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SUMMARY

I. Title

Development of Rainfall Information Providing System based on Radar Grid

. Objectives and Necessities

It has been difficult to improve the accuracy of flood forecast with the existing
Point Rainfall observation because of frequent localized heavy rains due to unusual
weather. High-resolution temporal & spatial data, monitoring and analysis skills have
been required for preparing the unpredicted and localized heavy rains.#) Nowadays,
Radar observations have been carried out by Ministry of Land, Infrastructure and
Transport, Korea Meteorological Administration and Korea Air Force. Especially, Korea
Meteorological Administration is providing the observed radar data to the related
organizations in near real-time. It can be very useful in various fields when it is used
for observation with the limited number of rainfall data on the ground. The radar
observation data is collected as Radial-3D in a wide area the curvature of the earth
should be considered. Although the data should be converted to Grid data, there are
many technical difficulties to handle the converting process in water resources/disaster

research institutions and related universities.

The core technology that the radar data convert to grid rainfall data was
developed successfully in the research project by Ministry of Land, Infrastructure and
Transport and the technology was transferred to our company in December 2011. We

are going to develop this core technology to Production Level

IlI. Research Contents and Scope

1. Development System

4) ShEFY HUHY AGA2R AL HF BuA, dxd471edTd, 20124



Data

Automatic Reception of UF Observation Radar Data
Automatic Conversion (UF Observation Radar Data — Grid Rainfall Data)
Data Transmission for the Customer’s Data Request(HTTP)

Windows 8 Metro Application Development for Search & Download of Available

2. System Goals Configuration

- The Accuracy of provided grid data : 95% (Keep equivalent level with Transferred

core module, Inspection of Expert Evaluation)

Data

System Availability SLA(Service Level Agreement) : 99% or more

Process time for providing grid rainfall data after UF data reception : 20sec (in
case of Kwangduk Mountain Radar Site of Korea Meteorological Administration,

fixed altitude CAPPI Raster)

Concurrent Connections : 500 people

CAPPI base altitude of provided grid data : 1.5km or more
Resolution of provided grid data : 1000m, 250m and more

Format of provided grid data : BMP, ASC or more

Research Results

Radar Grid Rainfall Information Providing System

Automatic Reception Function Development of UF Observation Radar Data
Converting Module Development of UF Observation Radar to Grid Rainfall

Dara Transmission Function Development for the customer’s Data Request(HTTP)

Windows 8 Metro Application Development for Search & Download of Available

Improvement of the accuracy of provided Grid data

Securement of System Goals Availability SLA



- Improvement of process time for providing grid rainfall data after UF data

reception
- Guarantee of more than 500 people concurrent connection

- Diversification of CAPPI Base Altitude (1.5km, 2km), Resolution (500m, 1000m),
Format(ASC, GRD, GeoTIFF) of provided grid data

V. Application Plan

- With this research, many experts in the related fields can approach to radar rainfall
data information more easily and it brings advantages that they can focus on their

own professional duties.

- If other organizations as well as Korea Meteorological Administration can
provide/sell the Radar observation data to private agencies, it may bring various

additional services with the related system.

- It may be developed in various fields such as rainfall raster output by Dual Pol
radar, the cumulative rainfall output, clipping by watershed wunit or local

government unit and fusion services with various information in the future .
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AZAE dzE delHel £77 F7bskel nA%e AFY AL BasAY ogy
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Z29-= Z Y Eo= Amazon EC2 & S3,

[e)
Google Cloud Platform, E fA(Azure) o] At z7e FE FEgE

Tg%e 54 the 2.

[

10) &3+ Production ¥} Staging AHE FH|8}aL o] Z Virtual [P SWAPHHA 02 471202 wA|st
S/We] JHo|E A8 Fg& St Wis] HEH3en g watgrt R I
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(1) Amazon EC2 & S311

ofutE FEpFE AMu] e ofukE YA R A(AWS)EAL B, A G ek gl E o]
2 A LS AFslFE PR S39 EC2ekar ok o)e hdek A AR~
S3(Simple  Storage Service)9} AHel AYLE FE&oHA FHEE T EC2(Elastic
Computing Cloud)E %3k},

(2) Google Cloud Platform

Google Cloud Platform- application, ¢ Aol E, o] A% dolg &X & &
o] dxzeto A AFdt= AH|~E Eekrh Google Cloude AH|Z~E=E o] &
4l Google Cloud Storage(dl°ol& #7%), Google BigQuery(dHlelE ¥24) Google

Compute Engine(Z7FHg H3Fd)o] St}

(3) olo|a=ZA=E of X{(Azure)

vtolAm AXEOA Agste SFohr= EHF AHI2Q Window Azure MBl A== 2
2= oA MS 9% AME Adsta HolHE Aty g FHE AH AR
of g 7lold A, THEE Mu/AEe A, oA Z el TA'S A% UEYA 7=

Azure= =1 Wlo] 31% network nodeol CDNE &H3IaL glojA U Am FF
el ol Ha e x5 BAgth =3 BAF v =3t 2 g Ul 7]sx 9
Al FEjE o] dth FAREGE B2 A A st tidT]se] wlolA®

ZE gyl FrameworkE 7|Rte 2 7§dbe glojHefelolm o] S AE3 AJAE 59
Kol oe} ek FHEH vl A 7]EA<d i"?oﬂ 71 el Ao wdno]

o AHlE AT 9 HA

nfo] AR AEE o A (Azure)= A B2 o] mel stEgo] JdEZEtE AMH[AE AF
3l TaaS (Infrastructure As A Service), && /% % A3 ZTRPZS Au] 22 A &3}
+ PaaS (Platform As A Service), 183l w}X|H o2 §&o]ZFg| A oA
1

MUl =2 A 3= SaaS (Software As A Service)E HEF+ A&3ghth

[e)

A S (Applications)

[aaS, PaaS, SaaS+ 1T} FA L4 wel 2o|7t glom Ze-9-= AH[ A+

11) Az}, 2013, oprbE ) Aul2 ¢ 28, 7|2 =
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[
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ojif o el Aol A ALEAE A5 elsAl H.

(2) PaaS

NEA7E AZ Aol de Ml Aulz a7 98 A 7e R AMu st Vs Ee] Al
H 2e9n Auag onath A ZAdNa 5 Azes) AFHa, ARas A
o] FAFAAM ofE Al N B dlelHel T ek WA otk TaaS, SaaSe W

=
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(3) SaaS
ol Fg Aol AHl FHA AFEE 1T Avj2 BAS on| g}, Z2ojt; 712l
o] fA AZFEAlAE AFEStL 2HT F JEF AY Jhed ofF Al AH] 20

o S F29-=, dlo]¥ N Driver 5°] gt}

AR AlF A =" A= SBC(Server Based Computing) 4] 0.2
Al 2=

q
Ml aTHE SgFe degolh

A A dfjZg Aol BdoM AEPY S8 ZRIAPES TE, &
2, &4 & 5 Jdop. ASPANAE TAEFE A5G A 7 wAE Roleol 2t
™ 37FA gE e Roleo] %‘—ZH?‘SPE}, IS Ul Al ofZa Ao ie s 1E

WebRolext IIS7F A= ~ £ 993t WorkerRole 18] a1 7}A4+
Sheria J e °1Ul/‘<l—% 528 5 1488 VM Role 5ol Atk ol% SBCA
HA3lE WorkerRoleS AF&3lo] #oly AR 749 AR AF A2 A SW 25
S Nkt
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fu
=
2
I
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10
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L2l S !

Q== oA dHolyH Fdd wE 2EfA AMHA2Z AFsta otk
Blob(Binary Large Object) @219] ©lol¥] A7t MH|23bo] wA A FAl Al AR
= Queue A9 A2, TEla Fx3E Table FHQ dloly AFaxz EF Huh
Al Az Ame oA fdzA vlojrlg] 2] Blobel 3@ ste] Blo
¥ HTTP URLZ tL2= 7M5s =S Al3Hr).

<p
2
o
B>
2
2

=}

st

Windows Azure Application On-Premises Application
- - ---I -

Tables

a2 4 Azure N EHA

HE, ©] o] § H| o] &

x4 SQL A= Feh¢= S4oA Aes= BAE doleHolx whe] A2yl
. ZFe9¢= #@HolA AFEE= DBMSolE2 WEhd A ARgAL AlA
Holz #e ol e 715& Azure XHA #e] ASE F U= 7es Awsta 3l
Ut Azure EHEOIA dlolg o] 2ol gk 2], Sliverlight® 7H¥ ¥ Manage Tooldll A
2k 12]al SSMS R2 ®M el A SQL Azure Serverol| H<sle] Ab-g&o] 7hesit), o]
3 DB $4S olg3dte] 24 #el HolE, 2 HolES A & UF ¥ doly
AR FA A, AR 7FS- 83 AR, Blob AR A AR dHolH A gE R

I

9 el B3 A9 WES JSea ofF Fxstel ABLAclEL 1 Ao
\=ge]
o=
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Ab. Al 2" o} 7] E 2] 12)

QEg-= o4 Fg5= AMH|2E 7|Wre = gk dojy A 7y AR AT A|~H
o718l = t&3t 2k A olHAA A FH JlEd HF tolHE Ay wr7pAe 3
g A= BI'B5o|t BlollM = $4 o2 By FTPE T3 AAte = UF #= 9
olt ARE A5 FAlgn. ofEgAoldo] ¥ WorkerRole> 1 &5 wHahH
1™n 7§ 7}A] F4o] 7bs3atth B2olA+=  WorkerRole ZZA| =0 93] P& &= F&
ZH]) Aol thgk W55 SQL Azure 2 EHlolE, =1 EHlo]Eol 7|53t} =3 H o
ol 71549 old dz= W&S st ojn Agld Aol A 2 AHE Aef
stal Z2A~7F tg7]18 ¢ JEF gl B3olA = WorkerRole ZZ A2~ A Y A] H]o]
B, 7tad 3k AdE, HEFZAAES blob A&l Agrh B4dlAlE HTTP  7]%F
o8 Faxe s aHd v&ste] AAA-E FAg

! 1
| 1
! I RS o, sel H :
: | workerrole | ! 82 t 1
| A i~-n 1! L S0L Azure 1
B1 I 1 1 1
uf GIOIE  fip 81 1 1 )
i i 1 1
i 1
] Ba'l 1 R e :
! i 1 BEEE 1
i T (e e 1
1 + (s
1 1 Biob i Log HOIE =y
i :I Stroage :' :
i 1 1 1
i i 1 1
I I
hitp & &1 ' WebRole1 :E‘ :: :
A I I 1
< i LB t i Ll 188 =il g {
BS ! 1 i outp D il 1
¥ WebRole2 1 L 1
I 1 1 ]
i 1 1 ]
! 1
! 1
| ]
! i

----------------------------------------------------

-B1-B5 = A

g 5ol HAA 2 AMlAH ofF|IEX s

12) Z=rjy w2z 9] 421, 2012, Y&S- oA S o & Ale)A o|Asty], o]
ZHY W= 9] 491, 2012, AES- oA SR o ZEA oA AEs)], dojE AR
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.
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1

A 71X a £E B BE2 =8 %5 @(Cyclomatic Complexity) & =8 E§F- @8 E IEEF

+ [E5 RadasiliDebug) (M Bl 532 | 3 52 1316
b {} CappiReader a 56 7 3 10 73
B} GWMagle = 57| 15| 3] & a1
pUT PadarUtll L BS 307 2 45 EEL]
b () UFParser 0] 68 105 3 15 a0s
b {} UFParserComma @ 82 8| 2| 7] 18

§} CappiReader i} RadarUtil Properties

% %
I~
=

°

£
formats AT A E AlAHo A AAow FEEL = V1A deld UF 94

g gzipld $Y formatl® 4EHo] oyt FHAAE uf oltf. E A=

15) ASHE=EGLIE A - [ fS BUE Y APA2E AE] et xR Ae B, 20114
16) 3 el 2hols §& AXEgojoln GNU zipd] &olth. 7] fd2 A=yl 2eld ghE 2238 tiAslr] 93 &
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GZIP #}de| w3t Binary Formats w43 & Ax3EE 4 K89 Header HE
2 ol & xS Auses WA sk

ID1 (IDentification 1)

ID2 (IDentification 2)
These have the fixed values I1D1 = 31 (Ox1f, #037), 102 = 139
{(OxBb, #213), to identify the file as being in g9zip format.

CM (Compression Method)
This identifies the compression method used in the file, CM
= 0-7 are reserved, CM = 8 denotes the "deflate”
compression method, which is the one customarily used by
gzip and which is documented elsewhere.

aZ 11 GZIP file format Header

71 el slgelA D1 ID2+= Ao XS Iy Fwolth. GZIP 3d
o] AL mAH el 313 1392 7HA YW 1614 EE 0x1f, 0x8be]tl. CM (Compression
Method) F-#2 GZIP X929 A9 82 A QXM o]i= ZLIB| deflate &5 WHS 21
1=

ray size

4 Bytes
C.3 uf_mandatory_header2 Structure
Source: uf.h
Byte Size Contents
0 char[2]  Text “UF™
2 SINT2 Record Size in 16-bit words
4 SINT2 Offset to start of optional header, origin |

a3 12 UF file format

471 UF 3dlHol A ray size ©] %2 Header2 H-+# 475ByteE €A ™ “UF” Charl2]
g I = Qo 019} ol 9 Q’%X}% 535t stx] k3 GZIP, UF Binary

P J&old we BE P9

B A AE Aol e mEAA dold ARE A5 8 AgEY B
Sa waaAel WAS WAsgon 9% Pk e ouish wA $5Ee Y
sheirt
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(1) 2ol Zxt Zes MM shM s ME

dlojt] AbolE 1 o] &

- SWEEP wit}, 1% zh 4 1+A. 74

SWEEP whth, 3 welzhe] A5 2 3l WAl sl 7)
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=
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@ 2ol H2 =3
b 71+
- ofge} Fo] Yol HARE  Sweep , Elevation , Azimuth ©AE A A &
¢l Bfofof Tt
- RadarBaselnfo info = (RadarBaselnfo)UFtoCSVConv.ltRadarBaselnfoli][0];
b A

- Datalnfo TZAE E3] ®t} ¢ g4 oy HARE
sk T}

o
et
ol
_O‘L
1
Jfu
ol
o

okt

public struct Datalnfo

{
public String RadarNm;//glo|q Z|X] &
public double Lat;//30|5 2/#] laf
public double Lon;//&|0|5 2{%| lon
public int AntennaHeight; /205 2% g
/i
public int Elevation; //1=ZF = 64
public int BinSpacing;//Bin Spacing in Meters
public int BinCount;

public int AzimuthCount;
public int ftAzimuth; //22{Z; * 64
II."I..":-".La}.'

public int StartRangeM; // O/

a2 13 Datalnfo #+=

(th) getCZ() ->getValue( nElevation, nBinlndex, nAzimuth)

|
ne

A s ARl nE , Ae , #97 © 9dste g @ At ol

H
2 3 W AR Datalnfo FRANA AFs ot

e
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7)ol d e wEol FuYi UF -> ASC lkm a4 % CAPPI ZA A} sto] A~Q 49+
Al 7ol 20% 0] 31N, B Ao g HE S Falo] o] AEANS AueuA dtE
il

7} A AA ZE FA N REC
RDR_GDK_QCD_201307230000.uf 19:03:05 19:03:15 0:00:10
RDR_GDK_QCD_201307230010.uf 19:05:14 19:05:23 0:00:09
RDR_GDK_QCD_201307230020.uf 19:05:27 19:05:36 0:00:09
RDR_GDK_QCD_201307230030.uf 19:10:56 19:11:06 0:00:09

5tH Intel(R)Core(TM) 17-260018) 2 Intel(R)Core(TM)2 Quad CPU Q6600 2.4GHz

-0 = = = = =
giul oF 2ue] A bW Aow AWy WAvg AnE: Fud u A4 24" A
= A o o~ I~ ~ =L o~
=i BEQY A% 44 F20] ohd £xo) 9ol o 4u) ANE RO RUY
ATt
H Q6600 vs i7-2600 performance comparison
Single-threaded performance Multi-threaded performance
: ! 2,35
2.4 203 2.4 '
1.8 t 1.8 '
1.2 1.2
0.6 0.6
u] a
Higher is better Higher is better
Memory-intensive applications Overall performance
: 2.93 !
2.4 , 2.4 2:25
1.8 1.8 1
1.2 1.2
0.6 0.6
u] a
Higher is better Higher is better

B - intel core 2 Quad gseon || - Intel Core i7-2600

a2 14 ds &8 5 74X CPUO thEt M5 HlW

17) &3 SW EEo] /e FAdA e EsEd "I dolue BFHSA §A99s AEsste] Nads A4S 583
3t WY oA gelshd 71E BEC A%e Intel(R)Core(TM) i7-2600 3.4GHz, 16GB Ram, Windows 7 64bito]A 20% A&
goln o5 ZAZ & FA| At Al FHFE FAAAE o] FEY FrgE X8 AS HEE AR vk 9lE

18) http://www.cpu-world.com/Compare oA F 7} CPUZF BMA| Al A% vlal AxE A|Fastar k.
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J.

(Lambert-Conformal Conic map projection)®ll

=

717873 FEA

717874 ol A

LI Eate 1

A o

F

=
-

3
A4

w

T 3.141592

: Lambert Conformal Conic map projection
© 6371.00877km (9= Ht A|74HA)

AE572 & A%( true lat.) @ 30.0N, 60.0N

=

< 5

o>

NN Y ofN
>

470 21 A4
A
3

AF

3

Z

Y

=<

Y
(L
Y
=5
)

L
Y
=5
N

o

o
(L
Y
=5
=y

1
Y %/\

D7) % - 380N, 7FAE - 1260E
AE -8 AAE (Dot point 7]55)

136, 5413 Xo : 43

: 31.597135, 127.86340

7V 14982 745km), AlZ 2537 2H(1.265km)
ARG W Aeke B 9H

AR F9HH

© 433935 7%= 123.3102
: 317944 74 %= 1237613
5 1327750
745 131.6423

——— = Fd = ==
REEE ; ]
- Lambert-Conformal
map projection
o F7E
- 637100677 krn

(EE B A2

o i 3141592
o H=HE| S PIZite lat)

- 30,0K, 60,0M
@ JE SR JIEERE

- 126.0E. JIE9k 38.0MN
< AE HE NEAE HE ARHE

(Dot point 21E)

- JEREF Yo 136

- BMEE xp 43
o ARE 24 | Bkm
o HRx
U - 7t2 1493 AH745km),

- M2 25327} (1,265km}
o4 DM AT HBEE

- TS &TH43.3935. 1233102}
31,7944, 123,7613)
TH(43,2175. 132.7750)
- 2516518, 131.6423)

O 17 7|4E SuloE A XA
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2. =W 28 FAEA

 BAlel M= ALY UF 9 delgass A 452 Ws 5 AAgAEo] 227
A ABAZ ATTS ATHREE st A vk vk olE sk el A
771 B2 A Fe] H8F+= TM(Transverse Mercator)l9 F9Ho| Bessel, GRSK0,
WGS84 59 etdA7E Aeld vhekst 254 R s a8 o A= v 2
t}.

7h Y B2F ZEA (LA ©A)

TM(Transverse Mercator) ¥ ¥ GRS80 EILAE Alg3sta, FUAHAE AR
(125°E), = H/AF127°E), 55 (129°E), &l (131°E)= A A3t 27| sAqLFoz 1°

Tkl A gel, FAAo M =HA = 1.00002 At TM GRSS80(EPSG: 5181)
WAMISO A #|F3sle A G TR Agd FxA )

of]

Name EPSG | Ellps Datum Proj lon Lat North East Scale

H o
SRR

5183 | GRS80 | Korea2000 | TM 129 38 500000 | 200000 1
(GRS80)

s FdA

5181 | GRS80 | KoreaZ000 | TM 127 38 500000 | 200000 1
(GRS80)

SRR

5180 | GRS80 | Korea2000 | TM 125 38 500000 | 200000 1
(GRS80)

ATLH

5182 | GRS80 | Korea2000 | TM 127 38 550000 | 200000 1
(GRS80)

SR

5183 | GRS80 | KoreaZ000 | TM 131 38 500000 | 200000 1
(GRS80)

19) 3= W 2I7}E 2 =W (K-, transverse Mercator projection) @ A& thal A FES o7 ol sl v 2IlE2 ot}
AL HHL FUYPAS wAnt Aoeir). FAAAG FAHOR s F& ALddAE FH] Z77) vl 2y o] gzt
Aol Hold tEFH A= -8t 2T} dltlael ] AREEE 1:50,000 A B5F o] WS o] &8 A2 (91719
)
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. @4 S EAZAELY EF FEA

TM(Transverse Mercator) 7% H ¥ GRS80 EFAE
(125°F), = 5-(127°E), &5(129°E), &3ll(131°E)= A3
2 e Ao e 2275 100002 gk =% 4
A6 B oW AdE dHRE 20 oA, AAHF FILHY HEEEAT7E XIN)

600,000m, Y(E) 200,000m= 7=l sl &= At

9, ﬂJ
N
~
offt
>
ok
o%
o
ot
—_
o
-
S
=

Name EPSG | Ellps Datum Proj lon Lat North East Scale
o*l"rl;g

5187 | GRS80 | Korea2000 tm 129 38 600000 | 200000 1
(GRS80)
R

5186 | GRS80 | Korea2000 tm 127 38 600000 | 200000 1
(GRS80)
SRR

5185 | GRS80 | Korea2000 tm 125 38 600000 | 200000 1
(GRS80)

a9

5188 | GRS80 | KoreaZ2000 tm 131 38 600000 | 200000 1
(GRS80)

o. UTM-K #EA
= 8 QAL ol A

R

AR (A2009-668%, A& 2009.8.24) Fx = TMF IS A 93}
b FdAeoR s B9 BEsh e 48 FIAHC
SR A EA |t FHAFE 0999602 shol

Hzhamete]  Ede  PAsm  Adstels] sl FIAP  FAE XNE
2,000,000m, Y(E)E 1,000,000m= gt} UTM-K Bessel(EPSG: 5178)
A F A o]t

p I
M

rlo
=
N
9%
Ry
ki
-y
>

Name EPSG | Ellps Datum Proj lon Lat North East Scale
UTM-K Korea

5178 | Bessel tm 127.5 38 | 2000000 | 1000000 | 0.9996
(Bessel) 1985
UTM-K Korea

5179 | GRS80 tm 127.5 38 | 2000000 | 1000000 | 0.9996
(GRS80) 2000
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2. UTM % A)20
UTM(Universal Transverse Mercator) T3 %3 WGS84 A Alg3itt. UTM

AuANA 717 95 A= 2 UTM Zone® T4 EM3 Hwr} vhits ¢ xo)H,
o] A& VFo® AL WIS XF, I WIS YEow AARY. vt F$- 52
HA Zoneol 9k, o] Ao 7l& M AE 129°, 9% 0°= UTM #HEAL ¢

Hom Abgghh

Name EPSG Ellps Datum Proj lon Lat North East Scale
UTM
51N 32651 | WGS84 | WGS84 | UTM 123 0 500000 0 0.9996
UTM
EON 32652 | WGS84 | WGS84 | UTM 129 0 500000 0 0.9996

v, XY BF 7RE(EAH)
TM(Transverse Mercator) +9 ¥} Bessel EFUAE A83ta, A% F3xel 10405
“E 7HsE Aol st EXAH B A AB(KLIS)A A A8t 3R A o o,

Name EPSG | Ellps Datum | Proj lon Lat North East Scale
e Korean
5176 | Bessel | Datum tm 129.00289 38 500000 | 200000 1
(Bessel)
1985
=10y Korean
5174 | Bessel | Datum tm 127.00289 38 500000 | 200000 1
(Bessel)
1985
JRRERSpS Korean
5173 | Bessel | Datum tm 125.00289 38 500000 | 200000 1
(Bessel)
1985
BERSPY Korean
5175 | Bessel | Datum tm 127.00289 38 550000 | 200000 1
(Bessel) 1985

20) UTM &% Al(Universal Transverse Mercator Coordinate System)i: A A 74 HES QA& A9 AAZ Yehdr] 93 24
A FE AAL] SR 19470l PEEAT UTM FEAAE ATE A= 6° 1149 A= u=Z Uro] 3% W271E2 B
o7 a8 ), 9% 8 HFoFE F 60x20 /M9 AARE v 72t AR Fouitt AAE dF dig T3 FuR A E ‘/}E}L"
oh($1719 2} Q18)
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3. ¥4 #AxEA AA

| » 2pmpegy

ST

w3 =3 Mk 2
Q0
Al A
23| =B e (ESRI GRID)
QO
- A A
2 At =k 30rrx 30m (ESRI GRID)
EQO
= | A
o e 30mx30m (ESRI GRID)
_ EQOD
so|= Ha 30rXx 30m (ESRI GRID)
20mX 20m EQO
= L
EXNLS ST E0mX.60m (ESRI GRID)
3 719,225 4 SEY K — e
[=] P T, + I L =T (E5R| GR'D:'
ol P E B H : o
(== LR A= =] =T EE5R| GR|D:|

a8 18 WAMIS M3 HAA EE oAl

21) FEWELY IAFAALNFYARA 2D OR A, WA B FARR F5 2ol
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WAMISo| M = 33247+ TM GRS80(5181) &3 AE AF&sta Ut

_esa | ean | ew | oxoe | eosme | oex | e | wens JEETEE

Ags2 2

ZEEE M M
THEAhL

=5k

ATt

FlEegErE

A

A58
ESte - EZEE

o FEOEC _ EOEHE

E = = = = — -

J% 19 WAMIS X837t M2 Ct2EE9 ZEA oty

ofell ¥ Al A=y Zll FAA T3 ARk £8&3 dHstA Adsty] 918k
EPSG 5181 Al %% HEAES AEsto] Alxdo] A&t Fehs-= Al=g Wit
A R E = UF 9IRS ARt QoA dold =2 xA7 WA A& A=
2 ARE AREACAA AFEy] 1% ErldAC A EPSG 5181 #HuAE wWEste] Al
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AR 9l CAPPI 7|11 %+ 1.5kmE s}

0.0

=== =

i
1 1
C 30Ei]90121315018021D2402?D3ﬂ]3303ﬂ]3m420450480

Horizontal Range(Km)
a2 20 CAPPI 70'E 7§ & = (http://app.nimr.go.kr/radar/)

A+ ENFH o]FHI ol tld QPE(Quantitative Precipitation Estimation)
A= 71= CAPPI 84 ol9lelx PPI ¥, LEMAP %3 So] &3] d5/&8¥
ATH 22 5 CAPPI W e &8 %7t vof A & do}h # fA|gA = 74 o=
dee] 54 CAPPL 7|+ 11%E AHEE & A=F 71s /Il en 20 kme A €sho
olg EdFE BAHAA AlE et o

22) HRFCO, Hydrological Analysis of Namgang Dam Basin using Dual Polarization Radar Rainfall Estimation, 2012.11.2
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A5 d Az AGE T

L HH = A4

2 A Alzg A= Ao s EE A= AxE A, ARl & F e s
< swakd k)

oA oA ekt AgAF “doly A5 ddEE uedt
ol GIS Aw HA A AAANME HAFFHEF 2 FE5A4
307150m #ely 500m™2km 7] AxA-U w HAe AdRE 4t ar
Rqem | DEM, #deoly AA A= Y max WHE Wl A A-7E 2P 4

wholl tdk A F Aol virfa Hrhek

# 3 DEMZ} 2ol &2 XA sfax BHao E 7& 22 Hw

dlerad 500m 1km 2km 5km 10km

DEM
2 F-fr#(cms) 1,946.40 | 1,934.50 | 1,918.00 | 1,884.20 | 1,761.80
2om AT =2t 1,075.80 | 1,087.70 | 1,104.20 | 1,138.00 | 1,260.40
F&204(1,000 nd 154,250 | 153,459 | 152,955 | 145,649 | 138,772
FEAZ A 38,208.30 | 38,999.30 | 39,503.30 | 46,809.30 | 53,686.30
2 7= (cms) 2,078.40 | 2,066.20 | 2,050.30 | 2,123.70 | 1,812.90
150m AFfrE A 943.8 956 971.9 898.5 | 1,209.30
F&202 (1,000 nd 155,577 | 155,376 | 154,458 | 147,623 | 139,904
FEAZ 2 36,881.30 | 37,082.30 | 38,000.30 | 44,835.30 | 52,554.30
5 F(cms) 1,894.90 1884.5 1908.6 2064.2 1875.9
250m HF 2t 1,127.30 | 1,137.70 | 1,113.60 958 | 1,146.30
F&204(1,000nd 153,388 | 153,017 | 152456 | 145,380 | 138,652
FEAZ 2 39,070.30 | 39,441.30 | 40,002.30 | 47,078.30 | 53,806.30
A F-fr#cms) 1,917.20 | 1,906.40 | 1,902.20 | 1,959.80 | 1,729.50
AFF =2t 1,105.00 | 1,115.80 | 1,120.00 | 1,062.40 | 1,292.70
S50m Fr& 421,000 nd 153,040 | 152,775 | 152,297 | 144,348 | 139,408
FEAZ 2 39,418.30 | 39,683.30 | 40,161.30 | 48,110.30 | 53,050.30

23) 7§et¥ Console Application®] Command Line Argument 24 Cell Resolution®] A4 ¥tk
24) =529 21349 A1, 20114 49 (105 - 116)
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A icms)
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100000 -

0000 -

a00.00

S00rm

1k

e 30T =150

2km
HE A7

e 20 0T

350m

Skrm

10k

% 21 DEM A AL s &t=of & golH

55,000.00 —
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51,000.00

48 000.00 -

47,000.00

]

HE A m

A

°F 4300000 4
4100000 -
3900000 +

3700000 -

4500000

35,000.00

SO0

1km

gm0 ] 50—

2km
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A6 A AT AR 20 3

Asgle A oAl AR SHE: Axgle] ohg 108 F7 ARE A%
MBSl 4N AF 5T FUE FARE WHBE AEATS weldte] vg A7

5, ° 3o M= BMP, ASCE ¥¢3}o] 3
Folde xS ATy E AgE v sk 2y 2 oA Falag oA BMP AR
% GeoTIFF %ol &t K 53] Fx f=He fFo o] 7Ie4or Fysirhal
AE At HukH BMPE Ve HE 59 ARVF FElE dEHE dEojoF ARk
GeoTIFFE= X9 ddol A Aoz #eld 5 7] Wit ot} ofof ¥ Aj~¥le o
T4 ey X9l ASC ¢ o] W F FIHHR RofellA 7Hd tiE Al 2l
GeoTIFF ¥W& AA3I o 72 GRD £WS A4 3kt GRD 92 A4 73-¢
o] Az} B0 FolA 7 dy] AFgE = SWEol &4l Golden Software Surfer]
ol Sgol A AxedE, VERE T T8 AYsta glom oy xwe]
A

AR Anel BEH A%, Adbol AFsrhn BekE )

i
2,
>
2
J[m
o

- ESRICIA 7Heksk AZGIS Y ¥
Asc |- dE¢ gl A gow A
- Az g W3k A e} dloly rel 27 dA|ofst

ASC
(ASCII Grid Format)

- TIFF 370 A2 32 dHolBE 3k TAGE F713 dolH

E

- EPSGE GeoTag3 |2 #7iste] Hu4r xd

GeoTIFF Tif -

- TIFF 60 29 7145 wt2n Ayt G4 SW olM= &9 7Fs

= ofu| x| ELZA|JlA] WE] T3 o] £l G T w49

28 Ao AA A
Golden Software Cud - Golden Software Surfer®] A=} X9
T
GRD - ASC9] AH 100% HE 75
26) A% 799} Surferg AHESH Az A9 a8]= 27k IDW, 2214, Nearest Neighbor, TIN 59 WHoz ujefor thekst

A7k we gk
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A7Ad HH UF A5 74 A" 47 g

1 A5 A Ad A H23

2 ohAel A delt dARE AT Ad 7143 UF A Z2ulely 7we
FTP AWE 243 gom 7 9 ALgxel #ste] A& Downloads 3 &&t} o
v UF #83 FTP Aol Alo]E @92 1-Day 4% whdrh

Uate] AFES 7t YS wdaelr] 93 7 TREIZZA

N O =

o

FTP Z2EZ2 ?lE
b de) AgEE Pel)E sheh E el TCPAP $4 Z2Ed 59 shtelth

B A A" = AbEA e #E A7 718 o2 FTP Client Applications 7}
sstol GUI o Wt 23y o® UF A5E F41d 5 itk v UF 9] As= 1

T T2 1Y 2423 T glo] AAE7Y] wolth. Wt s ZRIOMS E3 F7
Al Fel B A veRE 7lee] desty, 2 A= syl Framework

System.Net Yl 23 o] 2o A FtpWebRequest FH: 25 E3te] o83 HAHS #53}

T 5 Q=S Ausg
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N

Q,
g
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il
i
N

of

=
4 4

Jeo= 7|8 gro® NULL & 9nsts AIZF gk
o7 eRE HAS AT oHE* A= e NULLoA &4 424
A} A= NULL gt o= @A ®vh. NULL # 12 EAjsk= 4
o daire F4 Fel2 7HFeta SQL A s B3l o5 3+ T

o
o
1
rol
=
-
=S|
%)

l
i
i)
o,
ol
ol
2
-
2
>,
3
Q.
=
§
=
a.
o
=
r° offt

Kl

K320/ 1000/ 550/ 1500/ 50K _4326_1000_s5C_1500_ .
K326/ 100043 C/ 1500/G0K _4326_1000_a3C_1500_
K/dSEBjIDDD/ASC/ISDD/GDK 4326_1000_ASC_1500_

A AL

o
]

Il

gEgmmE Lt

JoR g

QI I O [9T9CRrY
=
i=5

nn (B
A4
EonoEoEoEg =

nioojooionjooio

i)
=t

=3
=
2 g fokolokoko 8

& 3 MAEHNE
iz ML

=

Ly
i}

|
=¥
=5
&l

w

CheckType

\NormalAIwe
‘NU[I‘HE|A|IVE

‘NormaIAIwe

|

0

1

2
3 | Wormal Alive
|4

5 ‘NnrmaIAIive
B

[NarmmalAlive

7 Mormaldlive
3 |NormalAlive
g ‘NormaIAIive yyy kA ddHHMm

]

0

0

0

-‘NormaIAIive o
0

0

]

]

:ll |SEAAD | https 1/ A blob, core, windows, net/data?comps=listapredi, i EnumerationResults,!

>

a8 23 MH|A Foj 2HEZ o E2|AH0lM (BOXs Eote 7tE & &)

27) FHZ ol T Lol whAE v gtk Iy ol dloly H/W Et ZIAIAA 74X AE AA 5o Fel= didwe
2013.9.2 17:243% AANA 71243 lellA] 11:21% CAPPIL ou]A] 714] &4,
2013.9.3 13:08% AlAelA 71447 fellA] 09:41% CAPPI o]w]A] 744 £4).
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3. big data 23] o3 o &

Z el #4 A7, 4% A€ UF velge 4
7.

i -
A ASE AT WBE AR D BE AelE, AEA, A, T, EuE d 45 7
5

% AzEol AFHh o]F 4EES 44 BLOB AFiol FAHD Azt ueste]
Ay gl FA8A Ak Ame] A AgaE Fold FHAA 5749 sEelA
AQe wE 5 odom 1o 25 A4 5 @ A4 ekl Blob, Held, 79

ofj

a77b mE s A 100TB(H e 214 A%E 4 ek obele] T = A
soHa Qs Aaded A A AgEE ARE AsR FAXNE et g
1] Alele UF dlole 48 A % Aga A§3e 2357 MBelM & & Agae

20GBelth. 1170 AtelE= &3 A] 3 & AR 319GBE o et

ol dd
a7 =W 319GB x 1271€ = 3828 GB = A2tHEtl.  HEulo]ER 3hatsld 3828 /
1024 = ©°F 37 TB7F |tk @Y A%x Ao A= 100TBE AAZ ALt Al 27d
7HA & 4 e FAAT dA FET Alage A SFdA s AEHoR A7}
gicka geret 5= gl

E 5N NIL ASY

TR MB 7 MB/ 7}
UF Raw 377 1496 0.25
UFZ A3 2HASC, BMP) 29 12677.12 2992 4.24
178 Site 117)Site
FE MB/10% | MB/1A17+ | MB/1¥ | GB/Month | GB/Month
UF Raw 0.25 2 36 1.1 11.7
UF A=A W3
4.24 25.44 610.56 17.9 196.8
(ASC, BMP)
»E 3%,
H=E 3% 38 228 1368 8.0 88.2
721527, CS=500
>~H 35,
H=E 3% 95 57 342 2.0 22.0
7123527, CS=1000
37 52 312 2,357 29 319
28) @A 48 A=l A= ASC, TIFF, GRDE Agsta o & 85 Ao Ao IA ggke] §loh
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A8 A HH Az A5 A5 wjF A" AT A

>

1. &

13

B oA oA A8 AFd A2EE Azure Cloud Blob Storage 7]&S xj®dto] F-=3}
Atk dEg oA 2EHA = stvhe] 2EYA A & EWHAMA 5000(blobs)/s, WS FH
3Gigabits/s 7HA] 7hs sttt gk o] oo & ko] HQsittH G5 AHS U

of Mul2T F YEE FEG

A
A

x 94

FF M9 SAPE 9 8HOR s Fsl WA FeE GANE 2l

obg) ¥ B A = A|2H st} Apache software foundation®] JMeter 2=

Efa HAE S/WE 834 1%37F 500 749 SAHELHS 103 wkE Ags 2

Action to be taken after a Sampler error
& Continue Start Next Thread Loop Stop Thread Stop Test () Stop Test How
Thread Properties
Humbser of Threads (usersy 00
Ramp-Up Partod {in secondsh: |f
Loof Count: Forever |10
| Deday Thread croation until needad
Schedular
Label # Samples Ayerage Min Wax Std. Dev. Errar 3 Throughput KBisec Avg. Bytes

HTTP Request 5000 248 102 3240 231.95 0.00% 507 sec] 1977.89 39940
TOTAL 5000 248 102 3240 231.95 0.00% 507 1/sec| 1977.89 3994 0

a8 25 jMeterg 0|88t AEQ AHAE Z3f

3 [e) 2~ L
Hi SHEEE 2

48milliseconds® 1% w|to]al ol H %= 0% = w5
A

oeg Az oad B W of 19 Axe] BAREL 58

7h BAH A" T

AEez oA gL AFIYH 2xelA TelR GeiEon A Aze B
Atk olF AFEL AW AldS onsty CPU, RAM, HDD9| Z7]o] ule} H|§o]
Gepzinh, B Al AEe shve] Ao tiete] HAgE dAdtolup W2 4ol HolH AE
QT8 gorv2 F AR Extra -Small(1GHz CPU, 768MB RAM, 20GB A*%4)E
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A SEs 2A S s AEFE Folk wdg 8
Stk wA Tt e R tfo e duiud B dHolE 7t A== ofA dolE AEZ HH

U7ta Sojgh=xo] gt FRolth 9592 ojHE HuUlEXE Aules f ol

zolH A" A F7 S 2 9592 oA yoly AE Hroz s}

of2-ul-= HolE = ALEH F HoHY

rr
re <

off
o
o
i)
o

2 Agtd ATZTFEANA AFEHE AMHA olBrg 27| g9EE I ES oz o
Ht,
E 6 EX As A0 Oif 71 ME(x oj Y 744A12F 7| F)
o) Er RAM ARY 714
w24
]2 2HS(A0) 29 768MB
I e o (~¥18.000/<)
%96
2+ (Al 1 1.75GB
(AL (~¥72.000/2)
¥192
HE(A2 2 3.5GB
542) (~¥142,800/2)
2(A3) 4 7GB W38
" (~¥285,600/2)
w768
o9 Z(A4) 8 14GB
L (~¥571,200/2)
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T2 Windews dirs HA N

- o WA ISR AR SO

= m

APE SAFHIEO| BISLICH A
=0ot8 ELC

Tk T ]
i o) EpER ag

H. o
= ey i

S0QL GG E{ W Cl ~Meb S Business)

a2 26 Y2 Of X MH|A H AT
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A9 A AN

Al sited] st dAE Z=A

2~

=K
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