AAE AHEE

= Ui, 7 AH =EtelWE ALEste st=dlole] dRE JMdo R F¥(emulate)dHrt.

olglale] 7hg WAl QoA Eoprti= ARE 9 AAG AlxH DEholmEL A =
e =

AelE Eel=l AA

(AN}

B 25 7lEe ES I #tE =S ES SY2HE At UEF
of A a3 wE =Y des ATstH Al=® GAdo] golsta Fefjdl tig d&s
> 5
System, OASIS Fo] thiE# ¢l #4F 7 A|~="olth. Cephe Az 3EY o}l tfdtelx 7§
st e EZREESFTY AAVINE S ~H 9d A]x=Hlelth. GlusterFSE  Z
RESEARCH Inc.olAd 7@Es = ZFe|xAf $¢ ZPZzorn Ze|iay] wAdA A=
=

GlusterFS, 14 % #HA#FH FH2HE 74T 4 dE GlusterHPC, A|~8l I 28] A3}

9% ALY E AFsH= GlusterEP7F E3H5] o] It} Google File System< =9 o4t
2 S 2E AHlA FEEY Tkl He gdAAFlow SHo|dE, wiaY, HA A
=2 A ¥ Hadoop Distributed File System o}z T2 AER L= QZ L~
T g Aolth OASISE FFHASAATL AGAI =" Aol 7pdg A 7|ekEy
28 dd Al2"lo® FM, MDS, OST® &%= 3718 MBA g R FA S = 540
ATk (AFH 9., 2007).
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G Ao vl EEAl T At TSI VIS HolHH|ol A des Foli
AE W =AY of Aol ofd AU f WAHoET o] Jhsste] B w2 A9
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7pdstE SEeE AlaElS FAS] flete] Bad stEdol® 4d] SAE AMME F
v &kl o] st=golE ojul FAE Ak dloly A% ZedYast g AZA =AY

¥ 15 uFarm S5 AW st=4o] T4

Type Usage Model/Vendor Etc.
Server Namenode PowerEdge Active/Ready
R2101II /Dell
Server Datanode OptiPlex  9010SF Parallel
/Dell
Server Hadoop Manager OptiPlex 9010SF
/Dell
Server XenServer OptiPlex  9010SF
/Dell
Storage Storage of PowerVault
Namenode MD1200/Dell
Firewall | Network Security Cisco / Port Forwarding
ASA5505
Hub Private Network  V1410-16G /
HP
Hub Public Network V1410-16G /
HP
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l.‘?..' 16800100 ~ B0e I | ‘
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193 16RO 2T

[ Hadooh namenods ] [ Hadioop Datancde ] [ I'IJdDDp Mg e ]
Backup 132 1680.01-34 132 168.0,20
9 54 uFarm SeH%= ABFe] EHA 74

_75_



(P EatdolE Eel ~E 4
HadoopS AHE37] 98iA]E= MapReduce®t HDFSWF FAJstH wcta 8 4= o). x|t
Hadoop2 Hbase, Zookeeper 52 ABHIXZAELSI St/ AlgFojof Hylslal AJAHA o]
=t F25-dEte] CDHYE Hadoopd MBIz AEZ 534S F-X3HA A AxE
F AEF AFE = wjxdo|t}, F9-dgtE HadoopS 7HE W 3 3k el v A o]
W AR Hae] S99-E AFEZIYET shuolth ARl = Zdkg-ulgte] CDH 7|8k
o] FAtdlolEj A g Al =8l o] X = AT

Hadoopa P&k A9 RaS 7FA L Qlo] ¥ 2o ofg ¥ ¢l Rdd A§e 4-%x0]
ot} & dlolg 7l ehH HAE i vk davt gl 49l Agsith =2 34 Al
EfAdA ¥ ArRe ¢H FPEH WAL olf7t §l= dHelHol2=E Hadoops At
3ot HelHE Adste A Adg Belgta & 4 vk E3% Hadoope dH=9°]
Zhol gk digo] wi-¢ Frh FEEHE FFH8ke stk=dlo] 7 oA o el o
Q- 52she AL o] Aol ofuel 4 WAskE U<, Hadoopa ol ®

Q%
- sEdo 7t
A

1
5 2}
$gl A AEOoR BIsE 715 AHa Yok

HBase¥ Hadoop 714+ Z# dlo]gujo] A~z el th. Key-Value SEHZ A AadA
T 2 o) ;}ur_cq golHo] i Tx22 14T S i AAE Fxol7] wiEd 23
< HeEol UukA<Ql RDBMSel Hld] USN AlMdole Hzlo] #3HS zh=t}. E3F HBase
o 7b 2 AL Ui delEHE AtE A A HEIHA L dHolHe dugS H
el = Bol7] witol, Tl USN AAE ZAstsidets 459 wA7F §le 3oz 7
o o}

(th 7Hdsl $2ae) =9
A ze] 7)ol
el ol 5919 058

a}

o
I

ol
o
Rl
>

==

rlr
N
i
o
N
ox
e
~N
o My
-
I
2
O@ 11]
et
¥
%0
v
N
ox
o o
s
ox X,
=
r <

ol
=

% o
2

ko
El

N 2>
forlr o o

A

N

> T %o
oo

I, oo
|
o
it
£
o

Toox ot
(]
Lot
oy i
do
c
R l‘_?l',
4o
O
o
il
4y
o o ¥
o X
o |
i )

o

e
%0
ks

o ki 1o O o wl
N
N

o

T

=

a
it
Q‘L
<
1o

N
N
X o
ot
m

% 7]% 2% Bochs, QEMU, VMware, KVM, Xen, UML 5°] gt} A st 7]
St OME} ZHelu Ao zbol7t gl o A

olE| 2 x86, PowerPC, Alpha, SPARC & X3et thgdt ZFolA]

Hu, T am Eok ofUet JRE, mhe-2s ool thE FUIE 3 AA A

AlEF el Btk QEMUE Al AlxE o Eeold ZEo} AL&x)

193, AA A2 o Bgold Rt Bochs9 ]'}\‘O]’U:], &

o M
>
oy
:Ikl
v
>,
nqn

o0 g o2
il
N

L
0S5& AAT & Arh ALA LE o Belo|He )0 A
o] mEGIAE e o}y uAE nolduE APt VMware: A7 o

4 I oo o
~ 3

g

L o

o

it

;0
o
B ow

_76_



&t WhE AEEFACR sfolvjutol At FEolo] 2 ALEOSe} =0} Afolel 4
Ak, olelgh 4 wlolo] Yl AXEOSEC] A st=slols AbgdtE A" §
A meEbd 08 4 §lel A R AREe] Jhestth KVME 252 Al 2.6.20%H
TAst] Hel= elma Adel V|2A R sAHo] Wiy v Ay &
FAoH @ PCES Mol gdit F39] o] 0S& A4 2 9% + AUk Xen
H7PEst WAs ol 83 eEasnd Rt N Etel] winel 0Se] AEE Aok
A g AR Ao AAl gl AagoR A" ANE st

A4l shmsllo] FAAE AW vieh o] 4vhel AHEEE AW Eo] WA He] glor, 7}
Aol 3~at) 70 Aol 294 dgold. =, shbe] AuelA 3~a7e] 7}
2 AYd 5 At FEE AusE T4 Al oldle age P sEdelel
B £THS A8 Seolth T WAl JbgEMe] SEE 12,04 Mol HAHofgle
W, o AEEEe 9% gl 30T F Ak 08% 1Y e A she
o5 tshgAoltt

kv

289 BAMY 72
(1) 9718

8 uFarm FGE A2YE FHEH Yol BATeaE L Feessw
s}

)
&

=

R =
o5 WANHE FHSD o]F Boto] AuiAE EEHOT 83T f
Z

-
= Zo] mig T s

A

u-Farm Z¢9-5 A|288 Z¢19=
oF 71 o FdE Mo s A4
AH] 2 o] ol Aol 7t AT wiitel
o AW A9 x7] A A A

a2 oy A TA so=

AgstA "ok 7PHAle] A e

£y
2

¥2,

o

2

(r

o

L

=2

o

[

2
) FLT o
Ol
N - OH é{
e
£y
>
td
i
o oft
ol
H
>,
[»
juii
flo
=)
vk
ol
SN



S
T

E

CEEEICE

o] Au) EFoly}

=

j -

o A9 7 57}

2~ Hl
=

u-Farm 5= A

pTEH  E o
o A T T B oE
m@ﬁz o) ﬂwyifgm
o T o 3 w o X 2
vﬁgﬂ,@ T L%WHEEL¢
o) Yo o o] o r s IR
=, b - W mﬁﬁ%%%a_d
o B — iy r
b = = ) %@ﬁ e
RGN T o 4= T A
do up W uf%ﬂ xo%ﬂdlﬂuma_no
= T W ) T ET R
o) ~ ~ T ol E‘r_lu 1ﬂ@1 e
oA X0 ! ¥ o) ° _
N =o ~o il o o ™ _ ;
X qu mﬂﬂo — O_Edﬂllo OﬁE >
E - T o L
b 0 JJJ:U _Moae%}ﬂﬁ
ook B oo M N o o
™o I\ o # - T W_ o) O_I..l £
3] nl — — S kI o) iy zJ i
< < W 0 ol o M AT
w ) o = = — " (Cy - B nl ¥
~ N ol w o Pom o X M Ao ml 7
w B Yo e DLW E R - ” 5
ﬂ” ﬂ ﬂ \_Ly Jl . o PR 1 s .c.‘nft 2
wo o o W ,uoum B W g X MM A BT rerenener A ] B
¥ B0 ool gy < g T Y I\ ;0 | ¥
urmmﬁvgmol T W %%@r Cul o * Bl I | .DH iy
BT Ry P o SEIGE e Fm tat
do 75 7 A WOm %%ﬂﬁ%xb@ o8| ] - [pm |~ O | &
w A A o - ' TeTAT i FE T ﬁ
g ¥ o XT T @wﬂwﬂﬂﬁfg i i " ] ul
AR T _ | I = 3 ik °
ﬂﬂwarw %E - lﬁmﬁlﬂai%ﬂ .1“.; s Q aw
sIzi% Zug _ForEzavy L] 3 :
il T io O_ Onﬁ — R G o B g _ul ‘Ol Lr? ) 3 %)
L NT W o WA T I shogehensnssasands Q
g Mbw TRL Pomr B g, O B2 -
W .® 5 T T A,of%ﬁomﬂﬂrmm1mma — 4
LTeTRE Pre T EE e A
W oo 1 = G dﬂ%%ﬁrﬁw%%@
G ER kpw 5w T
ﬂoﬂie 7 ﬂmwoOL —~ O ~X ~ o = T o
o — K X o 7 K M %o
O T TR L o I & B
~r 10 oF op o o ol = X
SR R S HEFT WL
° i) T ol Bl c _ZT.:V
i AR T -

- 78 -



(3) A7 N % A

9 58 HARYEY A= A4 9 OFIS Ale]E 3td

_79_



4,
uFarm 5= Au]x g

7|‘. OFIS J;I-’Zr—-l':— 7]-_14—7E|7(']E_}\]}\E4] 7“]:]'—
o put [e] — =

(1) AF7M84

t} (Sgrensen et al., 2010). u}

™

&

OFIS #5712 A 1A

1=] e
oz Wy EAT

1)
=

2

o=

AXE

g

Aol A A

ER

W
o
P

2 A 28 9] 7

o
XO

Ho

b

b

N
3 ey . =
8o og v w * 3T
ofr B = . W = —_— o —_—
CI R A X S °
I w v » T I
M % N i = Gl
W 0 "N
o~ o | M_f = 4 < o oﬂ :

= ® DT i Sl P W g

o W o < M__/l = = . B

oo ™ o L - g F

B ™ S = K e woox

T — o o a, R ™ o

C X x oA |F o K e oy o W

X X = _

XPo @ e e AR aallal Mw o

ﬂa;mép% Sl S T o=

i %t]wou ol o o i K Mo O <

%ﬁoﬁﬂwmﬁmﬂ Bl o A o} oW =

) o R | wmwro do = [ X fom ~ =

. LN L]f o |Ho o mo ! mr o o i _

0 ,HL ,‘Imrﬂ 0% - lo E#U o i | G— i:._ ~T o
T = ™ = o ] SRR X
N = X w ol vo 4 | Rl S
ELEENM | EERRO || EF R

N e LI wE T4 B o
slE B B ) wo|__ -+ M P len s Ak ol R
ﬂﬂwﬂ = MR I C ol n Y B°

L mm I oo o <0 s e M P .
Rl | Piiill| B Eppad ol
oy T B K| Pl o MO =|x | n o ln] Mo N
xEA%@7ﬂM o | lek | 1@‘1@% ar| o] N &ﬂ&ﬂmﬂ%% wy <IN
N B N T I I T [ oo E Pl
< e | | S T it I A T X %o G ool
Mo N O Dl | ™ HoloP M m miRel | 27 N 5oOE = o B

X< LR R xO X |ado|< | ™~ o O o o W

- of W | Ho | 1r4#1 i _,o%l%w__/l? N ol

1m0 _Zﬁ ﬂu ‘a ~ ZH ;om ﬂwo ‘ﬂl O*H & Oﬁ_AH K ﬂA| MH

T = M| o B iy e W o ofpr
W | b | Z i ] I A

¥ ~ S| o o T el T .

- W i o

_80_



Y

3],

Al 2k, w7

=
=

T A, AT A,

T, Al e, gE) e, 235 970, 71E

Ho

B!
T

o

pase

|
<]

il

Hr

fred

B
file)
)

X
ol

=
=

ol

o

mK

ilin

oA ARSI HEE 9

=
=]

13 4

)

:rL
°)
Y (mmolA AE), H7), A7)
(B504 A8, 374

o] X

M =

- &o E.:l

i
- -

£ £
o8 N B HE %O RO He RO

—_—— —_— —_— —_— —_— —_— —_—

T XXX RTK
it N A i N N A i A
LI G T E RN SR S R
WﬂWﬁWﬁﬂﬂﬂuﬂﬂﬂ
XX TR TEAETE B
HN HEE T oM E
TN B m RO RO m KO

—

7F=2 1,23F %

=
T

)

=S
"o

o

o

el
B
o

o

—

N

o
T
oj
ok

ey
B

o

oy
NI
%

—

0

o

_81_




=
%0
=
)
o o il
w )
— = X
s m \x -
w - mm |12
0 ) =3 =3
o i TE 5
N < P =
T | dlo M
= 7 gy : <
ol . M) o —
B i _— ~
o0 ‘;Imy! HT 'y OE A = ﬂ
B g : wlm o i
[ Nk 1 Bl M- — L B oy
o T;.U ool —
moﬂ__/ﬂ - &o —| .. NN N @M N ,m._ﬂ
hogm® R e
: Lol SR - = =
_Mz:“%ummwjmo aﬁaﬁﬂrao;lmmwmﬂma =
i s = o .
mlol W R RO om%@%%%}oév il
A o — X B |°
G G E ! ~ o ..o .. o .. ;
xo(d) N I ) B = o> r
Ho|= OF mﬁ e]ﬁ m._rﬁ ‘on uﬂ ol m._ro | er_. Hr ~
G Ho G e I
, ars
o il
‘Bo N —
oY ] I o palin
e 3o
©

OT 0
[ =
o |
< ol v
5| T v M
2 m %
G ‘.WO OﬁE l| \%
| i i i
NM (o O# ﬂ_wwﬂ
poloe A
Hooele SN
- B o
g i m,m, 2 )
5 EE 4
i mﬁ XK o
= O“H OW O#E
cdlin of _ M b
o | A ~ 7
R D
- = pl EE= -z
mw H B wm | wu -
™ oo b U
N No X e o
el oyt oy ny NO| =0 w o)/
=0 | o ~ R r
o W X o AR ol  —|_- -
Bz N e N g o I G (2
— |0 I T —|— B |E s
jan X EO — 0 et ~ ll ‘Uro Q
ﬂmo .- ﬂNﬁ wAy i ﬂArﬁ % io Wﬁ ll ZTu ™ NI
LESENE Pkl Lz
A o o e I e e =T o T TR
| o X o e w.“ = E,mﬁ o o mﬁ
! T N - °
) N A B I A = =3 W
LMo wmo I I I ) I x| frix ok ie° ~
i S Lol olor = A
| = T NN
_ w
mﬂm WL# palin mu_ Bo |
A e = || XO |z = T M
Ho Ee cl o
o9)

- 82 -



- 83 -

< N
) = &
B N %
J| n < ~—
p N
i) 5 o > o
& . = S
- 3 X
o NE K
ojp Hlo ey o=
! mo s - K
" o A e
= BT |2 o — @m 3
= — y
ol WMW LN Mm ol Wﬁ i ToR
m|E R M pf <« % i NS
RN 2 & | = T
Tl | e = ¥ ) s T
_ By 2 o ul 5 | ~
_ML o | X x MO N s T % o Aﬁ. °
’ o R | B 7| w i 2 >
. :amﬂEJo_ i el FE B o
| | TF o ® R o | XX A T | E o 2 oy
i E%@EE@ = T ﬂﬂgz@@@ .
T | = ] o | T VO W_ | = |3 o - v 3 - - om_m o o = _Mru
qum mﬂﬁuu T aowm@iﬁ =0 EWwﬂl %Wﬂo il
By o WH;LJGJ CmeT E M@A%aay% W
“|L2E Sy b - N M%%Mzm;ﬁo w%%maﬁg N
x| ¥ ggu_s@@ odo7ew@50 T N Z oo % o
ST E.]ﬂﬂaﬁﬁoxo O#E_Sﬂkuhl, HL,ogxﬂx i
- M | R | ~ mwr o = | & 9P e Aﬂ i = M Wy X P T
T = %Wlﬂ1£§ﬂfﬂ EE drﬂ,ﬂ EOMﬂﬂmmW% M
o W = | xO Wl m —~ ™ | & o Wﬁ L N BN b ol NI KO N <
% ST % B | O | @ P E T o  Ho o
D | o ioaougo@r1 or N R A = %W%Qd&% X
X mrw T < & w»a Zo Mo | g0 W o) | R X Mﬂ A
z w || | PELZEE Eﬂﬂ@%% -
7 g U v l w s KT wu:ﬂﬂo T
w w2 b 7 _ aﬁmﬂﬂwgem £l
S W & %%% = =7 o B 5
— | X W
— M
— P
B




o

e

3

s

Ay

A

gl
< o Jo
= | fo |~
| o nmn_ 1

3 o
,_1_% %O = | &
= X o B | N
= <.
M EREE K
ou| P A|m
Y AL m|w
or | — o o —
wr | ¥ o S
2 | o | o
~N|®OTom|R
= X Mrr m | &
71_ ﬂ o .. 1
wo |0 N W mr | xo | o
T|T T R OR|T |
7o it = |

AR

=3

X

E]—

I8

e
7_

13. A%

X
0 —
— <
" 2
A o
% >
\a |
o B
i il
ca i Jm
5 T2
sl B ol
-~ | — X
~ < X o
il e S dﬂu

D R
Rl L
fiie) O# ;O._ 21_
ol ® | W
B WO | o
op | B OF |2k
o] [ ™
O WI %0 WIL
7|7 x|F
T o N
== mw =
wWw | %
KK AW
7 7 — ™
|7 (W
HliH | B|®
RO | w0 o [T |
TI|T ||
e N =
WG ||

)A
B
i
X
<
=
i)
<]
T
O
w o 0
m— N
Loy "o
_w% oA
oy XN OF
AT
! i_ G O
0 N
Dl sz 2] |E
X ase} l ‘IZJI N N
%o wo X owr i
Jolar H * ~ =
Bl o WX B
= |o" W T -
T O e
1& ‘mMO .. E‘nﬁ MW—H ﬂ
(A H A ojp | 31
TR W oF M| TE| N
=z |21
X ﬂ7|1_ Oﬁ ‘ao

X ToH
o o]
= i

-
2D
N il
B ry
Wl
ol IO
G2 ::“ T

=
Eﬂg o’

nace)

S
T
o | © ol
SOl LY
Ho mtm N
o] X o
g % E nmw
— ™
S 5
Alm K] |7
xO | Wr mo o | o
T DT |
=l |ZT
X ﬂ7!1_ O_l ‘ao

_84_



Wnu
o (o
Y <
: _
- - S 17r
T = ™ - a
w, ELﬁ ® B o
; o i : :
. e : :
o |2 |- \
ﬂ M__. mrt Mu Mw =% of %0
) B N ﬂm i ﬂL : ao
ol K o o 3 m 3
; : : g oF s ors
E o# wr g oz
o |5 1| =5 ﬁ
) ) = 3 : : 1%
7| X LM gl ojn 5 .
— _ 0 oﬁ - = - L 1r
; al o J - A or =t =Y
o LN A | T o e :
Bl o < o |E 03 :
o g o o ~ o i :
: : ol Wu - wwu AR < ) X
%.%maxﬁﬂ E b B T e
™ — =4 5 :
o) = X W T o o <
o womr T M mn_% » WH : Ur
ofi M o v MA : Mm Mlm AT w
0 a N W o : _i L 1_
mazlrﬁiwrm% mﬁizT 4% oy
7 o
ﬂwaiWu.%1| %mﬁk w :
= |4 = @ }v o I © g
: 4# b E R 2 a P LT oo | —
s ~ —_ =y ﬁo > | X
x R m = I X < | 5
o _ﬂh% wr%mt n gy | Ho
‘.m_yo ;A & mﬂm ﬂ_wﬂ LU H_A| E gmv_.o
N B < 0 :.L - MJ-M i,
BRI
no o Lm &
< | X
o
o
M
ao

el

i my

fue W mﬁ

5|5 :

I < ol

| J o

3 : 4

15 2

N or N - 3 W

or - : el WM _

N MF ww : M :
~

e B0 , : : %

T ; : u

4 = Jo | g

) " il

rJ W Th i ! 2|
) oy w,@ﬂa >
— T = - : mﬂ
;- : g o TR o
NF o > : ;
0 dﬂ :.L :
T T P ik o E :
gy w |9 > .|
) o~ % wf o b ﬁw
:i ﬂ_ol _&o 3 ST oE
oF et A . aﬁ :
v - N o X : ; .
ZTE % Mhmﬂ, :
OM ;o MMV ﬂWL WH_M Mﬁ :
oy AF iy N dE
— ; N
oF o z]f 1 X M W - ‘
Mﬂ ,_ﬂﬂ 7 J ,OI M S — EO
m,mo = |E s %
- M:. © = - o)) ﬂﬁﬂﬁ
xamuﬂw]zg mﬁ}]i
2 w = il :

q %1rﬁ,%
mo ST . -
B i e 5z

! a

e

oy

od
il iy
‘ao

(b
%Jj] o
21 Ef o] o]
2 7

3

=13
=

A 719F e
JE = 7l

KeN
-

=]
JH 7=

s
=
A} Ao
LL}E
=29

=
=

A
j= H57H

A

AT,

3
AE o)

71 =
slolth, =
EAZ F7
A Hf
T

Il
=

iJ

_85_



AAZ ARHoR HiAFS FAAHUS BESY, B ATRAL A3 FHAEY A}
Fol thalAE FHER Aol wAEA ke,

sk
ghol Al g 9 L oS 7herste] VI E7HE g aldl €849 OSE linuxE A
ol on, HesrtaEARA 2" g e oh 2
3 16 OFIS #5577kl g BA 2~ 73k
A E 9o W |5
Apache 2.4.7-1 A
PHP 5.5.9 2 ey elo
PostgreSQL 9.3 gl o] B w| o] 2=
PostGIS 2.1.2 GIS A 1A

(3) A7 W& 2 Ax
b M A
OFIS #5357t e]| A H A 2~'e OFISe] =H| o
3sl= OFIS FMIS® FH-# ¢},
1. OFIS FRONT
OFIS FRONT = OFIS9| ¢lelx Mu]2® OFIS o ek &7 AR 2 ALeA Q% 5%

23l OFIS FRONTS AA =#aE

o
O.
ol

YA =" AF, AFHYE AHE T 7e s AEshes AH]Zo|th OFIS FRONT®] |
T e 3 B}-EJ% Fia=
OFISE? S A 2~ E
OFIS 27| -5 7He
OFIS 715 7 AREAE e
OFIS ¢& 7] E}
A e AR F
e = 27191
TAALZ Lok
Q&A AA|F ZEZ| A 2~ HE
A7 s3] €] W0 252 5}
H A3

2. OFIS FMIS

OFIS FMIS = ¥4 Wz Aulasfan fess sguesagesn sgo oat g
A 7= Z#*é, el &4 AR 23], A% AlaE A B 23] o] VsE Alwst
A= dy e OFIS FMIS ¢ wly 748 thga 2t

u

_86_



w ) )
) ! 7 AW R
THTRTT WTREEN

TRRRH WP ] T A

BT T A g ® by T o

A ERERTA AW TR

%0 %0 i~

o3 ° W

oy

W
o W W oo ™ ™ T o
THE AT R R R

W T HR Ho o XX T o

RN T R W DR

o [\

Ho o

5 a0

) F8 7]

J)
25

!
OFIS FRONT

g
AHE=

E L TR ]

o

o s

wyEs

Boan

Heds

asn uy

L&)

19 59 OFIS #<571ae] A B A

A4

@ 4]

o] oAt AW AR W EA AW 183 HA

=
=

AlA

g}, obdle] 1w} ol

oL
o

7155 Al

22
il

_87_



HOME | LOGOUT

PE ] Mulagte)
s

I AManaa|

AR

b

,"‘# L= 2|3
suwe

M oMo e
ﬂv_%wh
_~'
N o |
o[
MWQ%
X o
‘m,uhm._lno
EOIJ 7'
o ﬂ_Dl\UAI
B ow %o
53
e T o)
ﬁooiiﬂ.l
L__o " T
(LA
=1 ﬂmodu
A TR
AT%A W
T -
2 Tw ;
= dﬂob_ﬂ%ﬂ 8 748
X RS m
| T T
Th W Ao,mu_i § ‘ M
M]_ %v:.dno# c %,
oy <P R o M g
% = | X = 5 M AN
TIIL:A a LS FRUES
‘I;AxA
i wfm Boom
o — Xo\mﬂﬂ,_t ]
Lﬂu BRI ..
< Mo % )
S 5 S |
T X0 . . g
2 o H_uﬂr 1 0
[, XY = — K ‘L:,._.Ql = s
@) JyAl,ML yALI_/_Al;o # ]
= X <o E 7
(@) as —_— &+ w
S B ST B
W R Ny g LF
NN O S B

=
o

_88_

1% 61 OFIS I35 7P BAIAE - AR 7]




(h 71
oAt A setE OFIS 3<% 7%4\?%4&*1*9” Sk A 2k 9] A 3] o ﬁiz%w?ﬁrﬁﬂ%—
(Al C-2015-000907 Z)o] Ho Jom HE Go] T5Fo] HEH 2
Aol N OFIS 4% 7}%7@%*% AAEAE 5 1011 ﬂ‘ﬂEM AL
™, OFIS Z}r&7Fte] g BAl 2~ AREA} vl de F5 20 HFHo] Q)

). OFIS ©lo)¥ %3 AMu|x 7
(1) 4718

SHBYAREA A Ao S3HS 7] fsiE Bes SF%te Aol T8%)
th SpAIRE, A]2=Elo] ojn] JjE o] HX|7F Hol S wlele FFol we A2"EE WA
St Aol HA &t} Neményi et al. (2003)+= Hlo|HE A st F 719 v AX EQ
& /\}%3]1 ALdEde A dolgE Bty 18y shbe] AZEofd o] sl
tolH = b8 AZESol] o5 AHzld + e £A7F o], 92E fd= oJAXES}
o Agatdrt. Kim et al. (2013b)& Al 71A] & BFY Y ©lolE A~RRE HolHE
TFHE F A= vEdAE Tt AT 7 7HA @ilo] =T, AAR o= &
A HlolBE Eowx HAAHAY] wite] oA oAX e 71 s ETs vE U
AL, EAE dolH Al A4S 7HE 7 {171 wiEel dHolHE Agdt= Aol Ers st
ATt ool oy 7HA FF HeolHE £ & doH, 712AQ oy A& 7Hsst
Al sk dloly 5 Aul27t skl

A4% s dol AT & JE ® O dolE Beel Atk A Fol, gy wdd
@5 4% gl s wEold ¥ ARE Azsgh S, dwe PR ¥

=

[e)
ATl Mulzel BhE HYe Ad T AR
Administration, RDA)2 74 =+

il

=9 AHE FA37] ¢l Shim et al. (2009 web 2.09] MZE djzirielolA l':?j‘
AE AU~ o] Open APIo 9HA A= ojoF gtohar AFelSlth. Open API A H] 2~

N

IS achine communication®] £& Wi oz Azl 8= RDAS & ‘5%

S :__} m
< AEAel AF 7]3o] Open APl A B|2~& Algstal 9l
o] A5+ cloud computing 7|l&E 7|Z-§% #YE A% FF A]2=H<Ql Open Farm
Information System (OFIS)& WlE+& ZZAE ] A1ZH=E QAT OFISE 9 AE Al~

e
B (A9 EAdEE AAHAY. 244S Wy 98 AISZREe dolgst
- H

observationso E@'EF} golgE Ro=
g 2Eol v oA

(2) AT
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b "oy +=3 o

OFIS dloly 43 11:1]_/;,] giate] © 4= 9l i Al folEE T A3 shb=
ul AlAdelgle]la thE kA= 7t ﬂ_H_A]%EﬂoﬂAi ATs= =9 Apolt) =dAn
A8 (AIS)= 4 JA ARE Algsty] fls] wEolxl ARA|AFO R Fe AAt
o] AA¢7F o Yt (Laliwala et al,, 2006). d& £}, AGClimate> ) 7]we] 713
Au B AR Aagolty, FPA okl A A e &Y flsl AEE 75 7HEA
o] 983t} AGCliemates= v Y53 AAE g3 A7 7]1E HdgolgE o] &3}
o 715 dEE FPstr] A% AR} =E ATty f8 R EAT (Fraisse et al.,
2006).

9 ARE FFs7] 98 Shim et al. (2009)2 web 2.09] M=ZF dHthdoA 5
GHE ARl HEFo] Open APIO| BEAl A= ojoF gl AQtslSiTtE. Open APIE § 7]
EE5& o]&3te] WA ETL AR bE o5 Flske Aol 7tEEtESE sk Ve IE
E& HAbskE dol AFg3E wojoltt (WIKIPEDIA, 2014b). o]& AlgEolAl AH Aw
£ Alzete Aol ofHel A ESOIZE AR wEkE R om MdA|Eo] gt “I3uolH
XS o] 83 tetdt Open API Auj2~ AAsta &83 4 &, o]3tol= 786 7|
ol o AFEE= 7,776 ulolEH E23 563702 Open APl AH|27} lth (MOSPA,
2014)

g e #do] o= vl 79 OpenAPl AH]22%= RDA OpenAPl, %7} 2& &5 &
?J(National Crop Pest Management, NCPMS) OpenAPl A{H]~ 3=+ 7]%43A (Korean
Meteorological Administration, KMA)o 2ol&] A&% = 7|4 o d AH]~(RSS), 18
FHFAAE WS F 3 H A (Korean Agency of Education, Promotion and Information
Service in Food, Agriculture, Forestry and Fisheries, EPIS)e] 2l&l] A|&%H+= =%
OpenAPI A H]2~7} 9t}

RDA OpenAPI AH|== 5% 71&, 59 2 272, dls 2 29 o8 o5 o5 %
gl wdol tigk Ak el ARE x| Y3l H| = NCPMS HE3F RDAC] 23|

ohoo]lE Sl 2 AW Ao 3] EslE Au] o)t NCPMS Open APl & &% 2 &
W AEE AMss 15714 Ve s aglal e R ARE dSes 474 Vlees Al
E =

KMA 714 Auj2es 8 2% Ad 5, 714 24, $539 3% 55 X33 A9 4
ARE ATt &9 OpenAPl AMHlAE T2 I35 7H4AS & 197 AH|s Fof] =
5 7143 ddEg Aol 117 An] o)t}

H|Z o]g]3l AH]2Eo] B5F “OpenAPl AH|2"g EZX|qt ol5 AMu]|A= Adl=7} ¢}

Buk opyg; ALEShe Ve e g2 FE ol st BE A H|A7F QIE Y] T
I3 L 2 & 29] Hypertext Transfer Protocol (HTTP)S o]&3ttyi= Hojt}. o] A
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DD SR <
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ol 3 Axk Rae ] AR FEs e, vpxe gGAE AQg Zh2be] dAlE v
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ol o] thet Folt} o= HlolHE Aot wpxHo® A
o] ghr},

it
o M
it
S
K
i
:Ll

H|E 7}zke] @A e] dFo] taXnl BE gAY due FUdstes dAsHY. BE &
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& FdsAY, XML dlolg #F2& ddsAY doly Jd3dE WA= SHAES
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Thizs XML file does not appear to have any style information associated with it, The document

v<price=
<count>79</count>
<totalcount *79</t ot al count>
w<result>
<bidtine>10/16 10:28:29</bidt ime>
<conamexs 2 k< /conane>
<marketname=d S 2 0 </marketnane>
<nc lassname=Ab2b</mcl assnames
<price>3B6000</price>
<sanj i»</sanj i»
<sclassname>% A|</scl assname>
<sumant 1 B0</sumamt >
<unitnane=Sg TEIE ECi</unitnane>
</result>
wresult
<hidtime=10/16 10:11:8 </hidt ime>
<conanexd S8 (3 J</conane>
<marketname=k S2 1= ZIH</marketnane>
<nc lassname=Ab2t</ncl assname>
<price>17000</price>
<gan] i>25 BEHAl</sanji>
<sc lassname>E A|</scl assname>
<sumant *5</sumant >
<unitname>10ka</uni tname>
</result>
wresults
<bidt imex10/16 10:11:3</bidt ime>
<conamexd ESH (3 )</coname>
<marketname=k S TIH</marketnane>
<nc lassname=Ab2b</mcl assnames
<price>]T000</price>
<san] i85 FHAl</sanii>
<gc lassname>E X[ </scl assnane>
<sumant *5</sumant >
<unitname>1Okg</uni tname>
</result>
wresults
<hidtinme>10/16 10:10:52</bidt ime>
<conanexd S8 (2 )</conane>
<marketname=A S = T IH</marketnane>
<nc lassname=AbR2t</ncl assnames
<price>30000</price>
<gan] i>25 BEAl</sanji>
<sc |lassname== Al </scl assname>
<sumant >7</sumant >
<un itname>10kg</uni tname
</result>

219 70 A A ge] ArHEA) AR

Gaod olstel FA AdRY w ohet Abst AAe] AdHG L 23 ATh scoded]
He AU W A A AA AdGNGE F9 5 Aok ok a7 7104 2
5 9 AEEL BEA M) 9
o

¥ prices ¥ prices
<oount =78 count = <count>1117</caunt >
<totalcount =73 Aot al count > <totalcount =111 7 A otal count>

(a) (b)
a¥ 71 () FAF-AM-52 2 ZA% Ay, (b) FAF-AH 2 AAs A3 )4 v
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Processord| A= API dHlolE A ElLE FHAsle] Ho|HE A& 4 = xpathParser
& AREERSiTh 1 99] 9] processors ARESRAl ¥9kTR 1§ Mapperol M =33
Zyzve] dlole o] eje} Bl91& AA3al, SinkE postgresql DBl AGsAeh © o] 7
- okdabe] ®Ele[Efe] Fx HolE7} Ak FHI} rEH o] Q7] fEel dx ARE
il

HelFe Z=2 FUh o R skt

(1)) NCPMS stream
@© dely &5 2 AFT=x
dolE & wiH H%E wvlck NCPMSol @38t 7M4e = da 2
OFIS®] DBel A&allsi o] &8 +% =, Halls dEe AN &=
E

Fusts A9 dolgrt ohlet nE~19 717ke] /)= Aude]

o] DBol| Hlo]HZ A AsEa o]&3ttl DBl &Rl HolHE Yoles deE gloy
=0 w23 g&Ho=z o] &sly] fsA &3 dHolHu AFdlEia UYHAE B oA
&=t
ep dloly 8 3=
NCPMSe A HlolHE Eejer] 98 42 83 3=+ % 229 2t
% 22 8 W (Request Parameters)
QAWML k A
apiKey String(Z47) Open API o] 8214 S 53 &2 key
serviceCode | String(Z47):SVC32 A AR A =Z3] AP A3 =
proxyUrl String(Z ) A2 =& 913k callback URL
div_id String(Z4%) Ajax 87 ZA¥9] t)io] == Tag Id
SbthMdICOd String(Z47) el Z&
longitude String(Z4%) A=
latitude String(Z47) 9=
Stl’lng(%—}l: =z 3] A] X}
s_date YYYY-MM-DD A H A
String(Z ) o % ol
e_date “YYYY-MM-DD =ITaAA

91 oA apiKeyw NCPMSoA W2 apikeyE 97| gt} serviceCode, proxyUrl<
AjaxH2 o2 8 A B3 =2 RESTHAME o
749, 2 E7E YERGA @t} dbyhsMdiCode: #HAE HeFa=S onjals Ao
A, vl A A Thee i AHE 9 WEalsaEs o

o
_O‘l',
N
o1
o
H
il
o
M
o,
v
o
e

o
=S|
\]
w
=
L
£
ok
ol
of
=
)
o
=
il
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Aast= 717ke] Al Qo] 1 717k 9] 77t = 9ol &+ longitude, latitude:™
HAASEa AL sh= A 9] AR, =S ov|stH s_date, e_datex F3¥|stax} k= 7|HE

= e = . QB A5 7)7F

e | A a5 2= 9010~2014
1000000001 of - Sl Fol b ALk, Al 3/1~10/31
1000000002 7 ato]g-of ALk, Al 3/1~10/31
1000000003 = e 3/1~9/31
1000000004 A mpufuR-o] il 2/1~5/31
1000000005 7V A Il 3/1~10/31
1000000006 oty ALt} wl 3/1~10/31
1000000008 AE-HA e = 3/1~9/30
1000000009 Heoal A v = 3/1~10/30
1000000010 A=A ALk, Bl 4/1~7/31
1000000011 HHTHH Hj 4/1~7/31

1000000017 ALa}-g-off ALk, Bl 2/28~10/31
1000000018 AbH-H ol ol ALk, Al 3/1~10/31

SHAMTES o] &3t stream¥do 014 urls WEARH oSy Euh
http://ncpms.rda.go.kr/npmsAPI/service?apiKey=201313602229983c7a77c36ab6chb

c2adl26&serviceCode=SVC32&dbyhsMdlCode=1000000025&longitude=127.83&lati
tude=36.75&s_date=2010-07-15&e_date=2010-09-10

@ dloly 874 23
NCPMS®| &% 23 ofd %249 om Holy Agojh= o] A
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% 24 29 Ad7(Response Element) &F Hlo]E #] 7o 5
S H W A A %o K ol
dbyhsMdICode | B3l 2= X W2y =52
dbyhsMdINm | Hel% o A2 YallF 3
fieldCode RYPFEI= X Eo A EZ Q3
drveBeginMon | oS A] 24 0
drveBeginDe | o] 54| 2t 0 AREAE G4ERE dS AR
drveEndMon dE=F54 0 Zzg 949
drveEndDe dE=F85d 0
drveCycle EEPLEF7I0:A17HE 14 H) X gt JHE gk
nmowDrveDatet Ao pEolz X wlo) A B3 g3t
riskldex Bz H AdTE HE 0 s ,
- *8‘ == o] & /“%__ =
mxmmValue | HallEgd H Adss A4 0 Sefsel weh AdrTie
- — — o]l ] X~ =% > o] 5] X~ =%
mumm?Value Halew H e gk 0 AR WA, ARTE
riskLevelNm Hallsd H da-s | 0 v, AdaTrite
- Pa A isElDL o _\1?:_!—.
riskDesc Hallsd H g A4 0 =] 3 kel
r AdE Ay rit X
g dA= Al gik X gz oA i s
b dd= Ae bat X S, Adv AANE T
alpha e X 7] wEel daskA ekg
colorValue rgb color I &= X
risdkldex, mxmmValue, mummValue, riskLevelNm, riskDescy¥ R &ol|A] 1} ZAu}glo]
ol Tl Foh=A T HElA Zastt o5 9u= A7t 3 A sEE
HS WA o, FEghow 3259 22 folgE ou| s},
3 25 dHloly & A
dbyhsMdINm riskLevelNm | riskldex | drveBeginMon | drveEndMon | mxmmValue | mummValue
o Y ol ol uynl | 34 o HA| 4 3 10 1796 1625
of - ol ol ) | 24 oA 3 3 10 1111.25 640
of iy ltol ) | 1A oAl 2 3 10 628.75 578
o Yol oy | kel 1 3 10 348.75 290
r, g, b, alpha, colorValuex= 1# 2o FA|H+= Aoz EH Ao A= NCPMS A
AFsts 2HZE o] 83HA] %7 wol o] &3kA] STt
€ doly A=
dolH+= F7H4 HolE=Z AFsit. Ry S F5A1A 92 HolHE AFsts Holgd @
oAl Arst= 1 HlolE 7} oW 3o &R dEE o]E42 YES AAE =
Hol &2 U3




% 26 23 dolg AL HolE

farmid dName fdat value code
TAHS LR IAH(yyyy-mm-dd) 233k Hal 5=
1 B ol 2010-04-20 00:00:00 | 47.155212 | 1000000006

% 27 o|2do]E AL HolE

dName riskLevelNm riskldex drs_Mon dre_Mon | mxValue | mnValue
Halzw | sy | JAFsHE | dSAFY | JdSFERY | Hogt HAX2H
= 24 o A 3 3 9 635 511

2. OFIS d"o]¥ 2§ Au]x 7|

(1) 7718

s Tk S 2 7HA ojHo] k. A TE AlaEHe] FA B ASAES 4
A wrEo] Frh o] AS o]&std v Wiy AFES AAlste] ddke 7lsS TS
e F k. AFEA Ol HW HEES F50ke U AXEL o] Algo] 7153t
7] witell 54 AZEo]e] FHHA &S 7 vk Ak #AHAA Schmitz et al
(2009a)= Z+3te dolgugto] 7hsdk A|=EE AREshe 3lo] SRR A&7}
AN AN 523E Foled =gl 2 ol stk Al 2 el A AFE upel 2o
st w48 dole gTo] SASHAT, A HRA| 2T doly AEHS fI% =
A B Qe AHolth v 59, I3 B B b xaEw EA3T

2 9= OFIS Fhs7hae| g A 25le] Ui dlojgE oM dod = RS &b
Hlole] sfAR2E st Aotk shArt o5 913k Add EFo] §le WA OFIS
el ZREZS Aty 221E 7o R dHolHE M & JEF st

dolele] xdPAL2 vfadS qdstE oA A AR vEldolHE AWE 4 Qe
TxH Jel= FJr& vl (Nurseitov et al.,, 2009). o]g|g doly HdAPFA o=z
-2 JavaScript Object Notation (JSON) o] ¢l

XML Standard Generalized Markup Language (SGML)<] &
A e dolHE ®dshstl AMSEE dojolth 7 XML 4= =1
g4 F2E 73 Ik EEF oz, XML 4= dEE B
E g}+& JdEH=Z AZE g lgE = g dEEE 233 = A
ARE, 74, B4 3z, A #4 F wAgen EA¥E NE A5z PREY
(Bray et al., 1998). 2Feta] o]ekr]atw, XML AF&A7E A elgh B 19} dlo 5
20 dojetar & o Uk

rok
1r
A
2,
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JSON& & tof& doly w3k P2oz 7PHia, Ex7|dtolw o]|F¥= G T2
ool F&Ao)x] &tl, ECMAScript X213 Ao 358 7|¥to = /iyl

AP ERZ o]FA U}t (Crockford, 2006). Abgro] ¢l
Yl g sta AFEE = g0 FElE XMLY &84 § ol &

sHUE EofllM = XMLY} JSON2 thfstAl &-8¥ v Han et al. (2012)2 #&E5°
A AFE e 4 = CropScape e WA AE 7fesld+=d], XML JSONS
B ARSIt 1 9ol thekgl dgAbEoe] XML¥ JSONS 1E5o] 7|dgh Al2-gle]
golg AP o7 A3 TE (Heindl et al., 2010; Rafoss et al., 2010; Schuster et

al.,, 2011; Kubicek et al., 2013; Montoya et al., 2013). JSONZ} XML& =x}4<l 744
S 7FAA 7] Wl ARgell oM 2 AT Thedt Hassd g olsrt T astth
(Nurseitov et al., 2009).

(1)) OpenAPI9} 14|~

W ARl UEAD ol M2 OE T/ s el daa8s 7] 913 A2
Ede] Alzndelth ) Auliae ARjs AR 2ak Y 7lEe dF o= SOAP,
WSDL, UDDI 59 F& %# 7]%=Z o]Fojxt}. § An|ze
JSONe] AF&-#th. OpenAPl= ) Mu]=9) 37bA] SFH 2, o822
o 2RO Aol ~E HTTP ¢ &2 § Mulng L2Eas MRSt Hdasts] &
T A=F Aolrh gt IT7delA A%, A, 527 55 17 OpenAPIE 7I
st FNskaL vk FH: AN 3.07 AH I A G| vt FACAME g H olH
A8 OpenAPlE 3708k FA o]t

(T dele) 7
OFIS S5/l YA e SN %, Solsh A%, A9 A9Past Aw, A 2
AAE, A%a B 5 T sk
o] dloleulo] s 27]okE el Fel,

>

0
%
T
i
ui
=i
=
I
o
N
i
O
E
w
_L
i
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(3) A58 W& = A
(7 REST
REST(Representational State Transfer)= €= ¢fol= 3} e KAl glo]yut]o] A]
2HE 9gk A E O] of7|EH ] g 2ot} o] &ol= HTTP 1.03 HTTP 1.1 2~
o] Fa3 7]ojx}¢l o] AW (Roy Fielding)d ®AFeHY] =f-o A A 7l% A cH(Fielding,
2000). ©o]%F 2 RESTS] o] 71uke RESTful ¢ Au]|27t v<ed A& 3 SOAPS] H
gl Fsty] A AHE A o2 wol AR E AT (Cantelon et al., 2012).

Parsg Aaa Pasd gE F43 A4ss Ed U
Wi, mdel A% dlo]EE HTTPSIA SOAPO|} 7715 £¢ A4 a7
A% dolo} glol, AFa7] AT o}F HEF Ao 2T v gk,

(b dloly 3f A" Ho]~ A
ol Ff e dHo]lxes folA At JSON dlolE A3} RESTful YAH|AE 7]4t
o2 AUt JSON2 RESTful $iAuj2e} | w@o] ALgE =, Jujdo=z waia,
A YarrsE Q73517] o]ttt (Nurseitov et al., 2009).

F 29 dlolE FHAH S 98 RESTIul QlE o]~

HTTP

s Verb R 25 AH-&A]
GET /farm show A& dAH
e GET /farm/fields index 3o £3 A~ E
GET /farm/fields/:id show 5S4 FA g FAAHR
GET /weather/weatherstation show 7]Artholl th3dl AbA A H.
GET /weather show & 7134 H
A Q71’34 H GET /weather/:datetime show 7] :datetime & 7| A H
GET /weather/:from,:to show 7] :from HH :to7}A 9] 7]
/blzgg_
GET /sensorsystems index & AMA2=E S st
H2E AR
GET /sensorsystems/:id/obse show :id AlA A]|2=HlQ] FH i #=
rvations/ x| 4 H
A A A
LR GET /sensorsystems/:id/daily show :id A4 A|Z=®¥1¢] :dateo] of
observations/:date sk A7 B5A FAAFR
GET /sensornode/:id/observa show :id AlA A|=®1¢] from*%-H
tions/:from,:to to7bAl o] BE S
GET /workhistory/:from,:to index Zofqroml"%qu to7hA] o] RE
GET /workhistory/:id show :id ZFdol=E 9] A4 E
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(th dleoly &f Anjx 7
oy & AHlAE AE2Q AZESojetE th2A § Au|AE AA AT A8 2%
ST Eojef hxu) e THY X < REite] d¥=ga 3 ¢ Qvh § ARjae
AEAQA AZESoje} gy gt AR S 7o R 7] wiied] & o FAddA s42
|25 Za, $&38= Aol 7Fesltt (Murakami et al., 2007). YollA oln] A3t
vkel o] dloly & AH| A== 4709 "oy 1ol wel 13709 7lso] AAE AT
olH o] FHRtS Fas7] Wi EE dolEe ¢7] d&olil, wekx GET WA ARE

tloly & XM~ nodejs ZHEIAHAE AHEste] FEHUTE nodejs ZHA A=
JavaScript 17 7]9te] I das w2 AAAAS Bt 53] odE =gE a9
Hl 5714 [/OE AF&3te] WdAdio] 7153kt (Tilkov, 2010). node.js® A F-= 23}
H C Ao E Algste] AW HTTP A 7F S48k, e 944 = JavaScripts AHE-71s
3 A¢Fo] TCP APIZ x=%3lo] a3 HTTP AH &2 %238 4= 9t} (Cantelon et al.,
2012). 19 73> 784 doly FfAu e SR AW ARG HofFEr

€ - C [)147.46.223.192: 2321 fweather fweatherstation T 17| @ © =

{"weatherstation™:{" location”:"POINT(127. 229262

37.1317868) ", "provider™ :"SHJ", "mode | " :"SNJ-WS-2.07, "description” " A|Y I ACH
ofis_main.js #17, "sensors” [ { " name” "2 2

- A7, "target”:"temperature”,unit”:™'c ", "description” i sensor to measure ambient
temperature”}, {"nane” TS E

humidity™}, { “name”:"0| &3

Al “target” :Tdespoint”, TunitT:iTC ", “description”:Tsensor to dew point
temperature” t, { nane” :"HAIE

A", “target™Tradiation”, Tunit” i UW/we27, “description”:Tsensor to measure solar
radiation™ . { " name™: "B &

A", “target™ :“windspesd”,"unit” :"m/s", “description” :"sensor to measure wind

ofis_svccommon.js ofis_iris.js speed”}, {"name” "B &
A", “target™Twinddirection”, "unit”:"deg”, "description” :"sensor to measure wind
direction™}. {"name”™ :"Z A", “target " israining™. Tunit™:" 7, "description”:"sensor

to sense whether it rains or not”}]H

% 73 Yoy wf Auze] gzl Ayd

[e)

dlole Ff7F o]Folx 7] fl8iA 71 AAE oo & AL dolE AFF 7ot
o] & flalA OFIS #rs7tae] g BA 28 dHolE Ff ofF& AAT F A= Qg
25 e ZF dloly IFEE FHRE AAT 5 glon, I, viEl, AgE F
Mol 3714 AgAE AFEsFAl). FlE 5EE 2gle] HolHE Ffdke Ao, ulF
Ne R FFA @ v Aotk 93 Fl= ol AfF7t tlolel 37 4l
Aol disiA A 4 JrE Ao oujolth. Iy 74% It ) Ay mapd S
AN ARFNAEE FES 5 e UIE 2T
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U0 =T Al aY r Ry

wua LEER] PERER L welzz  EBEIIEPYR
L O =W
LY} =R
HIZ7H
HeIama|
HEEHZH
BEER G
| T eausune: STUZIZZE2 5T AL ZLRIE
BUAEYL LI 2] FEE ey 23] ] HEEs o S HeE BIHSLICE
EOE ARG
BT R &) daEE E-?.il ORASE @ A A
Ndueg T
B ORsE @ 27
ERUMER ¥ 21 O @ U B3 ORS9 A o] ]
Ay g TAB
1 Cl=2
EERLEE o oga O @ O dungn | oA &E &
A=Y
=3 OFISS HISE M Y R =
o 7| MELE SR
= —_
B 3 =

(1) 4718

A AxEs 83 Ao Adses AalE XE7bseA s 98 HHow

FEHh PR ALY Te AL AR delHE wad 5 ol AEE Aol

22 717 Al xElo|t), o]g]d Ao Exsl Awaglel AlaE HA dkabo] 9lo]A]
t

d o]
J o] Al WAsFY] yFarm =
27) dlolg o] 23
o] 714 AFstE 9% FAAH|A~E OFIS FMISe| 7
. L

(2) AP
(7} OFIS Service

OFISE: Zaho= yo 7w Aloa] ZEals= A|Aolth 3 %712 98 7palu] o=
T:I'OC}:@‘ /\1]:]],/_\-%0] %Z}é‘]’ﬂ] F"]E‘Hl (3—1'/\‘1 /gug@- Eﬂo E _{,‘_XQ }‘:IH]_/L\_’ H]O]Ei %)7_% /\‘1]:]]‘{\_
Zo] 13k Au|aBe] eEolrl. ¥ 755 OFISolA A#s= Au|azre] 454 A

HE HojEth
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VM for a farm
Pata Data Sharmg |
Service |
Database |
Sensor Nebwork of g Farm Web Server =i :.l'

1% 75 OFIS AMu| =7t Asds

OFIS AMH|A~E thefstr] wjiof o]
Helel ddto] Hasly] wiLolt)

il
M
u
S’,ﬂ
rlr
P
-0,
o\
o
rob
=
-0
rr
_]\l

R R TS

© A= 913 27
OFIS FMIS= AHAIA QL - AAl, ) AW Z1e]ar delgmo] =S AY= & 71w
oM s, FUdRt 7P AlA EAshs e OFIS Muj2eh st Anj= 7}
2 A7 AR 2 Aulas Rl s Al s AE T ol e M| THd
Ao Al g4tshs MEl~Se OFIS FMISZE E4tshe 7Hdmallel e Mulasa) A=
Falo] 7hsstth vrt g s Alel A gatehs Ml SAZME AL Bl 2

q AT 5 jlaL, oy s MulAE o] gdfokdit),

S~
e >

@ A3 ol &7
2y7y o] Mul~= A% oWl HEHAY A ojol st} A= 7 7FA| EFY ]
ot — A Ay} AA7 AP, o S0, OKDAB OpenAPIE ZHE-9o] 2 A 7F wju) A B
= 2 Y3t} vk Mu|avt ZEo] 71 ARBRE ol AREAZE RO dAIE I
St AMu| A~ AFEAE @Al AdiEojof st} ey vk A8 A & b 3
E7Fe] WstE <ol A, Aujas griF oz Au ool stal 1AL oFe] FAIAE
7} F a3k}

@ " @3 i
A Astolgdt Aol o] Aujzel= F 7HA] EFdo]l vk FUl Auj2E HEe 7 gl
o] did Aujze] HE 4= U}k dE 5o VA VAdEARE FUAR] e A

+ e

i H37) ARl S g 77 2a gk Ajn] 2ol
Al 2ze) FEetr] YA = dHolH e AfTERE SRS W o] 5
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s AH A7 E AR Sl okut o] 7Hsgkeek.

() 2l A
93 Mulsgh OFIS Al~gldlA 7|25 o AT ¥ ZE ALas 9wt <o
Ao B ZdAtel sl sitE= GAvAE SJnleis, OFIS AHl~ JhedR el &
ol Abg=E & olth o]d WS A OFISelA AlesA] &= 7ol 9 7Ate]
A NEEE Mul o] ojs) A9ld 4 A Ak

oz

YIS A9 A9l 2 2Ee Ans Algal, Auls 57

HI 22 AT AE 2 Ale ks AH| A T57] o] AR[=E 3l A

= TE Atk AulE ARjRpE AH A SE7|Hol A detke AR AE S T

2 AM|AE ok AU AE o) Mu| A AujRbe) Aujs Alga s 7R Ao

71+ Aolt} (Arroqui et al., 2012). OFIS9] 4 &HAu]| A= o] - wd 2
12~ Aol o8l JidkE 9F AJH| 2~ OFIS dlol|A] Au|2~ 7tg= 1

2 TF7) e FEEoloF g

ol D
e p

w
Mo
ik
rlr
>
=

OFISE ] 7H4 ebgje] 9% 3hg Au)2 lejso]~g At

do]g AMuj2= ofHl AHe} HolHE Egsti= JSON & XML documentsE A|l&& 4
A9l 9 Aulzsolth OFISE AN AZRE HolHE ot FHALE A,
o}

=
A% 9 He] FolAW, AFHE delH: A axd od £hE & 9

OFIS Z#}EL oln] F 71A] dlo]E] AH|2AE At} 0GCe SOSE AlFstes dHt=
A zee gjutg Qi o

= SensorMLE& A}&3st= 717449t Observations and
Measurementsg ©]-&3%t 7]’4#ZF9] 7|=S AFE = At (Kim et al., 2013a). T ¢
o8 AMnu]A= OFIS FMISS] Wi+ HojEol Hahs AHHANAE AU = = HolH
a5 Anjzolt, E dolHE ul e doly aFoz EFEA AgroXML ¥ OGC

standards®} 22 A A3k dlolg w3l 2o o&] HEdE 4

el A H] A

2d AqHl s 1Y Ao AuE HoFE 5l Aot FHE 2% HolHE o
g3to] Al o] v S 5T 4 s o] Quhd, Mu)Aa Al F A AREARe] #
FFe] FH % HolE AES RS ojfate] IRE AT F de Y AHAE
ME 5 & Aeolth OFIS HolE Ff AH|2=E o] &3t sdul 2=dolyel| o]
7heskal, o)E Z|Wtoe 2 AMu|~ AFArt Bde] AnE Altste] d# T Au|aT) 7he
afrt.

H Au|2~(View Service)

dole Aul: E md Musi 59 ALgA Aol s FT 4 girh ¥ A
2 ABAY YRS GE PHOR wolFm AvH, Auls AFAE F Ausst g o
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2 MYz BYS AHEE 5 Ak F Ad]ze dgiEl, OFIS FMIS+= tAl 7?%14 IR
A - vy, &, oA, AE Tga HAEEA - & x| v HiE YAl %o
2 = Jda HAE T3 og] /A FE ATE 5 Ak F AR QI AE wEE
5 OFIS FMISe oj&f a2 =o] Royd 4 Q. o]eld WA e v AFA7}t
AA @ UlY] Au)2=E A = A Folth BE AL F T/ FJEL A&
gk 4 9t 94‘ﬂ PaE 2 95 Yoo Fa2 4 5 duh. Uiy P+ J Axs
of ot Hef AZdste] AHgAe FuEWMS desE AMEE 4

" A= glom, Mulz Algas Al ES stuE ey wh=s= Zlofth OFISOlA] o
Muj o) AakE 39*—1:6 A= gon yrt g Mujs 718 ol &t HAE APl 4

(3) A3 W& L A

O Auj= FtEE
AMu| 2 Al Afe] ofs] Mu| 27 TS W, AHas AR]s g R SEEoloF &
o 55 A2 OFISY #A7F Aul & ARl o sh7] vl #8528 o
o 1

Mz ERaE RE ANAE pelse Ausg =9l =9 AT 5 A
ShErh @A) OFISZE A28l =91 @ Au2 mgje] i #2322 Fdsta g4 BA,
Al Jhgzas 9% vAEdel s Q3g wYEl Hota ¥ 4 v

¥ 30 MYl =9 2 HAE 913 RESTful SIE#H o]~

HTTP ]
Path Action used for
Verb
POST /adopt adopt notify that a user adopt this service
DELETE /drop drop notify that a user drop this service

331 9 FgAEl = S 919 RESTul QlE #o] =

HTTP )
Path Action wused for

Verb
GET /allservices  index display a list of all public services
GET /service index display a list of available services for a user
GET /availableser index display a list of available and not adopted

vices services

GET /service/:id show display detail information of a specific service
POST /service/:id  adopt adopt a specific service
DELETE /service/:id  drop drop a specific service
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9% FYAU LG ol§37] A AY Au=E mstelor drh =AARE e 2
.
D AHEAE 95 AN e AR AR Ge Fol T ANsE 54T A% 24T 4 9

=3
@ OFIS FMIS+ &5 &4/ n] =9 F-55 98] 2o Alof A =(B-E oy a-f41]2=)7F
AE=AE ERlghe}. v Au]227F YT, OFIS FMISE AR&AFe Al Al f Au] 2ol
Z8t7] f13F ARE o E ek, AR oS dod veS AT shA Rk AR}
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the OpenGeospatial Consortium, Inc. (OGC) Sensor Web Enablement (SWE) nitiative
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2 AE7bed POl s ZES Ha‘ﬁ}k— TEAAE B dvk (OGC, 2013).
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A o ZZA o) FFoll A3eltt. Sensor Observation Service (SOS) = SWES] 37}

.
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N

| oz AAMddA SHE gk, Al 1 | e}
ol 7hset 1 Au] 2~ QIE o] Il
240 AU ES] =9} /\Ef—iﬂl o|E

ATAET 3JALE A o] FFS T (Chen et al., 2009 Fairgrieve et al., 2009
Henson et al., 2009). s}#|5F o] 3t & 78S IALYES] HFHIAAM 2sxe= A
S 7143 Holddt)

B, SAE 3o ¥d So ¥ dos
(Na and Priest, 2007). ©] ¥5& &
o

A HEdel 4% &+ A we

B oATE Aol SR AuALGS Anss A4 AgHA SR g
AzEE duAoE A4YRE EFHE Ggd Feo Jug LTH, oud Pus
o] Abgrel AYglel AgEojol Bk fA AFAust ol oleld BFE T B
of Ssid Ae| 5 Ak AN B AT SR 5L A7) A EEL
WEs)z gt o AF9 BHE Quts AsugeA SOSE FRHOE FAsE vE

o
AAE WEstar, olAS 7ol A8k Aol

(2) AT 54 P
Oh A B
Edel 2744 el A%E AFaek @k AwAE 7 AR
Q

olal, FHAE= o] ARE
3

O ALAQ A5 f8liA 7Has S5 3o] Fastth

O FzdAdY 384 & g53517] A iTds T8

O 714 A4RE A LE Z2H2E F7)Hos SA8IES o)

O 71’44 R gt SHAINS 284S Adistsl79le] 74 #&A et

O A Mux~7t AlFE ¢ J=F g}

ol#3t mHALES WHA 77| A SOS EFS EUsta, AWt = AlxElGA o] S
T} EF g}

(1}) Sensor Observation Service
SOS (Na and Priest, 2007) & OGC SWEE +Ast= %3 2~ .
& olFo AMUEY]A Aol wetdolH el SAHS tFr] 3 xFsd E o
£ A-sgh

SOS+ 3744 #s Z=ud - 98 =29, EdAd 20 P4 7|5 2=29d
- o] gt} T8 ZTEIHYE 37HA 7]# - GetCapabilities, DescribeSensor, and
GetObservation®. & FA % o] At} GetCapabilities= T&E Av|27F AT A= 7]
ol digk 7|24l wEldo|HE F53dt 7]5°|th. DescribeSensor i Sensor Model
Language (SensorML) Y Transducer Markup Language (TML)E o] &3] AlA =A<
HEld o] B & A& 3tt}l. GetObservation & AHH SAHzE HEsh= 7|Tolth o=
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o-gstel  FAZkel Wi Ayl rbsetar, o i $F-  Observation and
Measurement  specification (O&M) FHE g EdAA TEude
RegiserSensor®} InsertObservation ¢ 714 7|5& zton, dkaty 7|5 ZTEHAdS 4
Mol 7les F7t2 Ale g

ofefo] IH2 SOSo| AFWHS HolFs AP tolojadloltt, ¢4 dHeolE o] AH|A}
7F AAA =] WEEEE 47 918 1 GetCapabilities &5 &Z3shaL, oldd digt 4
H}7F Aojd XML 2 AFHrt. AnjAE o] y&S Felste] &3k SOS AR A7)
od 7|5S 73T O]L | &ld}AEtE o] % Au]A}= DescribeSensor $FFE o] &
&to] AMA 2ol HEdd HedBE A drh ojuf wWEA R = SensorML o]t} TML
o Jeje HFHrh ]jr H| 2= GetObservation 5% o] &3t =A 9 e HlEx

o ssas .

Consumer

GetCapabilities ()

Capabilities Response (XML)
DescribeSensor ()

-

~Sensor Description (TML or SensorML)
GetObservation ()

Observation Data (O&M)

L
|
|
|
|
|

138 88 OGC SOS #e &A%

(th) AAMH=

SOS MHul2=E AL §5te AAMuAFPEHZ Muj=En), ) Au]2s AlgEe] AEsA U
|5 Qs A olX 9= vy g Aujzolt), AIMHlAE 5EASE LAY EQ o7 A
&4 dolHE d1d 4 AQrF{ otd Aotk AXH|Ae d¥bH o R Extensible

A==
markup language (XML)E F& A}g3hr}

Hypertext Transfer Protocol (HTTP) (Fielding et al., 1999) & Q3 -&4 g
EZ2 World Wide Webs #late] b=t} o ZREZLS Feho|dES} AHAlo]
A EAs g@dete GETH POST#HE F7HA SAIMHS F2 ARgSth. GET WS
URLel A EAEdS Edsto] dEsts WEdd ws] POST WH2

toll Fg FAES Yol dFete Woltt. o9 adeA Henkel o] SOSE
ZHA WS RS 2]t
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a. HTTP/GET GetObservation Request URL

http://s0s.ebic.snu.ac kr/SOS?service=SOS&request=GetObservation&version=1.0.0&o0bs
ervedProperty=temperature8offering=urn:ogc.def:property:0GC:temperature8iresponsef
ormat=text%2Fxml

b. HTTP/POST GetObservation Request XML

<?xml version="1.0" encoding="UTF-8"7?>

<s0s:GetObservation
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance”
xsi:schemalocation="http:;//schemas.opengis.net/sos/1.0.0/s0sAll.xsd"
xmlns:sos="http://www.opengis.net/sos/1.0"
xmlns:,gml="http://www.opengis.net/gml/3.2"
xmlns;ogc="http://www.opengis.net/ogc"
xmlns:om="http://www.opengis.net/om/1.0" service="SQOS" version="1.0.0">
«sos:offering>urn:ogc.def:property:0GC:temperature</sos:offering>
<sos.observedProperty>temperature </sos.observedProperty>
<sos:responseFormat >text/xml </sos:responseFormat >

</scs:GetObservation>

189 89  HTTP/GET "3  HTTP/POST  WHALEA]
GetObservation W& o] A]

) F=
nEdol= 5719 T8 AR FAAE lon 379 AR tE SES JEAEsEE
AAE A 3702 SHE= 714, ulYSD 7=, dlolE Au|Atoltt, 7] tiE v Euit)h 6

Mol 714ARE 8t nEdol2 AEdct deoly AHErr #uyd A dolHE &
T 7Y SD Zh=d AFErt. SOS client 2Fal 3= AXE o] dolEH AH|[AE 9134
+H =2

otk ol & Fsko] doly anArE 84e Hulw mladels A
&

OAZEA] ZEl~=  ZHZF SensorObservationService, WebServer, ObservationCache,

SDClass, Configuration ©]t}.SensorObservationService = = SOS AR E A& st
il XML o] &3dte] Hd3 $9s vee s b WebServer 8= HTTP =
ZEZS F=d, HTTP  83& #gstar SOS A2l & 9] 8k
SenserObservationService =i Eal] 24E& Zil=d = qge 84E

&

SensorObservationService 7} A 2lgte] $HS HUWH 23S Av|Af A ddsts T
L @3tk ObservationCache Z#i2+= 60719 #S53S  wlEg o FA gt
WeatherStationZ @22  ObservationCache | =oA #Fz AFLS 2 Il
SensorObservationService =@ 2~+0bservationCache &2~ A #=3Le 3=
stth, SDClass Sl SD 7=o A4 E SFdA| "o sk A ClEH o]~

o mpA g e Conf1gurat1on Sga= A28 228 9F MAANREZ st} o}
g2 mEAY] S 1T & de AR tholo] 1ol
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WeatherStation |

—1

Middleware Part
roes rees
Sensor Observation Service [~——— —
N nsor Observation Service >
™

hygromecer Search Cet Response Response
Observations, Metadata
pyrancmeter Save Cansurrer

Observations

P CbservationCache Configuration

| srenoscope
A
ansmometer Read Mirite
Observations
cain omue

Read Airite
Configurations

SOClass

F

File I/
operations

Mini-=0 card

% 90 HlEole] 2

(vh 717449
o] AT=Z Y3 A ZREEYS wEolA nEYo]l Hrto] A3tk o] 7]

p

2 A=

e AUFE, T 5, A9E dAES SAHAY F dr AUEES _EE %94
Aol M=l A7 BgE o] 9= 255 AA(SHT 10, Sensirion Inc., Switzerland)S
Abg-sle] =Astt. 714 HE (Weather Sensor Assembly p/n 80422, Argent Data
FE, AEFS SA8] AsA AFEE AT 5 HEY

off
>,
X
K
L
B

o
Akm/he] £27F Wi ~9x= =
st vehfel A e, #

A WA eR dA
=

ot
©
rE

ol
L

(Ab) obFolw EHF
ofgfo] 1Y & ofFo]x WX (Arduino Mega 2560, SmartProjects, Italy)9} 149 4
nEo] AdH FHolth AlEE ofFolkx HIE mlo]a2AESE HER ATmega2b60%
Fapstar Qo 8KB SRAM, 4KB EEPROM, 256KB Flash Memory, 54 digital
input/output pins, 16 analog inputs < 7FA3 o} UESIA EE (WIZ812MJ, WiZnet
Co., Ltd., Korea) ol S4l& A¥stw nySD7F=e] /0 = A3t} 4GB vy
SD7F=7F AREE Sl

obFolit therd] QWIS WET} el 0 Eas EEEEe]R HdEolh ofoluwi
ZEAE Aol kel JiESE S Aot udd golBdYE Awdtt & AT E
olifyl glolr.#g], SD7I= 2lo]B.#f ], Webduino #to] B8 E AF&3}3ITh
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a3 91 A8E ofFolx RE 9 3y BE

(3) A
oh T4
) 4] g5 2 e
VS C++ ZRIAY o} ALgte] TAAUL C++ ZIAY oji A
ABAL SR AT A REDA T4 Beshn, drang FANES D13

ok I8 = s
< %fﬂ]*a ”*‘:Oi /\P‘Lo}‘ﬂ 2l U} FHaE F4E das ok

SOS & +4¢
A7 SOSE TAF Aol ofle} A¥e] S0SE TASAT. SOSE 349 2ol 7%, 2
o =37 =

7N
=, o] 7]Erte] AF 7]Folth. E AT
gl A FEE ook st Wi

T3k FAE mE9ol= HTTP/GET W4 o] A<wts At HTTP/POST 4o A<
< HTTP ®ieel XML HAIAE Egat=d], dHE2A A8 ol XMLe 3 sko] 4
g7l = Fa7F o wEbA vEdels HTTP/POST WS XUk &7 =2 13t
Nl e] A

ObservationCacheZ &l 2= W E Aol o2 #5HE HHd 4 s v w2 =
SD 7h=9] HE& ko H] OH o9 wE HIEEE BAgS] wjitel Alale] a8 oldbe

SHoll A 9 F 85t

WeatherStation F#|2=7F #=% AZS 2339 S W ObservationCacheZF# 2= = o
229} SD7L=C FAl BFAE A} o] TR HAE AFESEY] wliod elojw g
A He BASAE glow, Hwryget Shrl=d Fd3I dHolezl AFHA  Hoh

==



SensorObservationService  Z# 204  #ASH W3t Z3E QLAHI}= AF
ObservationCache F#2+ WEg oA 4 TASFAE 238t = 49 SD 7F=9A4

#EA2 R o FHA

74/\1101'7‘:45

SensorObservationService @204 ObservationCache Z | 2~0] T=Z]2
o, W sid #FX7F EA)8HA| egtdruﬂ ObservationCache

10
o
oxX
filo
(M %

Agahe] XML $5HEA S
=7} obdl Fela Wme el Seiol MEAS EH

HZ52 oo FAER Aol H=d, 7F gl 37 FER Gl "ok AF, U
£, Au)o] A FE F Y& dHdts HEE EAL ofolt)E XA glojA SOS 7} A
At S5 wix o] XEEAT A7k Frle] g2 AE FEH adE Aol Hi

(b 37t
TdE SOSe AM7FA F8 7T Firefox (21.0, Mozilla, USA) ¢ B#}9-#9} Firebug
(1.11.4, Mozilla, USA) 3755 o] &3te] HEHIUY. ofgle] 192 GetCapabilities
o] & HolFth $HAIZRS 1.08s o, S5 A7t e F HoH XMLE ¥
E]/\}\Iq‘-
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@ - o Mozilla Firefox
3 ayd--

+ @| |8~ Google

€ @ 192.168.0.4:7014/s052service=S0S&version=1.0.0&request=GetCapabilities

This XML file does not appear to have any style information associated with it. The document tree is shown below. [

— <sos:Capabilities version="1.0.0" xsi:schemalocation="http://www.opengis.net/sos/1.0 http://schemas.opengis.net/sos/1.0.0/s0sAll.xsd"> ‘
— ows:Serviceldentification> |
<ows:Title>SOS system for simple AWS by Ebio Lab.</ows:Title> 1
—<ows:Abstract>
A simple OGC compliant Sensor Observation Service provided by Ebio Lab. of SNU.The data provided is gathered from Simple Auto Weather Station.
{/ows:Abstract>
— Cows:Keywords>
<ows:Keyword>SOS</ows:Keyword>
;| r station

<ows:Keyword>OGC</ows:Keyword>
<owsKeywordysensor¢/ows:Keyword>

rd>wind speed >
s >wind direction</
<ows:Keyword)rainfall</ows: Keyword)
{/ows:Keywords>
’Mm' net’>0GC:S05¢ :ServiceType>

P!

'ows Fees>NONE(/ows»Fees)
{ow:

<Jows:! Semcelden!m(auun)
= <ows5em(ePrcvuder)
bio Lab.</ow

<ows ProviderSite xlink:href= hnu //eblo snu.ackr'/>
—<ows:ServiceContact>

im, Joon'
ws:Positi herd/ows:
- <ows:Contactinfo>
—<ows:Phone>
<ows: Vol(e)+82 2-880-4615¢/ows:Voice>
<{/ows:Phone>
—<ows:Address)
<ows:DeliveryPoint>200-2209 Seoul National University</ows:DeliveryPoint> i
[»

® X <Y Y| Console |HTML €SS script  DOM | Net v | Cookies

i Clear Persist All HTML €SS JS XHR Images Flash Media

# GET ervice=SOS&version 200 OF http 192.168.0.4:7014

713 92 GetCapabilities H#H 9] %

138& DescribeSensor 7159 29SS HolFErh S SensorMLE 3 EQow,

o
i=]
FAIZES ¢F 830 ms St

@ - o Mozilla Firefox
| M http://192.168...Describesensor [
¢ [@192.168047

0.0&request=DescribeSensor

?service=S0OS¢

Google Q &

This XML file does not appear to have any style information associated with it. The document tree is shown below. ‘
|

“http:/A opengis. ML/1.0 http://schemas.opengis.net/sensorML/1.0.0/sensorML.xsd" version="1.0">

—<member xlink:role="urn:ogc:def:role:0GC:sensorSystem™>
—{System gml:id="EBIO_SimpleAWS_">
<gml:description>EBIO Simple Auto Weather Station located at </gml:description
<pm| :name>EBIO Auto Weather Station </gml:name>

—<spatialReferenceframe>
—<gml:EngineeringCRS gml:id="STATION_FRAME">

<gml:usesC$ xlink:href="urn:0gc:cs:0GC:xyzFrame™/>
— <gml:usesEngineeringDatum>
STATION_DATUM">

~<gml:EngineeringDatum gmli
ion Datul

—<gml:anchorPoint)>
origin is at the base of the mounting:x and y are orthogonal to z but undetermined:z is along the axis of the mounting pole - typically vertical
</gml:anchorPoint’
</gml:EngineeringDatum>
</gml:usesEngineeringDatum>
</gml:EngineeringCRS>
Uspal:alkeleren(eﬁamz)

=<inputs>
—inputList)
= <input name="Temperature>
<{swe:ObservableProperty definition="urn:ogc:def:property:0GC:temperature*/>
{finput>
= <input name="Humidity">
<swe:ObservableProperty definition="urn:ogc:def:property:0GC:humidity"/>
</input>
—<input name="WindSpeed"> =
| » I=[5[o})

— B
#£® ¢ 0 ¥\ Conole WTML s scrist DoM [ Net v | coskies

W Clear Persist All HTML CSS JS XHR Images Flash Media

192.168.0.4:

ET sos?service=SOS&version 200 Ok http

GetObservatione] <<
GetObservation Q3 o] %3] 21L& x3tsl7] wEo|tl. ofge HolEL
A

Ane welFrh 84o] Hel

© dSAE AT B+ &
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¥ 32 =749 wE GetObservation H=#H o] &HA|7H

- N 1 30 30 500
EEEEE N4 M4 g}l ED
SHAIZE 0.944 s 1.27 s 1.68 s 3.44s
(th B9

[e]
EFe TS NEAE S5 A= AHI=IH 22kels FelA Aol Ths
gt (OGC, 2013). WEdo7} o] 284 HAEES F3shA] Xdhes olfre TIFHZE
7} DescribeSensor®} GetObservation®l Al HTTP/POST WA& AR&3stal 7] wj<tolt}.
A Ht = AlAEAFe A XML 245 3dehs A AdshA stk whebA
e A2ge 98 HA $34d H2ET JiddE Zart vk

4) A7 3 4&

Hirokoll thget o]F 2] MAUESL AL /dEo] HgEo|E o= | 52 55 4=
Fo] 7hedt AAUER A Fo] AxEo] St ol dsiA A FFs =
Aol Fastth. 0GCo SOS+= S 7|who =gt fFEAE T o] 2~0]t)

SOS9 F& 7S Fde vEdAE duig A g Aol A At
WY EA| 28 Ao A SOS F&Es7] 9alA HTTP/GET wWAe davks & 83849, 37t

TS FEskl o, Tk HA s Vs A&Eglth. AAoR o glo]
el & el Ajzketd] AdE B 4 e Alago] FHAEATH

P

1. OFIS R EFE ==
(1) 718

oFe] AAA2GS B/ AAAE 4ol Ardolze] B vEE AR A
o] Fasth Y wsdols Huel BHL elA TE AuH|AE FHaA Hu
)% Bal A2 BFL o8 & Atk olde ATelA OGC SOS EFLE BT Fsd
PTIE wEE AUea, HAE St 7 w=EE AgHow A8HE FAW, C
Aol AuE W Are AMAxHel TP AdHE A Zzaem Al
gastth B AFAE A4 A2ES w47 ABA7)Y] 98 WEeR saE

(2) ATFREY
h A= AzRg s=solsh A4
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OFIS WH-XE+8& ==/ 913 st=9ol= g=uggto]E MAA sl =gl gfo
(dol: Raspberry PE =9 gt=Hlg] sto] Ajwte] stuo A 7% FHFE 33t wFS
SXIAI717] 98 vbE e BE fASrEolth.etzuE] ol ag¥ Aso] HoluhA
ARe MM TS 28eA @S 29 A9 A 2598, =4l B A 35Ee)gte
S zta . 2k=dle vlol= BRE=7 9 BCM2835 ©d 3 Al~w®lS AFE-3lH, o]

_4
_—

_

m& _11m ki

o= ARMI1176JZF-S 700 MHz XZ2ZAA (L8 d~38e BE 1500 MHz~4000 MHz),
Ht) 9. 50] IV GPUSF 256 wl7hblo] E RAMo] & ot 18]ar ef=u|g] Jto]] A
H—t— SHEFEA Al 1000 MHz7HA €] Fes w9 & 5 vk &, gh=de] ol 8)
Tt sgeolEy £YE AHOlE mdlo]HE st §lA %—%2111, SD 7F=((B+ &
98 Micro SD CardE AFS)E 9% 7|92 AL&-3hc),
gtz gto] Ao = gtz dtolo] EXEgh dn|t ofx] g%, QtonPis o
g2 WERS AFeal e, B Aol s dniehe] =g sto] 8 Wl 2h=H]|
S o] &t BEHIFE FEE AMRT £ e g avvke] g AAE 35,000
o] H7|A 2 AT EJAE AFstal o] FA Aol 7hssitt

) A AAA ==

OFIS WF-#+8& =28 /st H2E sh7]93 AMA2dlom & Ao 7t
7178 HE ARSIt BlE Yol ek ARE Al 3 Al 2 A 7T AF 7)Y 2
Ag 2ZEY MAS Fxad A diF 718 E RS422 A4S Adsted, 2 o
TolAd AREE T = Al2EdE AR ST £ deE el 7Al TS A

&3k 4+ RS422 W El9F USB2Serial Alol&+ AHESIAL, F4 A4S AR&St= 74
- RS422 Bluetooth &3 USB Bluetooth E&S /\}%0},3\11}. Y 94+ FAl FAlES

AbEehs Aol 71Tl it = Al AEIRRe] A S HoEnh

PostgreSQL s '
Database

%  Blyetooth

Bluetooth
Module Communication
Data acquisition board B
(self-production) Raspberry PI
07 94 BH BNS AEEE A9 FA FAE

(3) A4 g ¢ Ay
(7h) OFIS ROSE 29| AA 2 7
OFIS ROSE 2+ OFIS &3 3404 oju] 7jEs o] gl AT ES S 2 AAE F83)
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Al Estelth. -4 OFIS ROSE 29| Hloly Hd&& 184 JSON dlolg &3 RESTful
A Ml AEHo|2E &3 =3 AE5S 913 REST A A2~ Ao YAl OFIS
dlolE Ff An]2=9 LEi»ﬂ o~ AHo(“A 3 & Al 2 A 4.t} HolH FfF Au=e T
O JERE IR ARl

T WY 4% OFIS "eoly a4 An[2=9 s F&o3ih vyt gh=ulebg
o =% ¥ nodejs 719 Wdo] Y vto} gf=H|¢HE o= Hi A S 5k A}ﬁfs}%i
t}. "ol Ho] A% PostgreSQL 9.3 3 PostGIS 2.18 Abgale], Az Ez o] =%
o] ALl flo] AZES ] A4S v & AU

>~

(1}) OFIS ROSE 29| A&
OFIS ROSE 29] Al&& 93ste] 370 57Fe] OFIS ROSEE Ax 9 &t Adty 5
7He ool ®eF A

¥ 33 OFIS ROSE 2 Al&S 913k 57F Ax

59 | F3Y ol Fa $4F | AEnE | Hn
ol A3 FEFA g YB3 4335 | AR | -
! Aal QA FEE EA 1E] Ak 2-1 | oAl 39
R
%ot o Mgl W HEE] 63 SHES -
5=

=
T

S7kIA 713HE AE 2QFsks ¢ 71ty OFIS ROSE 2 #pAl9] ZA= A sHA]
(

GAA T, AEY B (A, g A5, P WA A8 Holes} uFarm SR
A KAE BAZE A, o8 AEYS LA DA A 5 P A 2
6. 2. uFarm 9= AEA WPl FAH o GEL),
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. 7]&E A2" A58 ATEY] s
(1) A4

A1 s A" Fsgateln el £5A4
T PC 7]uke] A|&go R F55 = 457 gk 7]E9
AES Qs PC 7]uke] Al =
A oA Hashe] WAl
718 Al 283k OFIS &
2Ho A HolHE FHs)

EdolE et

ol 01-[1

2] 2AEY
I

T 4T e e Al
Aoz AojstA i, WA EHA o A& e TIPS
g 215 97| syslogdAdd BT Hles sk d

2 IRAAE APA, dE2S g R I2AAS zkA @

2> N K o
o [» mx Ho IN

2
IN
T
he
w)
N
XN
o
-0,
H E

ZRAAE ii(fork)o}‘ﬂ A8 AA S B7)8E AlE FolHA inito] ILolrt #H AR
IRAAE 7] Rog Uy rtEE st Walolt) AE 929 “AE9-= AH|A"E o]
2 o] G- AlaEle] X ZA W] E ARgAo| Al Holx| A|uE ALE HEI FH

B &4 AdsE 22aR5S ouldi).

TG AA N = dake PSS A FEE AIPAZL 5 A= 2A=Y 7] 5o dE
5o T2 A9 &G AA = crontab o]y crone] 71 HEE £ F vk AES
2= deg= 24 A= o 54T AdS dste At ek wao vk
270 /A D AaE 7 vk a9 962 A 2AFEE ARFESke Ul 9], o] UIE ¢
g3l date AdS T 9
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[ — i

oEE SHA) BN =S2H)

ErEE

‘ L‘, B AATAS MSSHE XTH N0 TR0 HEOS B put moiE IS
; IELICE AISE S (2] B0A Ba1A

EERL -]

Che 717100 AIRE Bt MR AL 2402 - |5

ic}
[0k = 07 - 075 4T T, 074 B3I, 07 TX|, 07 Wl Z

=9 of

4BER  HBAR uz e =2 7

O HTS 2T 425D UEIF 22 AU,

OpX|2F Af= & Aj7F 2015-01-193 25 6:37.59 M= AN

a7 96 A= A 2AlEY A

(b)) PC 7]8re] 543
OFIS IRIS:= PC 7|wte] =33
o] ojw 21]%017}7} Q3

O

5} OFISS] A%2 2E2 @ o 25 of® 34}
A AL dn B AEvid A2 o8 APIE 7R AL /1o,
wjiZo]th. Steinberger et al. (2009) Al ThFgh
150] Fwe oy F43 AxselAE wEGD S
kA Xéi*lé%‘% E}%fz} ®E S uEE delH F4e AT F d=s vEE

Zlo] F a3ttt (Nikkila et al., 2010).

THAY RZE0l NP AM GrE AN =ABYE ANUEAD N2US B
gt Y REEdol Fd FFe) w2 ol AAHo] Aglowl, GREHAIY
o Abgshe HoleMel 22 H At Yaow TANAL

3) A7 e 9 A7
(7}) OFIS IRIS ¢ A7
OFIS IRISE OFIS Z#HE 7oA /My A2ZEQo] & AAZS F&aA 7fEstet. o
= OFIS ROSE 29] W23} f-A18kd], dlolg S $3lA JSON dlole 3243 RESTful
A Ay AdEH o)l ~E FglGth T3 dE5S 913 REST Qe #Holx~ Aol Al OFIS
dlolg & AI8]2=9] QIEjFo]~ A(“Al 3 & Al 2 A 4.t} Holy If AH| =9 7
T R2E gE AR
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7. 71Eh

7F 4237180 2 AL AZEHS] A

(1) A8

BANFE 71 BEE Sa% fAE AAE g, AEY 2], FA, A g
719} 28 e A 5ol EMe o) gFs wrow AW, Ay s 22 A=
= IR Js w7 wiEolth (Felland et al., 1997; Fitzell et al., 1984; Marsh
et al., 1999; Stanley et al., 2000). ¥ AHE= IxR o} & A 7Ho] AAES BEA3 =
deo AH8E 4= om o] AT FE AFS A AEAAA D Al2=H s €8x of
It} (Laurenson, 1989; Stewart et al., 1984). 714 848 =Asle= AA 7]<so] HAxt
FobxlaL, ol s e Ak A"l A&Ho gt 2% F%, T TH5 T 2
< 7V 81E SAs] A AsEstE A2 AssE 7]/d i (Automated Weather
Station, AWS)7} =1 3 ojojt}h. AnkA <l g7 7144 AlA, A9 aejar e
2 AAE 2T UFA AEEAR FAAET daad AFEHE e dolEuo] 2 A
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Upar Interiacs

13 106 AetsteE AE7)AHe &

of FxelE Al A ool Uitk RAZ, ASAE e AuH AZEdo]st g
YHow HaAF AFHE ST F A od AEe FHY AVl AHHA @
o HRE FL% oPoR AgAth AFHE Axn 1= Aol dHoly &4 WA
714 g7] Wizeltt, T WA oy g welsh AAL. JuUE AxPEe BF 4u o
A 24 o2 744 LEDS} 44 Ze1g At ol A7t QHtE A2 Yl
NBe 2 Best 9ee dua B BAZ dow g ek Ae e u
& otk WA PHFY welsh ulm}oﬂ ol B ool A Tte R ¢ujrl=
HEL dold 2AZ HASel FRT wF APt

=

o], Creasy
=

et al. (2005) < FH, HA 2y Hy dd 2= ARt I A= R dek

2 A3 Y. AR EAANRAHEY] (National IT Industry Promotion Agency of Korea,

NIPA)= 2010d #h= A4t &7 de] AJ2gs slge= 3 frlgHs A4 dEY]A

(Ubiquitous Sensor Network, USN)¢| #He] 9} A% 7]-01 ghelo] i3t HuAqES Lxe)

RTH HiAe mEd, 37 &%, F% 2z

st} (NIPA, 2010).

’

¥ 45¢ AFEE AAEL AFYS BoFEh BE AAELS 71ES nysid Aggdn A
0 FEe s 7 o 8% AlA 24t 2h/EE MM uiAE W=y Aol ¢
& =45 E5 14 bit opE =1~

it (SHT 10, Sensirion Inc., Switzerland). & Al1A]

Y W37 S Abgele] AAHSLE 714 AA oAl EE] (Weather Sensor Assembly p/n

80422, Argent Data Systems Inc., USA) & ¥%, & 183 45 F4317] S8 A

SHAT. FE52 - FEA A o3| f"éﬂ%tﬂ, 22 2.4 km/h Oﬂ/ﬂ A i |

Ui =9)x] FHFo] o]FolXH, o]lF JhEESY F45S AL o 3
E

o]
Ao1el Zhwel ola) WML 2ok Wae W, U A we aw A5

- 168 -



v =9 A4y ¥HgE dozv. FHULAM

USA) = ®HY HAES SAsH7] e AR AT o= 1 W/m-2
th. ZF9A(WRS-09R, WoosungHitech,Inc., Korea)x 7Z-$ojH-=
39E 84cem? Atk

3 45 AE7IEHE AT A4 29

(SP-110, Apogee Instruments Inc.,

9 0.2 mvE A
golsts AR 1A

Source Manufacturer  Model name Specifications
Accuracy *4.5%
Temperature Repeatability *0.1%
Response time 8sec
Sensirion, Accuracy *0.5T
o SHT10 .. .
Humidity Inc. Repeatability +0.1T
Response  time 5~30sec
) Derived from humidity and
Dew point
temperature
Wind speed Argent Data Weather 2.4 km/h = 1 signal / second
Sensor
Systems,
Wind [ Assembly p/n cn
nc. anging resistance type
direction 80422 ging yp
Apogee .
Solar Photodiode type
L Instruments, SP-110
radiation 0.2mV/Wm-2
Inc.
Woosun Changing resistance type
Rain _ ? WRS-09R sine P
Hitech, Inc. Sensing area 84 cm?2
@ AE71FHe) Tz
aF 1079 BAARAE AT A" 713, ey #E] A 1glal AFEAF 91H
Hol|~g FAskE FEHE MEEHAT 71U e 71 AA, Holy 5 BE glal 54l
FAE LIV A AAE T DAE ST 5 Aok delE ¢ nEE ARy
H d714 AsE 43 aAdES dolyg #Ag ZAd B 4 vt EFFAE 7139
dlolel ] A ApololA Fd SA1S S8l AR AT oy #E] G| ulo]EH o]
2 A2HS Ad detjE BEolt)h, IR fHolguo] e #S5 HARE AFE 5 vk
AEAE BE ARE F4 B 74 BLE AZEAE AST ATk 74 BB
AXEQJoj= Ethernet i WI-FI $418 &3 dlolg el 9] dolg o]~
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E—
LIS <
Monitoring
Saftware

Ethsarnet fWI-FI
Aurbe Vi o SEATImn Communication
(Serior Dhipadition)

Blustooth | pyepaath

; p Modube Commurication

Y kSl
Dt aeqjuisition beard
PCE deslgn for dats soquisition boasd [seM-production)

29 107 AE7) A AsEe] T

718d= 7178 A, doly 55 BE ada $4 AAE 2T doly 55 BEs
AHA A o2 WHERITE PCB A= Fig. 3.0l Holzith HolH 5 B ol /e 99
YE(RE, % 123 o]&HLe dd XEE AFSSthHel RS-485 serial 418 o] &35t

, R
Modbus T 2EZFS X Y3t} Modbusys master—slave %ol 7]4¥Fsl application-layer
rTZEZo|t, HolHugs 9% T F4 Ve B EFFS FAL U 71

RS-4857 &2 1%

% 46 BREs wEY 54
Manufacturer Model name Specifications
Bluetooth 4.0 Class 1
) USB2.0
ParaniTMUD-100 . . .

Working Distance : 400 m (Dipole
Sena

3dBi)

Technologies,
INC.

Bluetooth 2.0 Class 1

RS485, RS422

Working Distance @ 200 m (Dipole
3dBi)

ParaniTMSD1100

Raspberry Pi + dlolg #g] #Ax9 d=9o]& xjelE At Raspberry Pix= Raspberry
Pi Aol o& sitdE 22 A7]e] dd HE HAFHE AHSHUS $25 for model A
and US $35 for model B). o] &A= B F52 wxdy & 9 AAE A& 5
Atk B2 TR e/l A AxEZE = = RaspberryPi 7t #E 25 A
A2 Z83l7] wlFo]t}d. PostgreSQL (9.1, PostgreSQL Global Development Group) =
AT EQ ] 3 FFolth dHoly #E FAT BS5 AHE AFsts ddd oA ARESH
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£ A o) bsakA
A ASHA Ho]EHE thEE o]d S Adr}

toly e FA= F 7P<1 AS Aok 3 HA T 7)ol A

= Aotk ZIFHERH 75 ARE 7] AsiAE A7 713

SHS Wolx wEAlEor st BAE VF AHe dolEHHo] e AT
programming language (2.7.6, Python Foundation)+= do]g #g #AXE ¢33 &
ol Jtslr] e AFREJTH AZTE o= Modbus TEEE ¥5S wEt)
WA A= F4, 7]%, "olE 28]al 16 bit CRC checksum ©.2 A Ht}, }%
AA AR FAE AU AMEE 75> ¢dlal 2od = Qe 16 bit AoE

Holding Register

TE 715 AXE PostgreSQLOl AFE ATt d©
715 ARE AFst7] 1@l “observation #’ & ©
ol & stue] AlA HolHE tE 4 v AR
Holg 78] A ZYrt. ol& AAY 7=
#ow FE249d F de5S u|git ol
7Vt Aol 7hegtt

A}, AZE Yo7} Modbus 37 &

A= stetal s 5ok

AT

[l public.sensors 7] public.observations_1

| public.obsevvations_3

I tagne: intager
I statuncoda:s integer

40 ereatetime: timestama

B nvaluw: double preciaien
J !Nl'ul -.-Ir\:hnr

2 :b:tn- IH'Dn 5_1 ._élk.’l'f

_-'.'I CrastatamE: Dmaitamp

0 mealuat double precisisn
]1 n-jlul wu:hlr

a th:ln.-lbnn: 5 |:Iirl'..-

|1 public.sensorhistory || publicobservations_2

1] _pn“k..utn-v-hn-s_;ﬁ

& criatEtima: fimestamp
25 tagno! intager

4 ereatetimer timeitamp
#1 nvalue: doghla pracisien
.. sval u- urv:hnr

7. ] ub:ln-luorr:_,z_plml.l

¥l statuscode: integer
Bl dageriptica: varchar

O crestatime: Gmestamp
i rvalen: double preciaion
r :l'\-l-|hl '.uﬂ:hir

o ul‘.lj-l'\-'l'bn!\ll 5 -l

& smnserkistory_phay

| publicaobservations_1

& idx_c_sensorhistony

¥

Il public.ot b
s ——

& idx_smnsortistory S0 ersatetimme: Limeslama
0l nvalua: double preciaion

':;' !'\.'l!ul ¥ arr_hl.r

; .- nt'un-:u-:-nr l_plul.-

& crastetime: GMastamp
B mesles: deubla precizian
:[l |lu|ul 'H-n:hlr

A h.!ln.-l'hun: |:F'l-..

|| pubbcobservations_4
8 createtime: timastamg
i nvalus: dovble prasigion
..'| lwiut l.lr\chlr

.} ‘abzarvations 4uplm1-

7 108 Abs7dHE 3 diolEHlol s A7)t

ARl A HHE 7 SET AZES
539 2AF] BAE & Ak 3 WA gge
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(h AE71d mIEY el
A7) Y BUHY TR IR AEE AR g4 4 32 ¢ JES B
= F771 98 hEHAT. dzag a2 ol AeldS f% 8 T 84
(integrated development environment, IDE)SQ! Delphi (Borland Software Corporation,
7, USA)E A}4-319l&dl, Delphit= Object Pascal 910]& 2231 32- and 64-bit Windows
& AAE A7 Tzagyo] 7hs

As 714 BUHY Z2aRe Al 7hA] Fog o] Fojx ]
T a9 SAAA g a9 1090 HoyX= w9

AAE, W Yo 7 dEE BAE F Utk 71 dE AEE MSN @4 AH| A2 5H
7FA T ol AREAZE 713 olEel #S5HE AY G} vadd  YEF EoErh T
AR7E 5 2 7] "Ll olEgt 7ol ARl A F 7HA YA ARE = 7 dvt
= A2 F88ith F HAAR, dY X BA ARV % HAXEE g v E 7|24
A AT QoA AEAE thE g AusiA 1 g dd FAE AT 5
A HA 75 AE YX3F 2447 dlaER G EFolth IAL 24 AHEeH BE
IR o] WM3E HolFEy, mpxutow 7S Wo Zof dAje] dxel AM AEE g
HolErh @AY 73RS AR 77HA EYlEel Bozlty. agla aREL vEvitt b
Ak A G x Wel| 79 2F A BjEo] Qth. 132 HolE #Y LZEofd 9

& % AF AR 2o A4 JHE el

Touisf waate Py Coudy

[ - TR
L P (-
— ARG Surday

20148016

emBaENEEERBER R

P R -
| s - &

i
g

| my LU Ll AT mis W T Wi

Fonss
P
i o o o @ =] @ L

2 g W Hof

=3
A nelFe A
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stol 74 7]
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e

s HEBT A R T
A]#dﬂ ﬁo%ﬂo_eﬂEHEvo
Mﬁﬂmo N,,A|7\m..ﬁmoq1klﬂro
B eI
— S 7o
wﬁi W%miomgexw@
2 1o Eiaga
Wmm WJWMFNVL%_Q.
o TS ST x
= o =z o X
ks R e
WW D.._mOMLrP% zw_du.
= %Nro&awmw%
iy T Yoy W
cil oo A
ﬂlﬂl = Mﬂth‘o'.uHﬂ;l N
G $il1] 5| A -
I+ % i 5| W o ® P
M AR — o T P o 7
= . T = AT o oy &
A I AR o X o
i o N MR = H ol
% ko N IC R B~
7 x wE R =t =~ X
< w i i Sl Y Mmﬂ% ado " gy Eoﬂwo
ﬂmw H 118 | Jmo Mwe@mﬂ@ﬂuﬂ = ww Gl
L s L Sl TS T ow M
GRCC o ™ ,71Xromd W o=
3 7 M Sl i%ﬁﬁ.%ﬂlw%
: ]| —
F o T T o BN g
< = M ﬁ7qamﬂﬁﬂ,ﬂoaumﬂdl
K = R N E
o s gt
oo E |2 bR LT
ﬁOEE]_m_I ,AI \/HH‘N\E ﬁ/ﬂ
a2 N u.im.%j%o_m%%ﬁ
o o P e “Rg st Prmsw
T
w < 1 o g 2l
ﬁo " Lt ,“_._.’a;_—._._:.w-....._.:.—...-._a i aﬂ. ‘WE m . L_L ‘H_Ol ‘W ﬂD’ X
w7 == r T o~ B o do X T

@ Location of AWS
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A3 A w28 R ASFAELIMA " AL
|

1. A&7} A2 A
7b 71€9] AEF Al="3 AL ERF
(1) #A Mgs AE7MA 288 A AZEo 2H

(7b) CLAES - The Central Lab for Agricultural Expert Systems
CLAES+= 2001 A&7F Ala's A% AA AZESO S fEeglon, o= 2, Hy,
EntE x% Fo tigh ARy AW JHE AR oA Attt PCE A E o]}
<l WMHAE BT AgET Qe AdEely PCE AZE A 49 Windows XP<}
O o

2% 112 CLAES %734

(\}) OSHA Hazard Awareness Advisor
ma APt A = (OSHA) A WEgh A7t Alagow, 27 el el 913
FEE sk A Alxwlolnt, # S v RS A ARkl A8 Thssith A
7F A8 ] 2AolE S AT EQORQl Exsys Softwareg ©]-&3Fo] JEsigl o,
Al PC 5 A 22kl #Hde E5F Algstal vk 2" 1132 OSHA Hazard
Awareness Advisorg ©]-&38te] 1ol b Ade) 2 9 ZXE HAHste Aot

)

=t e et e iy s £ . 3
e o (V11 | e

1% 113 OSHA Hazard Awareness
Advisor T-& 3}H
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(th Exsys Corvid
Exsys Corvide A7 Al&8 71E-S 93 48 AZEo=Z, § 3oz A
28 ko] folstal Algo] Hubs Aol St s =iy
tlo] E7bgstr] widd B AFA Y AntE ATt AJ2ES H83 ZYFo=E

Fo14 e Zdlel gk,

(2} Ez-Xpert 3.0
Ez-Xpert 3.0 AFSARZFY FE S 9ol AFE-Atel Al
5 A8 Z2ao|th C++, Java, VisualBasic 59 ¢1o]& A st} AFEAle <
g =g FRlo] ThsakARE o] & flafjA e FUFA] e Aol Ha st

A5 47

svhE AR 2E A TEL 9

e

il
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AR X}
%2

% 114 2vE A7 AR A AR

1145 AvE 27 Al2E 2
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7|EHRIA alojEfsolA
L IF-THEN ‘ A
‘ |
S 22 ol <
b
LEREE]

AHEA} CIEITHO|A
ok

% 115 AE7HA| 28] 712 Q4

A7 AE7HA| =S A AHe] s, FEAX, A BE, AR IEHo] 2R o] Fofzl
oh A Ao] 2= ZubA A 3} dlo|EHlo] Az FAE ] S, VA A2 A s 2l 2
23 54 Zokell e AR ANS v B qrHe A duE P e
Azt A2 BA, FH, AA, A 55 WAskE IF-THEN 725 7kt o] B H| o]
2 7R Ao AR S A e AMEES Y-S ondt A A o] A=
AT A4 55 Bege wdl dHIAH F2AE AT s e e
AL k= FEe WEetH, 7IAAd Fold AR5 dolEHolxe AMdee AE
st s ghth. AW EES A Avl(explanation facilities)ehilx shH, ARE-be] Al
AE7HA 28o] oA 54 AR o2 =AE AWt AHEAL QIEH o] A= ARE-ALS}
Al E] ZRe] FAl edtelnh. o] Wigeo] ' 1160 e ol vt

" . x| 0|2

o— | AMSA . | xaox |—— |
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a9 116 A7 A7 A s
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] vl okA] 6% (60%), A7 3 (30%), AAAZ 119
FELA THA
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qralae] g | 7T SECIIRG, JRAEE A TH(T0%),
AAEHE 38 (30%)
FedAel A | A 2 gelsitt 69W(60%), 71 AFe] AT 6
(FF-8&H) 3(60%),
5449 AYE
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o] odizolxo o ATt 9 (90%), 1oHA {1tk 178(10%)
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FIA7IE 2HE| . s
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(2) A4

b AA
EdrtAdMs S4d98d ©et Time Domain Reflectometry(TDR:  F3pa12 2]) 3}
Frequency Domain Relectometry(FDR: F3=7}d2H)=E Y= 4+ Av}. FDRS 13
(3~100MH2) & ©o]&3te] ESU & A wat 54 2 del= & Hs)
e AR ¢o] ESdTEHHOR Skt YEdit o] HeaE 1599 A7
L AT HlwA ex7b glar TDRAIAC Hl&} 7Aool Assirt, ESd7]d==(EC:

Electric Conductivity)e] 33& wo] wkx|ut 3|2 o] v|w 4 7heslth, TDRS i
3+(1.0~3.0GH2) & o]&3tt}. 3|2 A= A A7 M7|xE A= W Eks)
of glojyith o]l oy m=EAgte] gtk FAHQAVF Al ECHFS MR A o

g gz de] Bibeha sHae] WA,

Ao A8F ELGFEAAME 240 WTI000B (F]ef4lx, Korea), SM200
(Eijkelkamp, Netherlands), TRIME - PIC0O32 (IMKO, Germany), GS3 (Decagon,
USA) Solt}t. 9 AMEL ESTEY ESA7|HEE(EC: Electric Conductivity), E %2
1 2= 9},

=
==

ol

||V
m
_‘
%0,

&

WT1000B AAE gu7le=2 e A2 S 4
sto] Eofe] GEAEHE vl ZgeA AT 9 =

), Digital(serial TTL) E5F 7hsalH EG2E3E AF S9adAw 54753t
GS3 AlA & Stainless steel A Z WA o] i1 AENM = AL&7153lt) HolHEH S
Digital(serial TTL, SDI-12) ®2%t 7bsstw F-3]7} Zfo} A7} 41th. TRIME-PICO32
AAE ESFEY 258 Al 5438 TDRAFS AHEste F&8Ae] =l Analog
ZEAY Jheste 7] b vth SM200 & RV B2 AFESAE AMETL

;
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ol A7|7F Zrol AA7F Ao EYECHE SASHAIY EYsids A g o]l o]
|53 FHEA Feu. dolHE9 2 Analog® AW 7heett Aol AAMES E
FouEg7)5w ol g3t

go A1&3 AMESY WS HS WT1000BS A9std PeHS waErh ol IAH
#9399l IEC(nternational Electrotechnical Commission)ol|A #|A3st 402 [EC
60529 oA WAe} FFY HFol| e AF RoFFEs s 7l 7IEolth
[PHe] A HA 2= WX Z5E Eiﬂ% d=5 YUl Bxlsaold F WA =zt

T EENEH BiFe A%E vede Waeaelth. GS3, TRIME-PICO32, SM200 &
B P68 s HeE WAEsH 65w, %4%% 8 H= oHgtt 0~67H4 Y A= BE
FolM FHa THeln 0~8744 WA= Weaolr 2o FAR AdzbEel ool ¢l
£ FFolth. WTI000BE ASW-5FoR 30~50m Aol 3~571¢te] =& ol
AAAET 7 A Foolth IPeH o BY IPx4~IPx7 AEe] W FHo] "k I
Ao M nlE gAY o] ol MA2 FEolw F4 Imzloldl 30 ofWie] dA[A<
Aol dal ot H= s 2R

tolel=  GS3¢ 4%, Digital(SDI-12%2])%ko] 23 SM200, TRIME-PICO32,
WT1000BE <& Analog(ﬂC’L)Oi =385 dolEe &7 (CR1000, Campbell Scientific,
USA)ell AZHA. =935 ESTET%0] obd EYY &8 Hehdi7] witel 2
gug o) A8 o]gste] WEsof str). AlA AZFA A HES AAE B F o]
/qNEE JJ_62°ﬂ xqa 1:}

3 62 Calibration Equation [unit: %]

AlX g A B ol &4
WT1000B 0.02V
GS3 100 % (5.89 « 10 < V3—7.62 « 107" < V2+3.67 « 10 < V—7.53 « 10" ?)
TRIME-PICO .
39 Moisture: 0.1V, Temperature: 0.065V -15
SM200 100 % (1.611 X V°—5.48 X V4 7.248 < V*—4.61 X V*+1.917V—0.071)

Aol AbgRE A S FAHR] BEY, AlxzAb, 54, 14, olvA= 3633 2
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3t 63 Sensor Specification

AE 723 STHIA
Moisture: O ~ 99.9%

ESEC: 0 ~ 6.0dS/m
Range

WT1000B, Terpperature: 0 ~ 60 °C
Moisture: £1%
m] 2f Al A

Accuracy | EC: 0.1 dS/m

Temperature: £0.5 °C
Type FDR2

Moisture: O ~ 100%
EYEC: 0 ~ 23 dS/m
Range ) . _—
GS3, Ter}lperature- -40 ~ 50T
Moisture: £3%

Measuring

Measuring

decagon —
Accuracy | EC: £10% dS/m
Temperature: £1C
Type FDR
Measuring | Moisture: 0 ~ 100%
Range Temperature: —-15 ~ 50T
PICO32, -
VKO Moisture: +1%(0-40%), +£2%(40-70%)
Accuracy | EC: £10% dS/m
Temperature: £0.2TC
Type TDR
Measuring | Moisture: 0 ~ 50%
SM200. Range EYEC: 0.5 ~ 5 dS/m

Moisture: 3%

EC: £3.5% dS/m
Type FDR

Eijkelkamp | Accuracy

Hlutzs 498 fsiAe SATE F s A o el dFe] degu o=
F1siA F2FE71(DS-543, dEADE ol &t w7 PID <% AEZH =
AFgEle] LAY Yol AF8RF XA 2o ATs AEoR LLE Ao 4
ghom 7t ~ERlE| s AR o] Fo ARl g7 Allo] FRE] FAL AE
Al APaES dAsHA AL 7 U
(th 498 =%

AMadietal shad abEuy AAA A 9,745 FESAT. et SR
7171l EFAREAS F Adbs w640l dERT Ad dd 7 59 A3 gt
s FEF57I | A9 A% 5AE <2
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8] (Gravimetric Water
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(1)

o] F7(g)

=
=

o

y el

mdr'y
A7IA, w, = TEFTH] (Gravimetric Water Content)

Muyyer — mdry
= FA

Meoil

Mesoli

Myater

g

(Volumetric Water Content)

w
Myaters



o I/wat(zr . m'zt'ate'r/7'11,'ater - wg X Yd(soil)
w, = = = (2)
Vsoil msoz’l/rYd(soil) Ywater
A71M, w, = AA &1 (Volumetric Water Content)

VYwater’ I/st)il = %‘q ‘Tq) %‘q l'?__jﬂ(cnf)
Yoater = =2 FATHF (=1g/em)
Yooy = = XN FZF (g/cm)

9 52 olgstel AN Ho) AMFFH T FIL EFFLEBFOWOE 23 e
A gE e Bel ANES HAtD FURS T F, | EFFU(TLOE ol g3l T
& 19 Bre BIHS 7 AR FEEI WAAAL AAS AFEEH gk} 1wl
Agnelold 43 g2 ke T

() dlolel A % @7}
AW AP AFE wirttt A3l AMRE
el 5 HI 59 Ay A% F, 22 2o
ol S A7 % 1,23% AUAY AE vuste] TS Wrth s u A AA
Edstea 1,234 AWddAete] AAE 5
Error(RMSE) #t< 73l A% WstE 4] A s 7
A AddaE Fadl RMSE #t& 78 Hlagth. RMSE= A #elu %%—OM L}EM
ZHError)E Al (Square)d| A H(Mean)dF 3
= ALE oulsty 0d 7k AEstal WshyE Avs ozt fn oju 7} A=
A& efste] S xHS vl EAlste SAMUET o83t outlier 5
oh A AP ARES E AA gl e xS 3 RMSE#S o] &ste] AEEE &
AL 12 ARAE R 235 AWAPAAA He= RMSE #& Eviz AlA=9 W o
& 3 TS #AS, dAY R T2 S o] &3k 4t

e

ol

(4) 2dvg 3 23
7h A A B el
4714 A gl B eld A3 r® e Tekglar 1 A= %650 g vk

¥ 65 Calibration Equation [unit: %]

AX 3z Aegngold 34
WT1000B 0.0025 V? — 0.1744 V? + 4.4246 V — 12.663 R?*= 0.9448
GS3 0.7148 V3 — 37.678 V? + 662.84 V — 3872.8 R*= 0.9730
TRIME-PICO
39 1.558 V* — 45.469 V2 + 442.65 V — 1418.3 R?*= 0.9833
SM200 0.0021 V* — 0.1769 V* + 4.9452V — 17.677 R*= 0.9664
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() g 59 Volumetric Water Content

Hatizo 2 d3s AR wiel Adldded AsHes Fo BdeTdwe dAd
of @tk APl AR FO| FEEHS 1A AWAF 20.14%(VWC), 23k Audd
19.28%(VWC) &= tha zpol7h glout AAHes M SHgkel & 9%= 74 For
25719 F=EEH £2(25T, 65%) stolA AR7IRbESE EGFEEe] Wi FAE
& ST A

(th Aol A= 2l
EF Tt AL = EeAt Mk Al SAT ghel A vuste] R

v A5gko]l AAGAA "ol A= =, AEEE 9vete A= 04 IMHETH
Asltta 2l RMSE Ha3ts #S o, 714 A4sk 21S TDRAIAQ TRIME-PICO32
ol SM200°] 7b¢ AdstA ¥k = F vk WT1000B9 RMSE ¢k
TRIME-PICO32 H.t} 0ol 7FHA|Rt dlo]g o] WEFo] Adte] ¥ Hdsirtal H7|= ofH
ot} 12 A 292 ¥ 663 29 15690 UERWT

=

¥ 66 1% A2 E RMSE %t

Day | GS3 SM200 | WT1000B | TRIME-PICO32
1 0.3433 | 1.1881 |0.4330 0.2177
2 0.6173 | 1.4282 | 0.4587 0.3727
3 0.4710 |1.6080 | 0.5393 0.3803
4 0.8394 | 1.7294 | 0.5396 0.6022
5
x|

1.0089 ]1.8239 |0.7636 0.7641
g4 | 0.6560 | 1.5555 | 0.5468 0.4674

18 -

16

14

12 +— ——G53
=il 51 200
—fe==\WT10008
e PICO3 2

Dayl Day2 Cay3 Dayd Cays

a9 156 128 A2 d RMSE 3t Wt
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¥ oA AASE LAHYE B GS3, SM2002 £3% % £0.62 WellA =7d3ke] Y
ofof 3t WT1000B2F TRIME-PICO329] a9 E +1%= £0.20 WA ZAgko] o
ofof gttt 2yt A3 A3} GS39 a9+ RMSE Hit 0.656% °¢F 3.2%, SM200<-
1.55% °F 7.7%, WT1000B: 0.55% ©F 2.7%, TRIME-PICO32+ 0.47% °F 2.3% 7} U}
skoh Aol A AN HELAMAE A hEe] Usted o Y EYe] t2a 1
of wet ZEjH g o] Aol xpol7t glojA v AR Bt

22k A Ax

oz AYAH A= %67H 28 1579) VERATE 13 AuAd Azl npRvbA 2 TDR
AlA el TRIME-PICO329] RMSE #te]l 714 0o 7124 veb 2lom TRIME-PICO32 Tt}
g0 GS3 AMY AuwEsh wmed ol FAMMWeM sla@ch GS3 AAde 4
SM200°]tF WT1000BH @ FDR AlAo]i} EalurAe] Digital(SDI-12) ¥-2lo]th. SDI-12
L AA A =43 7+ 7 data bite ASCI ZE=2 A48 recorder’} o]2 Qo] A
A5 AL Analog SEE WEEle] HolF= wAe] B ZzEZS wath A
addressE &93le] dbe] SDI recorder’t Hul 62712 th2 A &3 TAE 4
AeEarm7F Hom dole 9 corruptions ol A7l =rleE ZHHo] glorn) thE
Analog 2121 9] AlAfol H]&] H3tslo)

12 AWAE Aot vaugdls o, 13 Al Aol rne 23 AWAE ] Aagte]l ¥ A
A Uit o= &9 AAHRAAA =, v, 55, &%, A9 T 79 A dFoE <l
3l AAEe] ALE7E ozt "ojxl o= B 4 gk A GS39 7

SM200<& 7%, WT1000BE 6.9%, TRIME-PICO32% 4.3%°] <% <l H
th. TRIME-PICO32¢] 7-%-, RMSE ko] &7tslzl ot ofds] 7V 22 #hs
dlolg o] Ws® AlstA] @t o= AlA SALA ] 544, TDREA ] AlAfo]7] ufof
Th2 FDRYAIHTE Adstal @27F ¥ A dAg Aoz 5 & gty 22k 2§72 &4
Argkol A 1,22 Aol 2 RMSE #ES E¥ TRIME-PICO32, GS3, WT1000B,
SM200 °] =412 RMSE#ke] 00 7M7AaL o= AAES BHEE +4F5 9vete o=
R wEFHE MM AYUE M= A WEHA 2t WT1000BL 45, 14
AR 22 AF Abole] Aol b wlg- Zlvh o] 9N $HAF 9 JFgor AHUTt wo] "ol

[e]
A Aoz AN 4 Atk

¥ 67 22 AWAE T RMSE %k

Day | GS3 SM200 WT1000B | TRIME-PICO32
1 0.4833 0.6395 0.9846 0.2950
b:

0.7175 0.9480 0.9845 0.4731
0.8450 1.2363 1.0961 0.6601
1.2721 1.7104 1.5701 1.0974
1.8227 2.1867 2.0306 1.6294
33t | 1.0281 1.3442 1.3332 0.8310

2
3
4
o
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15 ——(G53

=S 200

—de="WT10008

e PICO3 2

0.5

Dayl Day2? Day3 Dayd Diays

a9 157 2= AWA2E RMSE 3t w3l

(@) AN WF Bl

WAL FEYo] Frhe ou 93 B0 wFo] Holw 1 Aol WMl Arke Ao
2 2 APANAE 9 HEL S A 1 AEE Asksk 93N 34 F A,
AEA F ARG B A 24 AWAY A vastdnh. S04 648 F
A, AFA F OARAES B D 33 ANEE AAE vasior AW 4G oI
d A R Folm 1 oolfi e ShEdlA slEsten Ak 124 AEY AuE
3l ¥ RMSE#t=2 obefl 368, 1% 1583 ¢t}

3 68 1,228 A4 5 RMSE #

Day | GS3 SMZ200 WT1000B | TRIME-PICO32
1.0735 0.3821 2.2780 1.1715
0.9748 0.4448 1.4677 1.0221
1.2597 0.5386 1.4091 1.3091
1.3025 0.8661 1.8876 1.4177
1.6845 1.2402 2.1778 1.7554
+ | 1.2590 0.6944 1.8440 1.3352
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dsteleh. A3l o8& AlA S B of
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7kA1 8] 2polE YERHATGE 82).

E 82 BAAe % F4 AKA5e ASge] v
d = FRAEIAF(D) AAYEAF(D) 2ol ()
2002 142 142 0
2003 135 139 -4
2004 142 147 -5
2005 135 137 -2
2006 132 137 -5
2007 134 132 2
2008 143 138 5
2009 138 134 4
2010 128 129 -1
2011 129 124 5
2012 131 129 2

(2) At =2 %7] o5 2d
Uh A7N% w4719 A 2 Y, Y, ASLS 9 v
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E 83 A1 Abak FA9) v, %71, A5 L2002 7 2012)

T Tl () =7](4.9) A5 A5 (L)”
4/22 10/30 190
4/23 10/25 184
4/24 10/22 184
4/29 10/25 178
4/29 10/29 182
4/30 10/26 178
5/1 10/29 180
5/1 10/31 182
5/2 10/30 180
5/6 11/3 180
5/9 10/31 174
o o 4.31 10.30 182
7H4u-E 3l (A) 4.22 10.25 174
714523 (B) 5.9 11.3 190
HZHA-B) 174 9d 169
Z AFda WA RE FEAAA o] sa
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T 84 WAF ASVA )8 AgA5ole] 4R
e A =3 A =7 =7
A8 Ag@le  dRAwile  dFANe  Ae%  AxAg
1~30 -0.76738+x* -0.66002*% -0.81974%x -0.17329 -0.39806
1~60 -0.71844x -0.55554  -0.75135*x -0.42771 -0.14997
1~90 -0.61998x* -0.44858 -0.65977x* -0.4971 0.04313
1~120 -0.49305 -0.34893 -0.52299 -0.42058 -0.03772
1~150 -0.21571 -0.13494 -0.32568 -0.58024 -0.00229
31~60 -0.53521 -0.25827 -0.60451 -0.4032 0.13873
61~90 -0.21726 -0.02244 -0.32512 -0.32809  0.18026
91~120 0.13399 -0.08344 -0.03945 0.2672 -0.12899

121~150 0.91841**  0.91079=x 0.74778%x* 0.01823 0.06022
Z* **Significant at p=0.05 and 0.01

(th) ©A7], FALdH A7 ASLFete] tedd s A
2 AFAFE F435H7] e BdA S A7) et UGl o] =2 v
I TS 12195-E 150971419 FHLAH A7 2S SHUSFE o ts AgsH] 24
S 3 Ay ® 859 k. wdy FHAH7IS ol&d Ao HAAAST
0.84512 A W whe] w349l AAAG #<Ql 0.6491 R} =kt waba] $x]9
AEgAdes wldy RS 121938 15097449 74 AP ¢ 7|28 o]-&35d 84%2)
A2 AFAdFE AT = A

% 85 WAV, FHAREI LT AEA5ee] GFAD T B

model Indepedent Parameter Coefficient of Probability>
variable estimated determination(r?) F
I X, T I“;;f%?g?§§'2 0.6491 0.0024
X1 "7 Intercept:123.74
I Xo: FALHA7]2 X1 :=0.0658 0.8451 0.0006
5 :0.0989

 BEl I o3 394 1 y=123.74-0.0658x1+ 0.0989x2, r2=0.8451
() Aol o +4 A
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d = FAAGAF()  AARSAF(D) AFel ()
2002 184 184 0
2003 179 178 1
2004 185 184 1
2005 183 182 1
2006 179 180 -1
2007 181 180 1
2008 187 190 -3
2009 180 178 2
2010 179 180 -1
2011 173 174 -1
2012 181 183 -2
2013 179 176 3

(3) AFEHAY BAARL 9T F7h AT
A% wele mAARe 98 FHATE

oJEle] WAE W AT 8 FYEY :
(2002-2011) 714AES AFAG9] Azt /1 PARE stefste] wa Lol 2r)RA )
ks 7R hrel s,

g7EA e wAdel AFste 49 e FHL AP 98 FEAA 109 w99
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# 87 TR FHagdaet F8 AR
Firle | Aarle | AAve | A5y | 9z
448k 0.0585 0.07147 0.09934 0.2323 0.1064
44 0.1457 0.1575 0.1316 0.3515 0.0476
Sex -0.3264 -0.2859 -0.1281 0.3877 -0.1925
5¥TE -0.2406 -0.3016 -0.0270 -0.1566 -0.4819
5¥dte 0.03933 0.2023 -0.0905 -0.2297 0.4029
5¢ -0.2371 -0.2044 -0.0935 0.0435 -0.0122
692 0.1106 0.1158 0.1286 -0.0745 0.0057
69%<¢ | -0.3122 | -0.3106 | -0.1863 | -0.0059 | -0.0434
69k | -0.4525 | -0.3026 | -0.509 | -0.2774 | 0.3755
64 -0.3177 -0.2392 -0.2476 -0.3201 0.2272
T x5 -0.1969 -0.0556 -0.2873 -0.2165 0.2816
Td4sE -0.2191 -0.1916 -0.2685 -0.0557 0.0387
743k -0.2243 -0.2047 -0.1774 -0.1018 0.1778
74 -0.2374 | -0.1721 | -0.2604 | -0.1787 | 0.2479
8¥x& | -0.3240 | -0.3830 | -0.2781 | 0.2972 | -0.1159
8d T -0.4436 -0.4676 -0.4422 -0.2055 -0.1004
8 ate -0.0835 -0.1083 -0.0258 0.3131 -0.0947
84 -0.3858 -0.4226 -0.2848 0.2253 -0.1407
9L =& -0.1659 -0.1124 -0.1434 -0.0696 0.2174
9dT= -0.4133 -0.4045 -0.4599 -0.3042 -0.0438
99k | 0.1568 | 0.27520 | 0.0950 | -0.0769 | 0.0075
9¢ -0.2127 -0.2326 -0.2295 -0.2183 0.1292
A7) 7188813 8 aadge] H4 A 59 Fa, skl dxA
o 71 dolElel sl frelml gt g Algrh shetE vk shARt R
FEIE o w98 2 EE Foo ddEHnR 99 0% 714
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oJHE R el 3]7EA AEd @2 Zlo] HuAFE w4 &
Aoz Azten. S uke] FHdAE B dvHE A8
Thaelel] A8k Atel BtFo] FUbHoR AEA S| Ve EE 24
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2. ol sevs) FE=A R T
SEivel Aed Aol AFedsrt Aol o 2wA AFis
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of TMER dojudd Fal7h A2 10893k 2~3del] 132 Zgof F7b
al., 2005). o= oWl A o] FafldnsE 5T o HA7]=xt iy
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* 92 H3Y T A%

o EZ ZAS R T3 A B (%)

1 g s 315 307 97.3

2 ukz Al 210 105 82.5

3 B =t 80 60 75.0

4 5 85 57 71.5

5 ek 80 40 60.0

6 FIM T 50 30 60.0

7 Zeul g 205 108 59.1

8 ule 120 85 56.3

9 L e 246 122 51.8

10 o} 7} =7 253 90 51.6

11 e 695 412 48.7

12 LSl 130 60 42.9

13 of H 1= 941 468 40.1

14 ) e e 5,183 2,260 38.0

15 =3e 150 70 35.0

16 AE= 3,576 1,244 34.8

17 o] =1] 90 50 33.3

18 w] 2,299 640 32.9

19 23k 53 17 32.7

20 ZA T 77 22 32.1

21 o Akl 893 389 32.1

22 FAR=R 1A= 90 30 30.0

23 Z A w) 1,685 151 26.7

24 o E 2,297 787 25.7

25 = 80 15 19.7

26 Wl ] 3} 1 260 67 17.6

27 n} = 7} 589 63 16.1

A 20,732 7,749 37.4

(4) Hrd 2ol w2 Ustd e
W 210 2 Y AeE dolry] 9ot AU EFTUS Auste F
o2 FIIHES FAEINY. AR wE FIEES B A= S
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T 94 Bgol Fmeh AT J)dasetel Au
Chand
718l 4-5¢ 6-74 8¢ 4-8¢ 9¢1-16¢
CHMEEA7)  GREndr)  =r)  GREASTD (8RR
Ht 7] -0.415 0.026 -0.010 0.009 0.165
HaL7)& -0.443 -0.224 0.119 -0.339 0.265
HA 7] -0.207 0.315 -0.035 0.044 0.139
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+ PillboxZ S35 +=EE YH0[HE S& THLHAZEE(HIV) & nalchst Fo Euo| 22
e F7} 5of tigt SAlA =22 7k
O g=2 HE Mo|El(data.gov.uk) B S5l S35 20 EHE 35 Y #EE fig dojg #A&
M|~ HiE
e HEZ7
L B - 5o foM AT, I0le| okl Sl AEE 2bx| SO,

T T

» dutelSe| & Bstal olo|Cio =3, 2P, clolg 37 52| Aol tigt HRUE ®S
25| ehEhs Hig 9 HYEo R olst S=4AIE ol2f oS #stod 200445 ElH|o|E
712k fEne| AlgE F2

« RAHS(Risk Assessment & Horizon Scanning": Alads S8l 2, FEH7| & 2ZE 37t
H 2ge 78 Y 24810 e MAEHSE e

+ TEHE AE HEs Ao, AlHRIZ 718 E8 Sl E4=|0] Aol i8S St tiE
ek o

o ZF HEpR|HE ML 2028 S5t HEI

- SiCiist obo| HEE FHABID 24 3 XAEE = QTS AMEEE B2 HESIH AlZT XH S HE

« AGIMO 5t 25 2.0 H2l/ M| gollMes B 5 Slolsol Ci#t Repository X H4 &2
AH|A8h= data.gov.au HAO|E 24

Avizez | IoldaE]

== HEZIH

s 27 Z7pu s aete 28] (2011). Y dolel S B4 Avte Hprw

212 %o 7} vdoly #8 A3

N
ot

il

i

P AR wEaes gy vgget 7gel= dldeolE e Fee-= HAFE S &8oty
g5 Hola Qv =, HolARAZE] 0}“} I e FHd IT7|ddA%E App
Engine, Azure, EC2 ¢ & Z#9= Anj= FGsolal, ofFlAE LEA
2291 Hadoop Z#HEol AAZQ AYS op7]# &ar vk, @3H IBM, Oracle, SAP,
SAS 9 ATHoRE dHoly Ao ZAARY IAFEE A HlHoly gH] L AX
Efo] T JNdste] dwjstar 9l

H, = AFAAE olZg AAAR] FAE UA* At 201249
T oddely wiay S o Hgoly Eeo HARRES d g 3.0
T 7 EAY S Tt A 3.09 A sEE vd-AHE A AlES Hed M
|olE] &-&o] d==o]7] uj A= HHolHE F < $
A

8 =) e A RAlE S

H

ﬂl
o

=

_O‘L

o
=1
e
»sa
i
v}
i
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=
&O

o2
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o
il
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A1dFdE SHE AHlE

1. 2g-FE AH| 29 A9
2 AHY Al 7nket V=2 1960 ml=re] HIFE Al & 97t
179 S T3 NS AMEshE ARE 2E Aotk olgtal Ag A
(Foster et al., 2008). %719 Z&}9-Edh= &0+ Hloly A& 9%
T ER A A AE o] AFE-EE &0ttt (Kaufman, 2009). @Aje] Seb¢-= F5FH
At HES A JIZHAEHAH duks A AHse o= ot (Jadeja and
Modi, 2012). & &, vfo]aARZAXE ofnlE KT, SKT& P]rok?'& 71l A FEhe=
AME =g Alstal Jon, -5 HAFES Yuloly AE 9% Fa3% dFow 2y

mf A skar ol

Iy
)

2. 2TY4ES LT YL A SYAlA
Az v guasaded s AFY /142 Fgses 2490 Ak ol A
W7 e ZHeth(Yang et al, 2012). AWAlE Joiom 4As vt ojrAE
e 5 odrks Aotk FuAE FaSs PG el Bgd Fee) U o)
HE Aeld & Qb 2% AFHE ATdUs etk wuelHE N3AE, E34
5 g FYIRE TP 08P dolHelnR odd U Fasth AuAe
Aua el Agle] Al A %xm, BB 9@ 5ol Basd gt 4L 55 9

o YA RZE dEv @ Ha g S A
olo] A4 st ulolEld HF U =& 7o Hel #Ee X3 4 glrh

= 9ok (Hori et al.,, 2010). ©] A]Z=Eloj| A]
H, EYAHE, GPS dHolE], oluA], z{izte] #AUE To A Agd & dval gk
AZAN A= FE A A=FHd R AE 2 5YE SHFEALES F55HY &
9] Climate Corporation< ofn}Ee
E] g%)o] EC2E zzl&o}oq Ay Z2E ARl ZFEFE] JSAHRE U=

e o AE, 14 TBe EF AH, vlo ARo|A] Algsh=
L;gi_g vg _?J_:_ 7;%1% stAo] AAsta vldloly AHHE 93] Map-ReduceE AME-

L b
xo,
P
wn
&
o
=
o
o
5
a.
=<
o
=)
jaV)
N
jaV)
<
S
(@)
—
T =
=
Hl
1o
fj
i)

e o of
[

g AFAEE e AFE ES wHEokd HEAZIAA =¥sial ok
Venkataramana et al. (2012) £ AGRI-CLOUD#= 598 5= Zgddas Aet
Py, o] Y ALY I+= Agri-Data Acquisition layer, Agri-Data Processing layer,
Agri-Data Storage Service layer®] 37}A] #olo]= S/ =w, Z}7Zbo] SaaS, PaaS, laaS
of it Yin (2012) & & dE7A ="l 7]8kgk KaaSehs g o] AMujs 24
S WY, KaaSE Knowledge As A Serviced AR FHA| A& AGst= AH| A~
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Al 24 w8 HolH

1. 9dlol&l ¢ A9

dole el §o& Aystry] a8 gt Foso] EAgh Y719 ol w2 Hlg)
HE 23 533 dojy Ao Aoz ATHA doly Az Woly Holgmoe]lx
g B2t A7l foldA e dlolHE oudt} (WIKIPEDIA, 2013). W71x]9] €%
AN & BldolE = 7|E9 ulolHH|o]~ AT ESOIRZE R, A%, #E], Aol ofH&
135S o gtttar 3199 th (Manyika et al., 2011).

o =z

(m e

™

I
gl o]

Mol 271, &%, tepelehs Ak §30% Aed 4= Atk (Eaton et al,
2012). Flolele] A7 A% oz Foksl fom, FHQ HelE 247 A%How F
e Qek Aol FulHE s AAG GREAY, 2ZEge] 271, Jhvel, RFID 9
o, FH A MEND SlA AYEE HelHES THLh ol@ HolHEe] ¥4

et FFE =, 74 2 HolHE A8k slo] HuolE #ele] Fa3k ool
=3

ddolH = theet T/ dHelHE x&gsr® st Als Fx27F JAAF 5ol ¥, o
&g FH Y dolHE XFE & A HATh o= HFERA HolHE £3T F v
olmjolt}, whebA] wldlolH = Ak, AR, &, 59, AXNAHE 5 LBt of gt o
& 50 %ol EFEHE 4 w, EYHA SAHEHE EE AEE GPSY AABE
o A AgE  dofoF st o] wWl wH<lo] Al gAE 55T F s Aot
tlolB o £xgk Holgrt AFE I AHelEs S8 oudtt. 7]|E9 oy £d tigh
ols= LAo] FHE A2yl =R wi7pA Y HRE ou|A|nk, "oy o] o
e A3 gkt dolgrE Ay s A MRS o gt (Eaton et al., 2012).

2. vldlolg Ag 7=
ddole] AHe d&%Fe dolgEs Hdd A o AHstes 7les ez s
(WIKIPEDIA, 2013). &2 dHelgulo] 2= G323t do]g 4o A3} o gle
1} (Eaton et al., 2012), 9Ho]g+= ¥4 x3le =2 nAZPF dolgHE vFi FX3+=
A dag g

719 oy A o] HFEGAA dolHE Hi

ol Aetal o]& ZIwte R oy #£4& ke daugEs Fdse FHh o=
AeiM R 7]7ke] wiEe et e el AAFE v ES 4 gl AANE a17Fe] St
AE=F MBS o8ttt o] Z§- dolHe] 7t 9
2 A S scale-up WA ol FAIUTE sHAIRE HH o]

) A
=

- T

sl oprlaA e B4 At Bobse 4R o=

WA scale-upS =
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ZIE A wrbed HelHA S fste] a2 TEodA LG ZAbd oA

AN 2RSS AEEaL, olE =wes JAESITh (Ghemawat et al., 2003). ©] =&

ZIREe. R @ E AR Shg At AA] = H
A

2Ejo] SAsIAT. At Holy A% L
o

e
g2sk 4= 9l= scale-out W29 A

MapReduces= W-&%°] HolEE Aestr] 9sir ZAGLA 8-S o] &dte 4t Z=
g Bdo|t}, oA sk o] 2y 2Ele 20044 “MapReduce: simplified
data processing on large clusters’8t= =&o] SRIFHWA #AS Hb7] Al FsESI T
MapReducet™= MapTAl¢t Reduce GAIZ ozl Z2 ey WH o=z Map TA A
FEdoz2 AHEld dolH7F Reduce @AM T & WAooz F&dtHDean and
Ghemawat, 2008).

JNHH

NoSQL Not-Only SQLS oJwlatH, d&2Ql #AE dHeolgue]l =9 =7 AAH v
HAF delgHo]2E  on|gttt, thE Al NoSQL +&#FHo =+ Cassandra, Hbase,
MOHgDB 5ol EATE NoSQLE HlolE ~7|n7F aA A a1, HeolE 3 Z<1Join &
A dstA gon, A o] golsirt= 54 2tk NoSQL 7= UES A

—r‘

AE T 45 HolHE E4sHe= /\]i@% B T4 dloF doe 544 FHE 7
I AT FaAHS FHAastoz BRAS). HBasew NoSQL 7]&% 3tU= 20061 Wit
¥ 729 BigTable & 23 M BigTable= 3] o]’de] Amelr sfefulo] =0
gete vl 2 &F9 dHolHE tRrIflE "aldE Fx3td deol"gE #estr] 9%
w2 A4 Al2®olt} (Chang et al., 2008).
3. Y& YrolE

98 Sehv= A =FHdA g7 2 dolHe WUyt A gEo] Hrh tEE o]
B adem FEY oy #2 HolH o £E, tddt T/F tlolH= Hole
s, AT e R F995 tolH Y ¢ Helg e AV|E oulsty] witol] w98 St

= HHolY AHrles 487 Ik

A7)eh= SHelA l“?j*‘l dolgE HHolH& 53 4= 9tk Hori et al. (2010) = 3}
Foll oF 5~10MB+= deolel7b Addva stk o8 10~30dzt fAgtkar s
gk 57kl A 100 PBE Z¥ st dHlolHE thEof dhfal ’S}Oﬂﬁ‘r Luck et al. (2013) +
Y8 d= HolHe AVE Ve R® wHE toly e HHoly rheAde ST oL
of W2 dA| 1.77 MB/ac ¢ HolH7} 14.4 MB/ac —’F—%OE 7 4 o, A
sHe A% AdEE A AAE FAT mEbA dolEEe] Ysta A or St Flo]
i, FReME WEolE Ag7E 8% olsrrt 2 4 dvkal o3t

THE FEhrEd e ddE TR $9E HelHzE 282 5 =, ol W olE
e 549 gdde EAIGA & 5 gl 71 dHelE, GPS HolH, sof B vs 4



t}eksl =79 dolg 7t A A}, 9]
Attt 18l o]#d AREL AHY =
TE S

g el ol AR Bmikad

upx|eto 2 ol 8 HolE v LA E vldolEle] EAL zt=th Hori et al. (2010)
= 3 F7FAA ST oF 5~10MBSe] dHolH7E AAHET s ol AR

0.21~0.42 MB AXx9] Fx|o|A|vt o 717t 3522 S5 A& & o] F3
7} E7te] JfgutE E718 Aotk Luck et al. (2013)E mIA o)A o] £3 ¥ =
94 dolEl7l oF 70TBO )& 3oz distr|= gt dolguitt =1F7]7F 21l
SAA T o] Z A7) dAFdithd wiAlzF 70TBe HolHE AYd = Qe Alxa®o] I

asit} s

4. ok Moo B By

Y okl A HdolElel e #AS oY AHF AR FolE 4 n 2012 o
A ZFae A 3w American Seed Trade Association A¥HAE 5-& vlgolgo] o
3 AAS HER FrjEgion, 2013 4€% A "HAA G-8 F717F 2o %Y Open
Data for Agriculture W&o = 29 59 HolHE ol & #3dt7] 913 Al2=gl 7)o

el

k1
off
s
oo

o
fin}
o
Al
il
iie]
oo
_0|L
0
S
>,
hind
o

9E d] AgPAl 7132 9t} Climate Corporation=
2006 el =] 2 FAlo] Al FAteltt o] IAlE 60WdzEe] AE FEE AH, 14
TBO E%F AR, vl= B AFst= 7 ABEE EYE A9E F5 FES A434+&
o dFAHHRE whkEo] Fa dnk. o] FAfelA = Al HlHolE AHEE ¢S
Map-Reduce® AR&stil glom, ofufEe] It HAFH HAES o]&star 9

Farmeron & FAibs7boll Al AAE A0 AFE-E] ] kol B x| HolH o] FHIo}. 7F5e
FAE F48te] HAe a&S d F e AR MES dHFAY HEY AS5F7]

= Fofete] el Farmeron®] Al2Hle SEk¢-5= 404 Bldoly A& &
o, 2012l 1470 =7Fe] 45070 E7F7F AREFRl ARl ow A Qlrh o] ¢
John deere°l = FarmSighteh= §71e] trekek diolgE Asto] &8 5 U= A

S 7)eldl o™, DuPont Pioneero] A& Pioneer® Field360™ AMH|A~E 7f@sle] F7}

oA MAEE SE o] HolBE AntEEAA HAT F YRS sk

> Kt 32 o Lo -

A= "ol 7eS A8 TRAES WY Folvh ANE= Fx Al AEAY o
goz Ner)Ei JR7|ES At FxAA HEY Z2HdE'S 338 A gl o
T FEore MEk A Z2AE= AN ZEa BlhelEE HEAA saE R Sk
o] &S st A AR k. ol Y A= A, 7, ave] A AAel 2
A A 584 Y Ao JdHa v
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Sector Key agends (technologies to be applied)

B g Eely

I"gtr'i::ﬁ't‘um A Management of agricultural, farm products (sensor, big data)

Vitamin .. Services linking tourism, culture and local government
Culture ) (OR code, augmented reality, 3D video)
Machine-to-machine communication based management

Vitamin_ £
Food WJ of food distribution and safety (RFID, smart device, app)

Vitamin I \ LTE-based intalligent railroad, smart autonomous driving road,
Infrastructure v localized GPS satallite navigation

Vitamino \ Sensor network-based warnings against accidents and disasters,
protaction of the socially disadvantaged (GPS, sensor, app)

WA o] BarAe] mE™, vdo]H = §_%7§, o2 g3+ Ao] M Fasttt (Manyika
et al., 2011). 3FA|RF 9]7]F|t]otol] W= wlgolEl gt 7]E9] dlolE AHHoz= A
7} B3 dlolele] HEro|th (WIKIPEDIA, 2013). weta ¢4 vlbogE& 840
2 dga|9le V=S et A&ste Zlo] wYE FHere FFel Qo o

52 o]t),

1 o

32

5. Wdlole A8l a9l Al
7}, 233 =(Sparked)iit

2008 vEd &=l A FAg 29 a=AE Abw IHY 7[Es &&3 vdoly 3 &
e FAd S8 Lol FA AEY AME FASt] Lo B3 ARE AAOR
9, grsta ARGl dad o, oF A HE B4 29 4, A%, VT2
A5 F49 AKX (1d °F 200MB/F)E o] &ste] 242t 5o A HA o A& A3t
H w4 N, AR EERES A ¢ ANES SNV AME AqUeteS st
At
., 4 NEC

AR EA B Hz7]7] AEQAAS NECE Aol M2M(Machine To Machine: A&
TS A&ste] &4 FHEE S Thssl Ak w6 &%, %, A9, A%
s ASete AAE AXEH ARE FF, dEstd sk A PCL} 2utEZES R EelE)
of FElstE Alz=glolt), B4 HolEE vE o R w4 Wit AEE Fd Ad9asd
of TUHHIL 7Ha, &7 9 AAAHE dS5ste] HaHE HAATIE EHTF Ak

6. THEokNA BlHolE e FEheE Auja EEAMEHT FE AAA
& okl HdolHE &83 ICTe] =go® Ay oEshe 719 sHEn ¥ A7
Aolal bRl FHo R dged wet o] gloi dA FA o] s At
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A3 A 2 99 39 HIrj=HH

A AlAS] RFID/USN Alg wl=3t F=o] o]&o] 7k e 7hed, %Y, 9=, &
o] Fo8 APTREIE FAEH Jom, Iyl ATREE Obd 21379 A Oy
o= 2,8719 ¢, Ord 4,3339 Qo= vjd & Foz AFsta gt} o] Fofo 9o =
W 7le 52 Ha Ve R vy Addes nla & o 83.3%9 7w YAEE
Holil glom, o]= oF 1.3d Ak 7|+ AXE Hole= Alo® 7 (F2A &), 2009).
Ao HdolE e 295 Ve Qo 2 Aot A-be e AEr)E Nl dsS
AR B U SHFAAY Y vobd AAREE A A g

L. 39 B

7} AE 8 =& (Cherry-harvesting robot)

dENA 7EAET o] 7w ZR7]E, olnA 1A7]%, 3D AN TleEs AET
Zlzolth. Alg]l 82 2 7F wetell o]FoAaL lo] Yol HAERY kmEEE
ol deg b w3 w2 AP UFe SN Ao a8do] "olxa Shdel e
TAZE Ak olgldt EAIE slAsty] fdl 3-D AlZFAIME o] &S A £ 2o
a1 dtH(Tanigaki, Fujiura, Akase & Imagawa, 2008).

. # 2AE" A|2H(A real-time wireless smart sensor array for scheduling
irrigation)
nlzo A A Aed e o] 7leES FA AA UES A RFID H17]=S A&3k Ao
ok AA ojfel Ay uleteE AS ZE ALkl dojA HFAQ 84|t o
RFID$} Sensor Network 7]&<S o]&3le] WFEojxon, 2% EJo i
st QAo AFgHoR ES Fgdseth. (Vellidis, Tucker, Perry, Kvien &

Bednarz, 2008).

o} G} AFQ9 Auw & Y3 FA AA U EY I (Wireless Sensor Network for

precision horticulture in Southern Spain)

Ao irgdel BH MM UEGAE HgselE Arolth 2dAdA 2A AN YEADL 7]
% mgstel APFA o A2BE WA F AL AAE 0§t EFY LR, HE, 9
E 52 Z4eM, F oA BRES ANE ol gdte] gl £X HE $& ST v
5onRe AqE Agetel delo] A8EE B AT 5 ok ofF e A% 717
o gele] B AP T A9 Bo L%, 9% 52 4AF 5 AdrhMatese, Di

Gennaro, Zaldei, Genesio & Vaccari, 2009).

e W EvkE 53 330 AY B AL
vl A 7]%php, XML o83 A4 29 489A o e
WEe BAS Ve AngoEs Wi B4 A4F velsl sl Bk o Ause
A FRstn FEsel AuEgon Auzs A i pA 75 Yo 59
A

N ARE vAA 71 AE3 U E9 A(Michigan Automated Weather Network:

o
o
=
2
&
)t
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MAWN)OA  Aso =z 7kt ol3ls WIal a3z Al=®(Late Blight Risk
Management System: LBRM)S o] &3}e] z} x99 == A

3 T s B
F Au s A o W 72 W& ol &sto] YAE AHE F ol = ¢ Jer 9
T FAE F4 < =3 A < E3A < b o Y itH(Wharton,

Kirk, Baker & Duynslager, 2008).

u}, A2 21U E ¥ (Phytomonitoring)

ol ~g}dllo| A= 2] <12 7] 4 (plant-sensing techniques)E o] &3 7]|&S A H& Fo
t}. Phytomonitoring® AA|7Fo 2 A& AEHES RFUEHH o] IR} 3 Z
stedl Ees 5 AR AxaHolth S AE AAHS Arom SAHsIY B
, A T AnE AN o] &8 FE ) o] FXA = AEdd A ]
10% Alo] A0 2 B & = =
HZ dFdTH, AFed A8 AZEdol= A= A
GRS AMA a e AR o B o] AL AEYA
tHLI & ZHANG, 2007).

o}ﬂﬂn\ﬂé_ﬂlb

o JE& :m ok
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M8 & ELIEA

AgXML. AgXML. Available at: http://www.agxml.org/. Accessed 10 April 2012
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