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( SUMMARY )

| =W \ D-02

Purpose&
Contents

Final goal achievement of this study is to construct ANSIM(Anti-risk System
of abrupt natural disasters as an Integrated Model) that can prepare sudden
disaster occurred in rural area by to develop the integrated foundation
technology of safety net. To do this, 1) To evaluate the risk potential of
sudden disaster about rural area facility, 2) To construct the sudden disaster
forecast platform using short term to be reported, 3) To construct the early
warning system of sudden disaster using sensor-network, 4) To establish policy
and regulation and to apply the system in model area.

Results

1) We proposed the flood preparation direction that was calculated by
stereotyping and potential flood damage(PFD) used existing research related
PFD for risk estimation of flood to cities and countries. The PFD was
calculated by flood damage for 10 years used cluster analysis technique and
decision making tree algorithm. We introduced the reclassification criteria from
stereotyping that was classified into five types for presentation of the best
flood prevention measure by region.

2) We constructed the forecasting model of sudden disaster using the local
data assimilation(LDAPS:UM1.5km[70) that is the information of rainfall
forecast. The forecasting model was developed by model of SCS TR-20 that
issue warning and watch at design flood discharge of 50% and 70%. The model
of landslide work with infinite slope model and chu’s infiltration model at a
safety factor of 1.1 and 1.2.

3) We developed the sensor-network module of water level and displacement
based proprietary network that suit rural area as low cost, low power, and
long range communication. This system include middle way that gateway
connected by relay way for overcoming poor communication-environment. The
managerial system was introduced for operation.

4) We constructed the mobile application that serves a local resident lived in
direct impact from sudden disaster. This system can send in an alarm about
futural disaster after 12hours.

5) We verified the system of stability and utilization using model area where
includes forecasting system, sensor-network field system, and mobile
application.

Expected
Contribution

1) We patented an inventions that relates an early warning system using
sensor-network in expectation area of sudden disaster and planed transfer of
technique to participating firms.

2) We has tried research result to reflect a government enterprise and to
respond demands of foreign country as ODA.

3) This system could decrease the damage of human life from sudden disaster
such as localized heavy rain, flash-flood, and landslide. also, The warning
system will raise social security technology that applies prevention of facilities
in rural.

4) We expect that technology and policy should raise the safety perception of
the public.

Keywords

Abrupt
Disaster

Ubiquitous
Sensor
Network

Disaster
Prediction
Platform

Disaster
Warning
System

Disaster
Prevention
Policy
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gl Aggg - AERE fste] ARgSta A EFE ol AT FHAZH
(Automated Flood Warning System, AFWS)4 3 %= A A EHo] & H 1 )
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NWS A zAtd ] BuE ngo s SH3a3A] 2 ARAAE HEE 75330t ol ¢

=
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of a7l A= AHelA olEEAAE AHgets V1€ AEe F3(800MHz ~2.4GHz)

= &8st 4 km Wele] AMT TS Adsh= 71E 2 RFID/USN 7|53 o] 2

SUESA ZofellA 900MHz T3k & AFESHal 100m ofWielA F2 &5 = 7=
= >~

2 PRI 2 A4 Y EYIZ(WSN)E &1
5

+H USNe] WSN<S *3tete Zidolegtar & A SR AFERQIE U, AFE7]HEQIE M,
AMEEAY 502 A%+ ‘Internet of Things'= AlA], A5o] AnlEZI} e 5 %9l
2H2F A 9 RIHY T A4S AdEHE AoE HoHa ) ol Jjgoew E o

A QlojA AWAS o] Fa vt

T AA-YEA R 7]Eo] A=AdHYl B ALEA
X

& sleh (A4, 2012).

O Sensor Node

'O o Q Gateway

IIIIIII Sensor Node

a4 3-1-1 | 74 AA-HEL Z(WSN) 79 % (http://en.wikipedia.org/wiki/File:WSN.svg)

o

1 AN-NEYD ALY T4
A-UEND 71&e nFe] suze gt d FrEe AN AZe] e

TR
S
_
N

¢}
i)
i
i)
ol
b b>orct

Alz='l s st a, Festd AFo= vx WE dighelA JIEs Mot

g T AA ZAFol 1 Ao HYY T FH AA-vEYAE s JAA
o W EZE oA IS TinyOS7F iz 4 olH, oA = AAaE4ld 7L (ETRD
Al s Nano-QPlus7t 714 71 Z27] @Alol A w@o] o] &=tk AlA vES AV} 7]&
o] YESAS} FEHE H2 7|2 HHo] FJote] AR AIRT= Asstd 974 AR
of o Avk= Aotk =, 2 AMx==7F 54 545 98 28 FH HERE XYY
g, A== 719 FAE2(Wireless Communication)S o] &3] &8 Au|~ v ¢}
AAE AolEgole HEFTFo =N, A&7 54 A 3] ARE B Jdsial
gt Ao w st 83 4 qdrie= Bolth
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Sensor Node

r,

'S ™

Multiple Sensor

|
B
LI

~

HW (CPU, Memory)

J

5P :
- PROCESSOR .

A N

S/W (0/S, DB, Application)

L RALG

i

OBSERVER 2.

J

PROCESSED DATA- =
I_I_|D : COMNECTION £ DATASASE
P BATTERY —

10 SENSORS
i e
Wireless Network SENSOR NOLE P
= INTERNET
s -
-~ GATEWAY
) BN,
= ~ ¥ =2 - :
g T ¥ 6 . ,o
Battery - e
H ) ;
=g

)

.

a9 3-1-2 | T4 AA-VEYI FR(HEAS-, 2007)

P AN-EGAY Asd FHS BE ) AAREEW), A4 EDES/W), A
9 9) °

HEAA e &8 AH2E 93 AW A=dlow 7% = Aok A A% uhet
Zo] H/W F-Eol ojdi v s e] DRAPA Z2AES] Ao upel sietd w g
gke] Mote Alg]=27F Alzx7F Ha o, HITd e /M AEdS Fassla AHr7d o=
AME LS & AEF g ArduinoZb 7HE ®o] o] &5 il At AlA FHFoEE 2F
7] e §Fo2 AN FAAAE F5T F AT Tiny0OS7t Bol ol &5 o, Htd=
IS FE o] g&o] Uuk Linux7t AlAe] ¥ EHo] o] & % v} A UEYA &
2+ AFA RF 71&S o83 dAY S AIFeR 3G, LTE 59 7l&S o83 &
Al FAlo] o]

¥ 9o RFID, NFC, WiFi, Bluetooth, Zigbee, GSM, LTE 52| t}%
Fel 9@ Al e wef Ae-gd8 s 9

o

%’d 71d ol AAAQ =4
XHV}X] 7}%} %}O] o] E]I’— A= ATmel®] ATmega A = 2]

2= 2GS st o] A WAl zraggoe] Theshy] wiEoltt

AntA o7 FA-AM HEYJAE TASte dEA-==)= 2 349 AFoE B

T ded, Ay dFdoly T o] RYEHY S ©@9stE Things @Y, Things ©

59 HolHZE FH8tY] CHYlow HAEaE AoEYoeld v 1wl }\X]E] o

JHE ¥4 U ALE PPt AwT vue Tyd.



o .‘: IHA ADIE 2|
BlA w7 2 Apla  ABIAEE)

' " IBM, Google,
o (3 2 SKT, KT A2
X

- ﬂf-fﬂ;F_;—év
s ‘F_“,%-E' {2) - T \ Raspberry P
E Il > I . »
HOlEFHO| . d d Intel Edison
‘,I'(

-
&

" *

< - 0 = T2 ARM mbed,
ot ©et (1) - o == Arduino, ETRI
Things - . - - - = a2 EHZE=M

-}
>

a9 3-1-3 | A AM-UEYT MujsddA e g ASE

o] oA Hel A o] thitE Y Things ©go] dvtel AoEgold wdy ¢
Ax 3z QJHYS T AMZ JdAFE= 22 FA AA-UEYT Au|art FdEch
Things 9¢EL #AL&H o2 HEHNIE FASL Hadsste] dolg F=xHo] 7Hs3dtA

Mg

st AALE/ A 7a V1S, Alo]Edolg @2 Things ©@EolA O+ HloJHE F
F8ta Things @2 1 HESAE #g % olF HESAE Asste 7€, 1459
AW E G2 dolgrt IS F3 dYEW olE #Asta o Feal tied F UE
Sk 7Nk BldolE Y eS EFSTE olof S 3dAY AFEFol wet AA-m=e
Ayl L FAo] Zdelxof &, 53] @k Things == AAH/A71E sfdto] B3 w
ol Ao]Egjold v Aol Ay or uASe AFE FERES ztFa 9lojof
=3

(1) AclES ) @ ZAE 53

Aol ESlolw @2 @ HolHE FHsta AHgstr] fa dHor 145 ZEA
Aot g v 92 ogF 34 RERHAA)S gAsE wdow sl glo
o, o] FE3L Aojete SIAAE =] }%}oﬂ SHA QtERol=y EH s T
4l SGAAE A8t Utk AcEdeld @A T2 o]g¥ e TAUEFLS I
gtz gl gte] Aol A BFstal = A7FE RaspberryPl ZHE 3 Ado A kst 37
FYEQ ALY e Y FAE, 18a A BAH AHAE A%e FuE )
23k AllJoyn, AllPlay Hﬂli Fd93 Fol dxAoeltt. AlESold v FUE T
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¥ 3-1-1 | gt=ulglge] ZHE

v k=g o] (Raspberry Pi)= =12l #F=#g] ulo] AH(Raspberry Pi Foundation)©] il
Ao I 240Y AHAS BE AFHEA, 7159 Ay PCot fAFsHAl 7R =
HUE S FWr7|et AAs] Abgo] 7t

v gtz Fhol= 700MHz ARM CPU$F 1#j3 A 2] %42 (Graphic Process Unit, GPU), A

g A5 A7 X (Digital Signal Processor, DSP), SD#(RAM) S°] §A4¥ n= B
(BroadComm)jik¢] BCM2835 SoCE 7|¥to &2 3

2 A= 256MBe] ol ®AET 170e] USM 20 XE=7F e v, 2
516MBe] #lo] gAlxm 2719 USB XE % ojgjul W ES A 7| 5= W=l dote Hol
A Zpol7b A

obFolimof miZ A v g AlA el AFoolHE AA v Vies AT F Ue
b, 20139 590l A% shie REE welEs 5 0 #8498 4

o] o
AT

Raspberry Pi Model B (512MB RAM)

¥ 3-1-2 | 9| & X =(Beagle Board) Z# 3%

v

H| 2 H = (Beagle Board)© gt=W|g] Folel FAE 423 ©d BHE AFHY dFo=zA, H
Az wgel gas AdAEFHE(Texas Instrument, TD7F OMAP(Open Multimedia
Application Platform) 3530¢] 2} SoC ZR2AA S 7]uro = 2008 d 799 A& =4
OMAP 3530°1+= 720MHze] ARM CPUE H| &3] 14 H|fe 2 Qtje e 2D/3D 1
A FA7F GAEH Jd= T AEe TS T JoH, gEAE HE dERol=
LB E(Ubuntu) 5 t%3 0SE A

2011 10€l+= #lo]E PC(bearbone PC)8) 7 H o A3ts M= (BeagleBone)S Ul
o HZFEL TI AJel2k(Sitara) AM 3358 SoCE 7IWko. 2 720MHze] ARM CPUE
gAgom, W ol LE, PHYE A ¥st= USB, A/D ZAHH &5 F8S & 3%
Aok A AwEHe Hagk oF BFEO FE5 Histeto HAAE FF Haslste AL &
2 ¥ A= el 2 Qlsta] tisste] 7IWhs mpaEetal ol

5
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3 3-1-3 | QlEe] olvs 3

sl

B

o=

’

v WiFi, %52 5 4% AYstE SD A7])9 28 2 2AAE ALY A =
EE 8% ojyz} oz}, 71-4“1] olA T AFS UEdeE MNITHAS

v o] HW Z#3X 2 2onm 400MHz¢ HF& o] SoC(System on Chip)¢l o1&l F = ZF A A

i, Sgol wel e = 2GB77}X] 44 Thsste, AA e e A dEl ofF

o} d%F 7153 [A(Intel Architecture) A9 Galileo MEFR =7 XA}, ¥uk oy

w d% e =9 Je3tE (IDE: Integrated Development Environments)< 50,000

istel Wi E oo, T Ad AFUHE Tl AF MY dsE FH T

voods FHES FAS gz gl gaﬂi I wls) Asol aAYolH, RE A4S A
g A g AA wE FHERD oFFol gt frAFSH

=
@
=
-
m
~
-

E3-1-4 | A Mnlx FHF

v 2G EARARE EAY ZAAHL MR AAHALE Ao H A 7|HFo R ek 100F o] A
F)E 3 IoE(Internet of Everythings) ol ZA| 28-S 93 4 £F4HE EA81 9

v 25 JIXHJAWES OXEA s 582 93 Snapdragon MSMS960, €W E A&
MDM6600 % =rtE wlE g AgAsst 55 913 QSC6270 & vgd FJAME Alesta
. MEstEd o7 IoE SW/HW Development Platforme %3}o] IoE/M2M(Machine to
Machine) @23 3G/4G infra IEY A9 d% #AH M-S g4 & F J=us Qs
Atk T3 IoE @ 7+ seamless 2S5 913k AllJoyn AH]2 FWES AllSeen Alliance
ZeAES Fall getaL o, BE AR A A e E Adstr] 913 AllPlay
A 2~E I R oAlTEa A

v 7] Aujs &Y

%
AAZE AES] A AA
&

(2) Things @ Z#Z 53
Things @22 w8 E E& ®dF APEAS B3 285 0joF stn=z AR/ AdE 7]
W 71E2 FAEE Fo] dwtdel, AdwbAd RF T4l Wik, Zigbee, CDMA, LTE %9
A S A Yoty Alo]Ego] whde] HlE| dHolH M ZEAA7F HaskA 7] W
of AAtGo® ¥tk Things & FF 3 tiate] 59 ol L ofskint
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% 3-1-5 | Arduino Z# %

v opFolm= BHE AVR CPUE HAIg AALSS] mlo]aZAEEe HEo|x| vk AlA e}
dFololHE o] &3 F & oF MY ygAEHH ofFRE Al 9, olE FI £k,
eE FE 58 2A4eE g9 AME B2 297, LED, XH 9 t%E g FoolH=
Adst=d Agsict 7)o GSM, ¢Felztoe], oyl Fo 4 A4 RES
'«d =(Shield)'vt LCD 2=d, USB o Y ¥ (Adopter) 59| AA2E AA7IH
obfFolo F8 L= S Eopd

v Y3 0SE S EAs Ve 3 ddrE mo]lag AEEYHE SW /)H$ 4 (DE)S
Agste, AA, LED, 2E T° o HAAFAE FAsI= AFS NET F A 45
A AEetal Ak 712 A 02 ATmelrte] AVR 7[Rto 2 @ddH =5 A8t ot
& A += Cortex-MS o] &3t

O}TO]# ‘rrc‘](Due)a H| 3 3]

tj Al 2H(Diecimila),

o] ¥ gt = ¥ (Duemilanove),

+=(UNO), OFE0|= UNO R3 opSol Hout=E

el & 1} 2 & (Leonardo), (Duemilanoves) (Leonardo)

] 7H(Mega), = (Nano),

Y (Mini), ¥ 2] 3 =(LilyPad)

S s 2aHel A
v T2 OSHWel H]s] mde

TR €958 Bgon, 1

Apol =% ]S thokaly] wjEo| =0l Nano =0 Micro
oy Fe 2 R AF
Jfhure] A go] Gt o} 59| .= (Arduino) A%

¥ 3-1-6 | Freescale @& =

ol

v e A Z8Z2l o] F Y~ (eclipse IDE) Aol A FreeScaleoll 4] 7iwk3t t}okstk MCU9
AEdte] L5 EE CodeWarrior SDKE Al&3lH, PCB H= /% Ao &8 SWE /L3
I e FAE7] Y% HDKE Al&3stal A

v oolFolx HEe A Thsd Al (MMASGS2 7HEAIA, FXAS21000 Aol = A14, MAG3110
3% A71414, MPL3115A2 ¢t 4lA, FXOS8700 65 AlAl 5)& g7dste] 7Idd + A&

Freedom Development Platform 74 & A &3t Y&
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# 3-1-7 | ARM Mbed Z=AE

wuld CPU A& 79l ARMolA] WHE 27 2 A EZ ARM Cortex-M Alde] A A
g MCUMicro Controller Unit)E ©]-&¢+ AF&-%} 3188 /NI S Al3sta glon, e
S FA4%E MCU ¥ FEE59 9, @ HE 4 59 AdHE AFsty v FFES &
A F7tAY AT ¢ JEE JRE IS e

o] ARMAM} SAA o072 Al¥dtes TRAEVE obye Cortex-MS
A}&-3} o] xﬂomt‘zr& A8l Freescale, STMicro, TI 2 NXP % AZadS 93 3 A

T A ERES TG FHshs AAR FHH dE

ml
o
=

i SE Aud Ashde, OuA 5o A SWE 2 7
& HASA QaE 9 JWeR ZeAEs A4 iioﬂ g Adsae o

&
2 248 AW B AFsn v wd
%_ A

]
ZZAE 9 SHibs fsiA ARMARE
HDK(Hardware Development Kit) ¢}k
SDK(Software Development Kit)& 3713}

B ogom, BAgANAE Aol AdnE
g Al ABA AR FoIF =
SEES

® 318 | TI & E4%

v TI(Texas Instruments)+= 16/32°H]|E MCUZE 7|¥to 2 oA, &, AA, 453 &

[¢) T
258t o gt okoll At H #ulE Fojsta low 53], 2AE ~utE g
= ogEE 9% MSP430, A AEsk/EAd Aol B AR JHH/EHE AAGAE AT
Hercules Safety Cortex-M MCU ## Ad8 MCUREZ=ZE A|&3tal A=
v Fopoll A A FAS flalA A
2= 93 CCS(Code Composer Studio)
E AFatm, o] MEIdAdd = 7]EA S
= #Aade, & A9 % IDE(FHAEA
dx 0 %W =goly ZrojE g, TI
RTOS) 5ol 2350} 3l&
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() MM == st=dle] vl B s FRAAN A ZAE A
A AEAA A= folA Ak vkel o] Things @E A== Alo]E o
ey

|=3
o2 #4399t Things @ AAM==
],

al s

, FHFI 22 39A] A

o] FF E2¢ET5E EUHGEY] A% FAAS7] 2 S AR A sk f19 7]
7] AR FAEY, AClEd ]l AAMxze] A5 wadel/aZeee] wWe Aol dAd"
A dZ2iy dolgE sk, A4z AMresol et dejdAl, EUHy 7] 4
4, BUHY AR MH AlxE dE S0 Ve FHEES Y. ofE sl AoE
ol @ Ao vl duidor 14dee] MCUS Bz 8] ol AlolEd o]
THF 7les ol&stESE Stk AW AlxEle] A dwbAQl Linux MHE ol &S
i

(7H) Thins @& 3% 9lu 2 i 715 473

A= ARM mbed, Arduino, IRIS Mote, TI intros MCUZ th*+
AQstath v #9 o] Thing &% A== ZY
A, ZEAA S e, Mg &3 AEAF 2 A8 i AlA

’
o AgelH B¢ FHHo welstarh

ZAZ o (A=ADH LA A A L2 A~ Z w22 ARAF ESR=
ARM Cortex—-MO 20~22mA
mbed ARM
4~6mA
ARM mbed RTOS Cortex-MO+ 32~64KB
(NXP, ST, Freescale) e
Al ARM Cortex-M3 32~50mA
ARM Cortex-M4 10~25mA
Arduino A 0] 01 AVR 8KB 1.6mA O
(ATmel) i ARM Cortex-M3 96KB 56~77TmA
IRIS Mote TinyOS ATmega 1281 SKB 3] ~66mA
(Crossbow)
AiMiR
(*m2] & o] ) NanoQPlus ARM Cortex-M3 128KB 6mA
LaunchPad TI/RTOS, MSP430 2KB 0.23mA
(TT) 9o ARM Cortex-M4 32KB 15~45mA

Things ©2 AM == Zel Ao o] 714 £33 daz A4z MCUS Adss
Zoltt. 53] AAHE ZAsH7] fg 71E7] AlA o A9 ARt E Y v oo H X
L Aoy gowg gk ubAde oS0 9 = wge s 149 oS Batao}
- Soksts] wEo] 10mA oo Am AR

Aol Fyst. olEldt xS WS Wl Z Yo g ARM mbed$t
Arduino, AiMiR, LaunchPad(MSP430)7} 7}&3t™, AA T4 2L Agx} Qg o]~ T2
WS A Ystr] 9k 8KB o] Wi &3, g e W AEIs A8 AlA 9
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ol
fr
2

o
QL
s
oz
ofo
o
_0|L
N
Ho
Ak
_O|L
ST
i

o

0,

A o)A A dol e FFH oz 1dtdE 4 Arduino(AVR MCU) BRI 433
th. 53] Arduino(AVR MCU)& 7HAo] 53¢ o]s = , U
g AAMolA s QIE el B AEa=S AYst] Widd HAe EFder A8
th. 22 Arduino®l 7

_?_
Efa A Z2EF ~"S YA ge=v 2
Pz

il = UEYA ZF7]sS ol&sh= W
HEE &3Fe 7le AAA, ofy™ 2RAFIF 22 MCUE Addsta $4 Z2Es A9
= MEH oz JhEdsto] Feojel xR AAA o thi AdEo] Aot & ATl =
st=dlo] Al AR He FaAel ¥ 2 Ae=m dAdste] Ade MCUE Ad™stal, £F
T AA-YEAS Z2EE AES Abgshs tiiled EdAs] FRAAE HAstd =

2EZS MEstE FAow AASH
MCU®9| #A4# <l Atko 2= ATmelre] AVR ZZ A4 ATMEGAL28 7]§to 2 whE
o] Attt ATMEGAI28L 8-H|E AVR vlo|a= #AEZw 2 128KB9] Z A9} 4KBe] 2,
4KB<] EEPROM, 10-HIE A/D ZHH 84d 5 @AsAL A 16MHzE &AL
atk TEage] e AVR C 718 AVR StudioZ AFg3&le] A=At 7159 T+3&
hikell SE

%49l sequential processing loop¥} state machines E3lo] wrEojH o AL ¥ H
ool A7+ ¢F 40KB A X o]t}

E o = 2 = 44
AolEge] @t ZPFozA gz go], dts HZRE 3/ ZYUEFS Ut
Hla BA5le] ZHES 24 oo 5 37 ZUES Ao 9, T2A
2 A, MRy &% ARAFE vwd Aot}

¥ 3-1-10 | Things @ AA == ZP3Z HlL
ZAEY (A =AD =< A A Z R A 250 v 5L g ARAF A
Raspberry Pi .
Linux ARMI11 256 ~ 512MB | 500~ 700mA ©
(Broadcom)
BeagleBoard . ARM _
(beagleboard.org) Linux Cortex-AS8 256MB 250~ 400mA
Edison Linux, 3 9 ©] Quark 256 ~ 512MB | 180~680mA
(Intel)

SR 24 AAEE TR 7] 9%k A s dHEe Ee dug AXE A AlA-
YEYAE F3l 4 km Yol AXd Alo]EY o] Aol ZYUHY ARV Addr. §
A AA-ES Y A8¥ RF EE9 25 5km o]de] Sl vEAS A Ysta A
71€ AATE A5 20km olFo = T 7 7] "o AloJEd o] AMxEE etk
FodoA Hoju; wp&3 3 HAE A ] 5o #F Aol AT S A Hr)

mebA AR AE FE) 21 YA AT 5 e Aol Q7] Wi A" Fx
Hope AAI dolHE w2 AHegsta Aujs Ao JEd ¢ & FHY 14ds =
ZAAME HASIE wFgo =z FRE 7SS A9



gpzwg]gto] FAEol A w9 A Ao HrEolA vk duk Linux FH&F fAREE &
Bz 98 & du AT MCUE %33t glow =zl Al 93 T334
2 eEAx Y HE e A= B A8 At 7] wiEel AlolESjo] AlA =
= ZUFor Ageith odux ZUFe Aok gtz ol fA Aes A dst
o gz ol Hs AHY FE2E AeA, BHE A doM HH Fo F24
o] Wil 7tAo] FdHow v gf=uE|vto] ERES AT

gtz g o] ZYEo AA 72402 E Broadcom Al BCM2836 SoCE © A4 gh 2=
g] ¥}o]2 RdBE 7|Hto 2 &tk BCM2836> 900MHz=Z 523l ARM Cortex-A7 47
£ 7[Hte g & GPUE W] %3k BroadcomAte] chipES Wdsta Atk 100Mbpsel ©ld
U3t 470 USBEE, HDMI =9 <] 40¥°] GPIO®] X EE ®Ajstae gt gh=w] 3}
olol &= thFet SFAA £HE F

Qo g WA Mo Age] st B %
[e=]
=

Z A Eo| = Raspbian¢| gt dlH|er A|E e g% 2=7F 485 A

(th B4 FA7 EFRE vl L W 1% 2A
FE5 AMe A% 4YE W A9 ddoR AAE MASn YRE mUHdY
slof gk AubAow wol o]guE FA AA-UENL FAAAL Zigheert ol §H 1

e x2

Ao = 400MHz el RF E41S 7Hto g B4 AAS 7339

o flo ML o

MU A

dastt oled A7 A
2 e MCUZ .
AlA el ATMEGA128 71uko 2 whEoldth ATMEGA128
Y2 128KBS ZA9 4KBS ¥, 4KBS EEPROM, 10-HE A/D AWE 8449 5
AstAqx A 16MHzE 5242 4 Q)

2
)
_0|L
32
BuA-)
-4
Y
)
[-'O
(<
S
s
>,

flo oo,

o

|

e

fm el
o>
=
5
@,
>,
o
=
<
=
!

AL S A

o, 24 AA-YEYE MAC/PHY 7)<

0SS 5 2 2 EdAE AAA FE5S e e AP olEe} FA A
2 EUEF dolEHE VIRt R st 27| AR A~ o] HQdtth oleldk EA) 3
z7] AR A="E g 7 AA-UEYR 77389 A4S AAAE, A48 RF
T, Mula FE ATV 2 5 XA Tl did dE 7l el dlAoelt) 53
THFEE AYGS g eR e A9 vl AAdd digk JFH #E o] ofd H
Ao gk RUE P AAIZE gigo] HasiH, oF fElA = wHe/ A A9Es A
Hal= 4l §HEo] A YE = RF TAl7lse] &80 Fasith olygh o] f= AA, #H,
S8 el AXE F9 A5 A AS o fFAEd Ao dHeolHE F35H
U 747k e] Al x==d CDMA/LTE E¥S AA3le] doly dE5S AYstes S o &



Sa gk e BRES 27 ARE A8 A4, A @6 BEgdsA A
A5)E 7127) A4 vhk CDMA 29& 2X3 e AAE #4571 9% a7t 3
getl sedan, B4 BEe $9s] 9% Aganst s Age FA7 Aok wep
SuAe) e AF P AN MERIE AdPoR ¥ B4 v A4% & A
%4 wES| Ado] Bast

RIS PR

1
[ 2]
(i
=5
AN
N
>
rlo
—d
rx
l
X
Ach
=
ro,
tlo ol
>,
o
=
=0
o>
Z
)
ofx
=y
)

2l) qate] B Aol A
&3te=  ZigBee tAel 9low, IP7es AXUIEZ HEdy] 9E IETFY
6LoWPAN WG, ROLL WG, CORE BoF Sol4 #%+3l7F ©1& Fo|t} 3 HARTSF ISA
+ WirelessHART®} ISA-100.11a 59 %+ #9S vHx12 34 2UHY 2 A 253t

o H&& 93 =8L 7]&ola gt} ISO9 IECE IEC625913 ISO/IECI8000-7 & F4
AA-UESNA #d R274S FAsAY A4 187 18 Folt) olye nEvlEd
gde] He BAAS Z2 Anls BXo] we} 15 14 Aol MaAxa lon, 7
A7F HH o2 shim MUl ~GAS 7Nte g Ao Ve AHS 98 T wEaA xE
Ae]S e vrka glth zelv IEEES02.154 MAC 71<e UEYa Egdge] =7}
el g sks e A dEe] o3k Azte Ae Askel Al ARy, timeliness)S %t
= Al AR Age o FHE UETE F glue At AgS e B3 5% S22
o]F <] T A o oF Al AE FAE Ak T A A BAHeRA Y A Y]
T8 BT F Qo EAEES A #d AFe @Aglel dAE Hola JrhHEH
S, 2010). T3 P2 9] ZigBee S41& AYd= RF 54 289 Ao A% A7 lkm

S 2HEEA AASAY CDMA 7[Rk Aaxrss AdAs|or et A% A

o] =AA F u Fo kAW FEHES fd XA AR Proprietary HEN A 7]&&
o]

=
ol g3t A7t Bk

gk 71%2 IEEES02.154 MAC 7]l AlgatA] Eote= A
FUeF doly dE = A d4 EUEAE S A AA-UEYSS 5ol o] g&H T

1) 259 7482 7<=

T A= BEEAE A Fu g9 Qo dF IS 5 HA, wEEF, LA
Z, 3N T AHEEH dAAG Hube] Ax AEE FA77]-FAMAA T Ao &
71714 &2 HEE AAS) & gukzrl o 2 [SM(Industrial,

Science, Medical) t <o =49 o]zt dialA 37} dl/del A

=2 47
Alejstar ek ol gk ISM W9 & AM&3h= 7<= WiFi, Bluetooth, ZigBee, RFID & -
g7t &3] AF&shE 77719 o] of7]e] xIEh thso 1" R wu T3
F o9 g9 g S AEY Fog 2] FFE Bl Aotk
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BER(Bit Error Rate) =3+ PER(Packet Error Rate)
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By the ground

15m
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el oh[ AT

Building

Tree Builiding

By an obstacle
a9 3-1-5 | ZgdEo] ok tpeksk o A
(http://en.wikipedia.org/wiki/Fresnel_zone)

T4 AAM-UES Fof| o] &%= theFst T4 W] disk 54 2 Hu H21 AgE H
W oS3 2o dubx o g o] ALEE = F A LAN, Bluetooth, ZigBee 59 41 W
Ao fhRE 10m~1kmAE9 £4 WAL Azttt ZigBeeo A$ AEo| wal 1km7bA
of FAAYE AFA W AFE] A= AF 100m F=e FAAZE A3 st}
¥ 3-1-12 | BAIHEE 54

XT3 A Faad 9 AFE&E FTAAE

4 LAN FAE o] & 2AY FAY 2.4GHz, 5GHz 600Mbps 70m

MR =AY
Bluetooth ) E 9] ZL(PAN) 2.4GHz 2.1Mbps 10~100m
ZigB A=, A %]‘ij‘i S?ﬁﬁgz 250kb 10~100
igBee ae] B UEs T " z DS ~100m
=AE T HES 1] 2.4GHz
150kHz, 13.56MHz
13 U}\—]% %—6— ’ y
RFID . ;C?;i B - e | 800MHz~I1GHz, 4 m~%4im
et mEATe A= 2.45GHz
Proprietary Ef EHog 300MHz, 400MHz - 9~ 5km
Network RF §4 =24 o] & T oY
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FHEE ALY A ARAA S s W2 Al AME HAAsta FY
oANA HolHE Fste] Hely &4 9 AEE Aol dh=dl, oly3 A="lE 55t
7] AeiM = Hae/adE AT 5 de B4 ATt AlgEHo ok ok ey iy
o] A&Y B FAl 7|Eo] o]F wEshA] 3kl thek A5 Proprietary Network RF &
el A Skm Ao FA WHES Algsta AAAHom 7 F o] TA Vs AT
ol o] & o] & Af We/ade] FA AM-UEYA F50] 7}%5‘}4 o, dukH el
Proprietary Network RF X3¢ 7§ ZigBee¢} #Zo] IEEE802.154 MAC %F7]+=& A4

N,
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= =
o WA WEH=Z 74, %8 T, IS o8 A TN ' 39
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2 %7 o
8 ZRESS AR FdE ok s ofef =] Sl

5 59 F

B oA E F2 9 Aoxgd AME Axsa vad §e AdS Aol =
ez & B2 F4 FF a7xdET $As] Wid AT FAs AdEe
Proprietary Network RF R @& o] &3ttt oA 714 dA"AH oz 9= 4 9o
5km 741 F4l AYE AFskE “EM Tech”9 “WAM-424XA1” RF &4l 251S delst

Atk WAM-424XA1 RF B4 Z9& 424MHz F35 S Abgdta txE AFSK
25 ALgste] dE Al wolz7F A DPLL 29 S AM&3 tj# ¥ Data Slicer 7153 32
T dd dad 23 Bit o g %J«L HA 7ss WAdstal i, doee Agag
ZE(MCF 4 pole)Atgoz < g AYes 2o F41 =7l -120dBmelA BER©]
0.001%0°]3} a17F%=e] <21 7]%, Bi-phase Mark Encoder/ Decoder”]s< W3t o]
Ao doly mde] 87t glo] UART HlolHE AF AHES 71 o], FAF4ld o
& AEAA el Ae gl AFEAE R AlEld FA(UARD) O tigh 71E7Ads 7HA L s
AREALEAE Al 71 Al d BAVI7IE FASE HABAL F de FHel

rE

o K

(2) A4 AAM-HEYZ 22EF
FA AA-UEYIANAE 283 2vteE A, 28492 29", 2184 de= HEYA

aAE A 9 g g el 5ol @ E =4 Fault-Tolerance, 7} % 9l , &840l
geES XYste @ T2 EE To] £FAH0E XdEn FA AA-UEYA 54

2 dhbAQl Ad-Hoc HIEH A9} A stE =d|, olglst EFHES F3357] 9184 IEEE
802.154 7oA+ T4 AEEFE UE AR AL A7E4, Aiav A9
LR-WPAN(Low Rate-Wireless Persona Area Network)S A7 3ste] 2003
o a9y ZEskst A ske 29 ARl =2(PHY)AlS Y MAC AlFo=, uw
AT NEARA A AfrEA e ES o T
xso=® AR IEEE 802.15.49] EZJE T AFEEEE T
X =l

40, 250 kbps® #Astil CSMA-CA 14 & AH&st

g = o] FHuol 255 7 Hutel A& AAT ¢ o Hu ==Xt F

AARstAT 22y Z2F3F AA ofEFE Al Au|ze dedt fFAT HEYA 7=
(Topology), e++® &iLls, Bk Tol ek ¥ whA Ak wlde] =249l ZigBee
Alliance™ IEEE 802.154 %] ¥ & AAE s 2AHYgoH YEYa Fx2/z4$8/H
ek T& ETdete] ZigBee Stackel F7belth fAlE AAES VWO R AALe] Z R T}
%‘% Adetlar, e v dAeA v Hulol Atolo] Ao 84N S8HdE BA
Al = At
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oA ZigBee Alliances= T3t &8 FobollA E8&E & Arsd Z2ad AHojet 7
vlo] o9H¥S Fa 93, A Fok= Network Architecture, Application Framework,
Security, Gateway 2o 2 A Al&E3sE 1 9t} AT ZigBee A dtueo] whad @
WSNo| A F+2 olyt}. 238 Full Stacke 2 %39 ZigBee7} ©@<slal 7MH & U E
3 ZE2EZS Agste= WSNel Ui Faus Asfje whekx] efvh 1 A= v =9
Crossbow, Dust Networks, Arch Rock®} #& AAM-UEYA AZAIEL T4 AAM-UE
3 FHEFESZ Tiny0OS & At ¥4 RF 52 IEEE 802154 385+ T2 &3S
ZHA] JREske] ARESERAL QUTh L fJel % AR ¥ auv HH S BBlOE sk ZWave 2
& T ZREIZE vxod e @ol AREH I UTh Tﬂ‘/PE‘rJ F-oll= o] WSN
Y A=0] IEEE 802.15.4/ZigBees A et flov HHFAT, ’&?QXP%H AT B iy
Ao A A FA ZREZZ IPVEE iR z‘s}% [P-USN Z2EZ& JFAo=r <
T Ndsks AA otk (AA, 2007).

(7h) 74 AA-UES A MAC %53 7<=
@D ZigBee
ZigBee: A% A& Ewol 2w EA1S ¢5te] ZigBee All1ance°ﬂ/‘1 AEEE 54
KLl

A= 7=, 2 A2 A9 o
EFACT Zpgwta glom AFy FUEYA, UY o 4AY S AT A 8717
AEs, B4, Y dE o)~ g 34 RUHY, 7AF Sl E8HT) ZigBee X

2EFS B AF, vYo dMx AA(MAC) AlE, WENZ AZF, 28la ofEgAolA
Folx ). ZigBeeo =32 AF3 MAC A% IEEE 802.154 #ol g2y

of 9lom 1 o]l TREF ALY ZigBee AFYel A FH o vl IEEE 802.154 %7]
HANA 8-S 868 MHz el A 20kbpsE, "= 915 MHzolA 40kbpsE A U3IA
th. ZigBee MEH A AT Eg X9 w4 725 93 @49E3 o=didE Adstan
o oFgAolH Z2AdZE ZigBee Home Automation Public Profile?} ZigBee
Smart Energy Profileo] 2 o2 AM&HT B, =3 ZigBee A%<l RFACEE 71 €]
AA Aols A EFAY 28 EEEAE T e UEYA ~d"E AHoea =
dl, RFACE= 24GHz®| S35 & AR&dtal AES-128% ©] &3 Heks Ale g

@ Z-Wave
Z-Waver= ZenSys7}F F=o] ® Z-Wave Allianceol AA3 ToEWolH FA HE
Waolw, Z-Wave®] F 52 ¥4 UWEYAANA st o] == Aol FUE A}
ol Al AlFAY Qv FAE AFsE Aotk Z-Waves EE AT, "ol AA2 Al
MAC) AlZ, A% AF, @8 AT, 2y AZgAeld AFo=m 745 o,
900MHz W9 (F9: 869MHz, "=:908MHz)¥ 24GHzH S-S AF&3FH A 9.6kbps, 40kbps,
2]3 200kbpse] %5 AlFst. Z-Wave 7|E2> FA| 1
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@ INSTEON
SmartLabsol 4] 73 INSTEONS 74 7ls& &&ste] =29 29A& ddsts 7<=
24, RF #=9 AC-d9 Fagte] vis] WESN A EEZAE A 22 oA %
1S A&t} INSTEON 712 904 MHz oA 523, 384 kbps ©l o] H
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AE L& Al drh INSTEONS tuto]l 25 dEate] 98, F4x¢ 98, 52 57
Aol AES T G glom, TS Fbel fAEA e tulol AL (ko] FAlLS ATE
T3F E713t S ol 83 HE-F g¢E S AMES bk Al gk
@ WAVENIS
Wavenis 47| WSN &3 M2M §85S AYst7] 98 2-way 74 ZFHEF 7]
%S A &8, Coronis SystemsollA] RUEE 83 A& 3 EEEE’ 2 HS
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©® 6LoWPAN - IPv6 over Low-Power Wireless Personal Area Network

AA HES A TP 7|8 HESA Z2EZS &83% 22 JE3d A|2d (4S8
a7 wEell FAAER dgolet= Qo] AR ot H4ge] Vet 7k TCP/IP 22
EZ 2SS AlA HEYA HEstolr AlA HEAAZL 2 = dS SlskA ol
el g A7 APF A 05.32 6LOWPAN WG] 214 = itk 6LoWPANS L2 layer
o] IEEE 802.154% 7]4to 2 3l AA U EYA Ao IPveE A 9st7] 93 o]#+E v+
T AFer, AdE AL B4 MHlAE dder Fdag Ve EFsE AR st 3
t}. 6LoOWPAN WGolA IP Z2EZ =24 IPv47l old IPv6E A€l o] f TR AN
=27 e% v MHE S AFEQIEUl gHAolA e MHl2E aE et
gtdo] 7}5slal, 4 A% AA(auto configuration)o] 7Fs3st7] W&ot} 6LoWPAN WG
ojdel AHdE Fd UESAY MY VeR 2 FES B I ZigBee 7|2 IEEE
802.15.4¢] PHY/MAC 7]%< H® o7 “ZigBee Alliance”oA] 7B} o1} ZigBee 7|4
2 F7l FF(open standard) ©] oty et ZigBee Alliance”@ 7} 3 #iwjof skajr 7] &ALE
o] 7}sgt Aleko] EAST 6LOWPAN WG ol st XA A4k S A A koA =}
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PHY/MAC AZE #ZFsheh Aoz HEYA AFS AAAHoE FAJEE gdom,
ZigBee Alliance®| 7d-%-°l+ IEEE 802.154 #<o UWEHNA AS7A T3 Z2EF ~
S AFstth. 22y ZigBee W2 B4 A7 100m oW ZE FA Wb o] 2o g
YMUEAA EZZA(FZ)/E7HA] £330 2 4 Things &% ==olA o5& AR
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7] A= A7 7lso] Hastt
ol#g FTAVI= FA vt o) R EFd o] Fold qke] AY, A= S A
AsHA i, ol 2 s AAAQD vlolE Al RS b 5

2 drelAes olHe vYgd ddodes nystel R sy 4o gl aEY
(10mA) &g RF &4l 25l “WAM-424XWS"& o] &3ttt thrt, WAM-424XWS+
ZigBeeo} o] gt$-H® % Falo] Hod TR EF ~dS AFsA] @] widd #zo =
2EEZS Aosta ofd uwet Aol FEjdd, ey AF, 25-d", EAZ #Y Ve
TR F UA=F stk & HolA= WA RF 4 289 A 4 2 A 7lss A
HEa, AAF oz Aogt T4 ZREZ 2HS AWdt =3 34 EE TS 9%

B oAFo A AFE3E RF BAIRELS 10mA ©|3te] A& A 4248MHz F34+5 o] &3}
o Hu Skme AAT BAS AYstE EME S “WAM-424XWS” o|t}h, Fx EaA&
2E WAM-424XWS 2de Aqdda ZA oejgo] A& AEoZ o5 A Ao & o

d HdE 2 EA AYTE b Al
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dolg HEE A £2F9 FA7]7] Multi-Channel 424MHz e 10 A3
Digital AFSK(MSK) W% w2 A&
UART &4l 3V/5V I/F7} 7Fs3sh™ 1200 ~38400bps
TCXO(2% XA A 2~E) AL
HEARE Fo]7] 9%t 25 A on/off ©AF A Y
s R H3E 7]F
T2 R=(HE) @218 LED - 2EA
@ 33V ~ 90V AY FAIEE D <B0mA |, FAIEE ¢ <40mA
3-1-18 | WAM-424XWS e A
i =4 T4 A
AFgA 9 v 3.3~9.0 AFA
TxMode:<50
2u A F
1% mA RxMode: <40
RF Data Rate bps 1200
W& kA AFSK(MSK)
T uh 3 3} ppm 2 TCXO AH&
RF Impedance ohm 50
TALE dBm -125(Typ) AHHE/RA 715 A&
RF &9 dBm 10 A 13dBm(E =F%)
RF F3}5 MHz 219.000~219.225 10-A1d A9 7}=
Ao & MHz <85
olgAld A€ (ACP) dBc >50
. 2" harmonic:57@219.0MHz
Harmonics dBe 50 3" harmonic:59@219.0MHz
Deviation KHz <+25
Parity Bit AF-&71&
Algd F41 ~
19 bps 1,200~ 38,400 3V/5V 24 7bs
(7h) FAR
$A &9 10mW(10dBm)
- Deviation : < £2.5kHz

co1" QY AB(ACP) :
- 22k-32F shEY

>50dBc  @219.0000MHz
- > 950dBc @219.0000MHz

(W) 215
A=/ A 7

. /“}\] 71-1:

- RSSI =9

(&g 2v 7 &29)
: -125dBm(Typ)
=]
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mailto:57@219.0MHz

- RSSI(Received Signal Strength Indicator)= 41719 Al Fao] FAZA =S UENY
M RSSI =¥ ke v 293 o] -55~-130Bm 7R A&l 717A yeld)

2/3d(dBm) | RSSI £3(mV)
-60 1951 9500
-65 1818
-70 1722 o
-75 1608 e
St | T -
-90 1251 e 666
-95 1149 e
-100 1036 = 566
-105 900 =
-110 771 : . . . . . ‘ . &
-115 542 -135 -125 -115 =106 I—_:ﬁ N —85 =75 —65 il
~120 507 ===
-125 402
-130 332

# RSSI 28 g2 25 10709 Az gkeld

# ~101dBu(2uV) -2 1000+ 85(3.5dB )V 7} &

¥ 3-1-7 | RF E&e) 54l Fuhgeh $AdE

- WAM-424XWS REE°] 7H 5¥d 7j5ox gnkAel o A& 3 Bgrise] gle
EERHUE F2057 3~5dB(EE 2 v 7 EHAETE FHE 2EY (10mW)
EANAME FAE FAlo] 7k st

AA dHolHE 4-bit @GR oHE EF&LAEL F JdE dolH 1-bit 7F FIHE
5-bit 7} MFo] "k FAAYE 5-bit = A 7F =w, 5-bit HolE A 1-bit ol
217F #AS 9ol = 100%5 77 7hs ke, 2-bit ol 2l7F A A 9ol = 50%0]d =
T7F 7be ke, 3-bit o) olel7t BAE AFfols Byvh Brbssch

AAY s e FA EEHS =4, A AEE A sk 2 7 die]
ISM Band(424,447 <)ol 8 H 10mW = Algto] glo] £4 ¢S 10mW =
shal, A7 Hmel o Ald HEYEE FA T Wyo] og&Htl. WAM Edlo
A dolEe FAREES o]7] 9élA] Digital Data Slicer 7153 32 £7¢ HelS
A2l e E AEsta BHAS T+ 7% 52 AHEsta, AdF A AExEE =95
71 &M g 2 ZE 10M7.5B(4 Pole)E A&3te] 1% Fao wpE& o

A7t -120dBm 9 Al elelst A9 YRS sa ek

- AFSK WHZE £ HolE(RxD Pin)E £A17|d FM WHEZE 93t Audio
NAFE FEo7 1200Hz(Data Low)¢t 600Hz(Data High)¢] AFel 33
FM W x7} 5o RF & #%o] ®t} FSK g r = AFSK Edlo] A

wol= 54l ot dHolE e dEEC] =t
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1200bps, RxD

-l v 00 s sl il
AFSK 4 21(¥ ) 73 AFSK 441 (% ) 4

19 3-1-8 | AFSK ¥/5x 39

(th &5417] H/W &5
WAM-424XWS &5217]¢] ) AFSK Modem 7]%, 2) As RE=Z3F 7]5,
3) Digital Data Slicer 7]s, 4) Bit o8] #H&= % HA 7]%, 5 Bi-Phase Mark
Encoder/Decoder & W#dsta vk Zeojth. 53] Bi-Phase Mark Encoder/Decoder 7]
= WAsta do] Bit coding(WAI~=H W24 F)olvt Byte Coding ®W2lo] Ha7F glo]
UART?®| dHolHE AH dA4dsto] ARG = Atk dHolH o 4 Al A =3 750
Aol dHE H/W I/F(RIH#H o] ~) flo] UARTS A5 A7} 7Fssttt
do]E o FAIFE FoA Folrtt Q23 327} Data Slicer 3| Zo]th, Uyt oz H)

‘:0 o

N
A

A1

£47F QoA Data Slicer & AF 2159 #A] vlolo] A8} vl 7] E AL&3]A] HolEHE
=85 o WA e ®ol ARgstal vk a3y WAM Ede] 4l7]= DPLL 293 4
sk 71E AG(24V)S AFEE] A 1514 g HIES TtolA 3 ™ HEHEA 2 H o]
A HE9 Fto]l Error A% ¥ HARE o7 o] 1 Digital Data Slicer &2 d|o]E
= Bit old] A& % B F2 Qigo] Hof, o B A s BAN F= Vles A
£33l o8] HE 2L BHARS EFHo] Bi-Phase Mark Encoder & Y3 o] Ho] Ald b
o|f 7} TxD #o = o] Hrh g BA 7|es AMESte HolHe FAl&as w9 F
i, HolH ] E¥o] Ags] FAl Lo BEA F¥o] HE FHS 7FAAL dth

AMTERNA

Mok Gotro SCR/SDEN/SDATA
; B Mok Decadr AP HPF& | TxAudio
= sy ol (FM1) _’ Madi o _| o) LEF
DeLL | DRl ClE THT22
m:g:xm; 2.4V Ref (Transcever)
-y Bipharse Mark R e
I De— _I Pkt Detection and Correct Drgtal
I Deea ‘.4
RLL DRLLCK Sar AF| HPF & RxAudio
& — 3nd LPF
BRG{XE4)

19 3-1-9 | WAM-424XWS 54 285 E5%
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() A4 wlolazAEZ(MCU)%S] A4
WAM-424XWSe] 714 2 A ow Ao HeolS FAsE 140

Al BES Z2OdsE Aol O}HE} <3| Serial Portoll A &€
3 ¥l UARTY SCC(Serial

HoZ RF 54 ZES 53 4 v Aolth &, MCU
Communication Controller)s ¥ o] 5275 AAsto] ALE3 = 4 S-o+ dHeoly T4l
A3 AAvkS A4 A|AFHE

ANTENHA
TxD RxD
) L WAM-424 300
‘U/UAR %D i
MCLWUART RxD & Tl (Transceiver)
- 1

% 3-1-10 | MCU$H &4l 5o A4

1

gL S ANFetr] 93 o R PCo AAS Ea) AFE A
1719] <442 COM port ¢ USB Serial Converter & AF-&3le] AZAs}= 2
o

AHTENNA

RS-232 |
T Drwer/Receiver ) RaD T A4 T4 e
PC (COM Port) Lk AM-474
Rl (MAKI3Z) \rup  (Transceiver)
PC (USB Port) USE <---> Senal
i

a9 3-1-11 | B4 Alds 918 PCe 4l Ese a4 Wi

v}

| ot

(7h) FA BAE <

WAM-424XWS E2417249d& “1/2 Ramda Whip Antenna’E AF&3Ht} o] Qte|vbE Qe
Aol 2o ugo] AAPEH THAo] Ayt AR F4l

g 207t el 10w
Selst. chelute] 54 Amun o g,
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¥ 3-1-19 | A 5218 ¢tev(1/2 Ramda Whip Antenna) A9 2 7] %

Electrical performance Specifications Shape
FrequencyRange 424MHz+20MHz 4
Nominallmpedance 50 ohm
RadiationPattern Omni-Directional

Polarization Vertical
VSWR Less than 1:2.0 \
Gain <2 dBi
Connector SMA-P(+)
AntennalengthAPP. 345 mm
Operating Temperature -30°C ~ +70°C

(2) RF &4l 25 d4 A%
Aurgow PA EA Ad g 2

Overtone Inter-modulation, 34 3}

24 2% Fojth B A4= HA
“1/2 Ramda Whip Antenna”& ©
S

1 O PN
I I W gIs 7gerd 4 9l

o =

F& TE L4R

~

FA1%9, Third

W22 ot U e @ (Fresnel Zone), &4
AR H (WAM-424XWS, 424.8MHz)¥} &< st
g T2 A gk

QAaRE ZydE

a9 3-1-12 | =y dE9

22 & (https://en.wikipedia.org/wiki/Fresnel_zone)

=79 (Fresnel Zone)S Aul7l A&el 742 glo] 2714 AR Tgalr] 93
ol Bolx| ¢k A4 A7) BdE Fihs ot ol B§UY e <

o AALE wet YA, ZAWE Wl Fharst dE AE A
g9 4 gon, 4 A= FEI} 4 3

o ZyuEe A3 go] Tk
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= [T b & 3
SeaTonieX:

Canter for Geographic Analysis

GEOCONTEXT-PROFILER
Create a topographic profile

Google

TiE G0|E ®2073 5 planet §2013 C{07 %] . CNES [ Astriom. CresiSpot image DignaiGicte
Zoom: 14 Counter markers: [B) Status: O

Azimuth: 55" Mouse px: BSpx. 102px
Center point; 37 S35EPBEQREETR2S 5458 4

L

5017 Center point location: &

640 Uphill: 1.2 km [37%) Downhill: 1.4 km [53%] Denivetation: 14T m|[ - ] Help
620 How to make a topographic profile?
;gg 1. Reset
2 Find your area of interest on the map

560 3 Select the cursor min. 2 points (max. 300)
540 4 Ready — site profile will be generated in
520 seconds
500 a Embed the chart on your site
480 b Copy and save the link to the chart

n o = = - = c. Add the route to the map

a9 3-1-13 | Zyds 24 U (http://www.geocontext.org/)

X AF2AL AU FF dEgd duE 2355 A 9447 9 10kmell 53¢
of Axlwo] At AA7F AAH st AolEd el oF 10km 72ldl 1o, sh3
FH = S 7IEe® o 100~500m Eole] dhoew Eefo] glo] A9t AlolEd o
kel ARl FAle] B AEjolth

olE Al A TAVIE AR Xl fAstAL H¥He & e EIEAE A
an Zyzke] SANC AMZE dAE R A4S staak stk o] W SA7e 1A A
Aol #zdelw, RF $4 25 A g4 A Gkm)olel g1 ZdEs gnd
T U TS e Bo] FasH

. 74 AA-HEHZ Z2EZ

Aulzlow N AA-UYEYIS B4 ZREZS [EEE 802154 ¥7FS Wa 1 glomn,
ZigBee Alliance> IEEE 802.15.4 ZFollA delgk MAC/PHY Z2EF $lof ofZeAolA
AMul o] Fed F43 UEYA FX(Topology), #H48 Lugs Ho 59 758 %
§H3k Network 715 @olole] ZREF ~8S ¥ vy e IEEE 802154 %+
2 100m W& T4 Mo Azt wH MEJAE VE sHFo R star 9] wio
EAE 27148 Ao o] &str]elE vt Atk 53] AlA d@F AA ool dotst
I ARG eR 283 F glE FHE ALEr] s HEe FA AA-MEYA =2

2
Bz AAV aqdH
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PDU

Jomn request Repon

Oxfa Oxfa Oxfa Oxfa Oxfa Oxfa Oxfa Oxfa

Oxfa Oxfa Oxfa Oxfa

Report response

Oxfa Oxfa Oxfia Oxfa

Loil S ov14 w02 058 pr——
Eaizbi b o T 0x04 0x00 0400 Dx00 0x00. | univtimestamp
10440 000 0404 01401 | e D400 0x04: (0L = ;

0x0a

Y 3-1-14 | B4 AA-EYT B4 Z2EZ PDU 49

71 PDUT 44}o] E 9] preamble®} 1H}0]E 2] postamble Alolol] 91x]sl™ 3tje} #Ho] =
2 7YY Y= destination address (1 byte), source address (1 byte), length( 1
byte, A #|HZ Aol), type(lbyte, 3HZH E}SY) o] 4ulo]EZ A1 type HlIo|E+ W4
REST Z=2ZEF9] HTTP verbs& wsgkt} #lo]2=+= REST ZZEF9 POST requestet
ol "HE WME "HEZ Y ofol2 o] FojXtt o]« AN TR FAAS 9%
Zloltt. ofel= Zone H= Cell & ®WFA ottt 7|4 HEFFte] Hole a2
olg dQ 7k 9tk

¥ 3-1-20 | B4 Z2EZ PDU Hol2= FAS 93 W& A

WA HEHS M Ay Z o] (Byte) H] 31
0x02 0x00 Gateway ID 1
0x01 Channel

0x02 comm. Timeout 1
0x03 Report interval 2
0x04 unixtime 4

0 : no of mac

1~ 3 : Ist mac

0x05 Routing 7} 4~ 6 : 2nd mac

7~ 9 ! 3rd mac

10~12 : 4th mac
0x10 MAC 3
Ox11 ID 1
0x12 Channel 1
0x13 VCC 2
0x14 Delay 2
0x15 Internal temperature 1
0x16 Type of sensor board 1
0x17 Protocol Version 1
0x18 LQI 1
0x19 RSSI 1
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A ZREEZS T EAe UE MRS S5S7] fgte] TCP9 Three-Way
Handshake WAYEE =43AcH F4 E41S request, response, ack?] 3ehA = F =
t} o] = 3t} 9] transactiono. ® Et}l 2y TCPY 23 g 39l transactionS th
& transactionz} ¥ FA7E gtk AA HEH TS AH = transaction 7o = HolH
o OS] A AAREE A dde] FaEHA &3 viEE R FEEER Alo]E ]
2RE A A F7]o whE} Sleep REoA Zlojy AEIE 2 X ESI Ao EY o] 7}
A4 F7] 5 ThA] Sleep REZ HEE T

PDU &l RTC(Real-time Clock) @e] £38 A& velele] g4 A4S u
71 fgolth RTCE ANt AclEdlo] ko) A7kg E715kse] B&F7lsk 4u e
A%e] QA= AT G, Balel Pz AR dolEsl v A AN6 AAE

SD #Eg7t=oA dlolHE &7]8tst7] $1& ol

(2) Join/Report Alo]&

AM === Abxdol] Alo]Egolo] FFEojof ghrh. AAw=o] Hddo] QA7FEH F7]%4 o
2 AHAR=A 7l join requestE FESTE (4719 join request PDU Zx). Alx
E2HH join requestd] HE| Al]EgolE FEEO e AAML=ERIAE Al F
o] A 2 AA 9 A9 PDUE FAIgHE AlolE
PacketE FAlstd A= =,

t}. Join responseE TAIS A== S5H AEHZE Holdtal join ackE FE3tE oY
sl 3w+Al 9] HandshakingS A XAl ™ AA ==7}

AA ] Join Requesto]l Alo]Ego]7} ResponseE 84 @kom A== 10% o] t}
Al & ¥ Join RequestE FAlgttt. + WA Requesto]l = Response’} §12W 30~60% A}

olo] W= AAS | AIZIWHE Delay Al7FS 7FA Fo thA] Joing Al =3k} o] g

1k

(o

A r==2o] A4A2 Join Requestol o&] tfE AlA el H4lo] Higf
Alst7] 915kl vt

Aol EQN o] 7} #e]dt= zone/celldll &F¥ o] Fol= Alo]Eglol7} A g Hjdd A
AlZbol whel F A d R =0 WET 7)oy report requestE 4% 3}9] report transaction<
33}l olgl = join/report cycleS A gl
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Gateway Sensor Node

Join Request
el 12 Dol O D10 D0 Dheld D01 Ol O Ol ool Ch D7 Cheid2

Gateway |D: 0:x00
My 1D: 0x11
— Delay: 80 (18)

=\

Join Reguest ot
Goed] 1T Oocl Do et oD Coelell Coe01 Oholel Do) ChoDD Qo] O3 Obe17 Oll2
_m;.tl_ﬁ‘.gspnnm s miit e e it s cagen s g
[ %17 D00 D10 002 001 0w0) D11 D22 Qel4 002 OB ool O T (e O Ol e D00
Join Ack
Gl (22 ()3
Gateway |D: Ox01
My D Om22
Delay: 600 (108)
2 Report
(el 022 012 (el O Ol D00 D23 OO0 D00 Do O Qo0 (e OoD Ol e Oth
rt Responge
22 e Onlc G Ol Chol eS8 Dol 000 Dol 000 (e
Report Ack
Gell] 022 (hid3

a9 3-1-15 | 4 EA1S 913 Join Request/Response AFo]&

@) FA7IE T 298 ZEESE
o Z J

FA7] ==% dukAel Join/Response T EAAE IR AFESITE thuk Alo] E ¢ o]
A9l Join Response #{Zlel a3 FA7] 39 A== MAC T4 BEEE 2F30]
Adgtomx FA 7] A "’\15-—‘:4 Il A S 44T & JdEF k= Ayt
th2t} olej g WY Alo]Ef ol FA7] =& Atolo A= HolE =gl g’ WS
o] g3 HhH *ﬂ/\ == }*Joﬂ/‘it AolESeolE THOR g Tk Star WA EE
2 TAHES st o 74 T4l AR #AGKkmE st Aket

=

A Gol A el Sal A=A S
a9 3-1-162 $A7E &

£ EW o9y ZREI WYS Aydth wef BA AA-E
Azt Aoleslel, FA7] 20, AA 2] ol olr Fe T L FA EZRAsE

AAA At

- I A7F A1 A 25 AR star, GUINA 5 =3k

<A1 A 2= AYo] 217tE A (Power-On) Ale]Ed olol] Joing Al=3ch ) AlA
13 A 2004 = A7 B AllES o 7tA] FAle] AFEA Kl 4
E Ao = BE f7lo] Broadcasting P2 FA7]_20] FAE T}

s SAZI20 M= TEE AATE ol B E F4%E #FlS Drop gt

r_l-/
ri‘
o
=
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- BEAT FAV AT FAY 28 AAsn Azsde E
FA7 28 AA FA7_1d dgEn 4EHow 4
248 FA@,

- FA7I_1o] Ale]ESNolell Join 8F S Frh AClEdole A
Al
%_
g

7114 stflel AlA _13}
A _27F 9455 Join Response Packet ¢tell Entry ListE %3] 43t}
A7 27F AlelELoldl Join 83& A =i, 919 FLs WHoR 59 AAx==

- Al AlA _1e] Alo]Edelel Join RequestE: RWth FA17] 2= &9 Ax==dS &
Q18}3l o] & Forwarding S+t

- FAI_ 1S FA7 225 FA3 PacketS EAE &9 AAw==9dS FQlslar thA
Forwarding 3%Ft}.

- AlolEgol= AA_19 Join Requestoll <3 Join ResponseE 4413k},

- Aol Eg o] 7} 5418 Packet FA7]_13 TAI7] 25 AH AA_1o ddr],

- Al _27F AlelE g olel Join Request® H.WIth FA7] 2% 319 A==
o] = Forwarding 3Ft}.

AV 1L TA7 225 4% PacketS #AE &9 AAM=ZdS Q5oL thA
Forwarding 3t}

- AlolEdlol = AlA_29 Join Requeste] W3- Join ResponseE 4 4l3%kc},

- Aol Eg o] 7} F418F Packet> FA7I_13 TAI7] 28 AX AlA_20 HEdr.

Ho|Ego| =7 7| 1 (00:04:01) E47]_2 (00:04:02) AlA_1 (00:04:10) MA_2 (00:04:11)
J_ e Join Reguest
. L
Il Join Request I_
Join Response Packet Drop
(Child - 00:04:10, 00:04:11
u Join ACK
i Join Request
Join Response
(Child : 00:04:10, 00:04:11)
Il Join ACK
2 -
_ Forward(Join Request)] |  Forward(Join Request) Join Request
Join Response Forward(Join Response] | 3 |Forward(Join Response) 4
Forward(Join ACK) . Forward(Join ACK) Join ACK
Forward{Join Request)] |  Forward(Join Request) Join Request [
Join Response Forward{Join Response] Forward(Join Response) 5
I Forward(Join ACK) L Forward(Join ACK) Join ACK
T T T
- > — =
a9 3-1-16 | TA7ZIE ol &3 #5" T2EE o8 WY
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o 24 AA-YEYI EZ2ZX FA

w2z WEB dollA AME s58a MEYT EERZAE 74T 5 Aok AAM7E 5
N, SAZI7F 370 HEHAE Holal vt AA 27h= FA7]I 10 dZ2 5] U FA7]

N

20l AN 1N, FAV 3ol WA 207k Ao} Uk olel @ AAsk FA7] 2k

E9a EERAE 080 2 e F4Y 5 A

CAAG WA FAVIE WEB Azdel 453 Ha A FA/E Nesoen

a9 3-1-17 | MEY A EEZA] F4& fs oA
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Create a sensor node
=

Rl

00l 04l 1al

L8

L9
parent . 4
pe  [2edN v
latitude  |37.552827%
longitude _11&._4-??»_5_9?

|-update || delete |

a8 3-1-18 | VEYa EZEX W

o,
oty
)
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A% 59 AN A
A X
A

7h 223 9 A

B o Afo e 229 AS AAME “MB7389 HRXL-MaxSonar®-WRMT (MaxBotix Inc.
AFS2 5m, 10m, 20m 54§ AA7F AFE)"E AEsdrt o] A= Imm FEE<}
rol= A Ve AA WAs low, b WX/ MrAR A A 8
T Ae HAEE 7les ATt =g 29mAY] AdEoR 8d F ol AdE AAx
= Jte] 7k stk MaxSonar-WR A9 8 7]5S A¥HEH th53 2

el 1 mm

21 7]4: % 6.66Hz reading rate

HES &% vA 7|5

AT S 42kHz =539 AA

- A7l el A 22 (Analog Voltage, Serial, Pulse Width)oll 4] dlo]lg 2]&
< ARAAF dl=Fo] gle. 30cmE T 7HbE EAE 30cmE A S

- Ho A A2 5000mm ~ 20,000mm

- A 2.7-55V

- AHE: 29mA

A% -40°C to +65°C
- A%, F5, mol=d g AAzE 2w BA
- 211 ¥ 0] = tolerance$} clutter rejectS 93+ Hllo] ZE g
- WF=HkR 2] 4= P67, Chemical Resistant F-Option (%41<)
e We ) b 2 e A5E dE
cwreR b 2 BAVE A 84 gerd, $HoR dgor 4 BEAS ©A
93 5o 9 24 Sl M AR
- Aal gk W Y
Values Are Nominal
C->ie B >| A | 1.72"dia. | 43.8 mm dia.
D | + [B] 200 50.7 mm
‘ c| o058 14.4 mm N
,,i:j | ‘ D[ 037" 7.9 mm }—‘— N |
Pin2 { E 0.23" 5.8 mm Outside —
G ‘ A [F[ ot 254 MM | pama L
- G | 3/4"-14 National Pipe Thread Straight
H | 1.032" dia. | 26.2 mm dia. / l
v | 1.37" 34.8 mm
- Weight, 1.76 oz., 50 grams
ii”}'f
[l >
Range Zero |
0.0 mm Target

a9 3-1-19 | 2&39 A4 (MB7389 HRXL-MaxSonar®-WRMT)
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2 9% vey

o 2e3 59 AZ] ¥4
2ot 59 ASTE A BFE B9, 200 AA, 2 A BAE
o= AW FAdE FARE MCUS T#a PCB, WEHaS ¥3am, 283 449
Ne 9% Zegl PR Ho) glvk

424MHz 1/2 Ramda

/ Whip Antenna

3W Solar Panel

Multi-Channel
AFSK RF ) —-
Modem 3W Solar Panel
: Main Controller
Solar Power '/
Li-lon Battery
Charger
External DC \SD Memory
Charging Jack 1l (8GB Class4)
—_— POWER
DC 3.75V Switch
9000mAH
Li-ion Battery External
Temperature & Ultrasonic
Humidity Sensor
Terminal

Sensor

a9 3-1-20 | 259 9 AS7] A A=
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/g% FAZ W9
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<l PCB
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A

It} SD W2y 7=
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=2 T 3

=N
=

H
AR 7 AFE 1 A W] 9l RTC(Realtime Clock) 7}
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=
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=
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a9 3-1-24 | S

i)
1
oft
N
2,

£ 3-1-21 | e sjde] A 29

PCB size @ 138%160%1.5 mm
Monolithic : 10.93%156 mm
Efficiency : 16%
Voltage : 55V
Current : 540mA
Power : 3W
Connector : 2.0mm JST
Type : 156 Two line
PCB Material : all Glass fiber
PCB requirements : positive
Quality requirements :
flatness less than 0.lmm
clean, does not allow to have the scratch
take off paint the phenomenon, such as a hole does not allow to
have the deviation
Note : tolerance Positive and negative 0.lmm
Name : PET laminated (138+160)
Arrangement : 1*11(series)NO spacing posted artical black

W wE e el ol iAol AbgdE MCU % AlM 9] F2hd ke DC 33VEA
e R sk W a8S ghekste] wiE P Mk DC 37V E A 4.2V) AA ST
e = 2E ol wEHE ARSI 2lF ol WE= vd A7]e YA =g viE
ZlETh o] of 3u) a1, wiEE @do] glolA wiH e o] =05 wol 2dE
b AREE g glew, JlEE, |, £ T %

&t 22k AXelnz &4 HEkAl A
ICR18650 D1(3.75V,3000mAh, 4/3FAAte]=) 37)

k.
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% 3-1-25 | =91 A

N
A

7)e] mol2

=
=

o A

—_
fite)

A

&l

b e w A&

oL
[}

PAW B/dlo] el dAZ 1A

M5

L 7] ol

B

Bl

r
b

R

+

B

B

=0

]

AL 30cm Z3AYE
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a9 3-1-27 | 2E

9. 253 4 A3V =2 74

253 79 A5 A= ATmelre] AVR Z2 A4 ATMEGAL2R 7|vto g ghEo]
t}. ATMEGA128S 8-H|EAVR vlolaz HAEZe2 128KBe Z#A19 4KBe) @, 4KB
°] EEPROM, 10-HIE A/D 7AH¥E 844 < HAsAL Hd 16MHz=z 422 5+ )
=3

xZzaye] sjeke AVR C 7|4 AVR StudioE AFE-3}4 71&6@540}‘:} ]LQ] T

£ 4] sequential processing loop¥} state machines %£3}o] T+ ]
oj¢] A7]= °F 40KB A X:=olt}.
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Three Axis for Measuring Tilt
.
IAZ + A2
_Av
JAZ 2 A2
JAS+ AT

Az

p = arctan

¢ = arctan

6 = arctan

29 3-1-39 | Agizhel A

ol gate] WA AN WelH Fes WHow =

[e] [e)
e =
2o 3t 7rek3t A4 Sudo-Program)S thS-3 o)

valx = analogRead(xaxis); // read the value from the sensor
valy = analogRead(yaxis); // read the value from the sensor
valz = analogRead(zaxis); // read the value from the sensor

int pfx = valx;
int pfy = valy;
int pfz = valz,

// autoZeroCalibration(pfx,pfy,pfz);
int fx = (pfx - g0x);
int fy = (pfy - g0y);
int fz = (pfz - g0z);

float ax = fx*(3.3/(1024.0+0.800));
float ay = fy*(3.3/(1024.0+0.800));
float az = fz*(3.3/(1024.0+0.800));

// Compute rho,phi, theta
x = atan(ax/sqrt((pow(ay,2)+pow(az,2)))*(360/(2%3.141592));
y = atan(ay/sqrt((pow(ax,2)+pow(az,2)))*(360/(2+3.141592));
z = atan(sqrt((pow(ay,2)+pow(ax,2))/az)*(360/(2+3.141592));
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T, FE 0% A 45 09 Fge s

Z-Axis

2% 3-1-40 | 71&7] AA 9

ADXL335 F 9o 8 7|es AyrEd vy gk
- 3—axis sensing

- Small, low-profile package

4 mm x 4 mm x 145 mm LFCSP

- Low power — 350 pA (typical)

- Single-supply operation

18V to 36V

- 10,000 g shock survival

- Excellent temperature stability

- BW adjustment with a single capacitor per axis
- RoHS/WEEE lead-free compliant
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gaEglon, ZFFAd dFoze Wt gl dd FoA dEhtE deart da
o) e

1 sl
A2 5y AAGS ATl 1Y 831(00, 06, 12, 18UTC : 36AI%F <=, 03, 09, 15, 18UTC
2o 349 WRAR B3 /HE olgstel 47e] A

3AIZE o =) Fat, Ao K 7}7)
BEA-o= ¢35l AR 93t gl FAdrrde] AExgsE 594 Age gdd
25 2Z2H7F AFEa dHoly A& WMOolA AAS GRIB2 32 o & A|&di 9o
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U™ B AE= 1000hPacl Al S0hPazbA] o] S elA & 7719 M4E Alg et

¥ 323 T¢H dEAR
ul<l g 1015_v070_erlo_pres_h${HHH}.${ANLTIM }.gb2
A 602(-5 A )x781(*F5) Lambert-conformal projection
e EAE 121834 ESE 15kmE 7H4 / GEE 0 32257°NRE 15km7H2
of S A 7k h000~h0367+A] 1A13k7+E o =
13] A&
_Q ]i h000~h0367F#] 3770 (00, 06, 12, 18UTC)
DM

(2) 9™ JEAE
e K I & Sl A= A gdw B Bl F 787 W A,
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o =
o] Fo ATHE AW/ ELHY] Wy HEL

¥ 324 99w guAw
g 1015_v070_erlo_unis_h${HHH}.${ANLTIM }.gbh2
PR 602(%FA)x781(F%) Lambert-conformal projection
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=3

3-2-5 | &

AW/ EFH el FAE Wy (78F)

Sec. | Item Name Time Domain Abbrev

1 201 Net Down Surface SW Flux 1A 2k o 3k U™ NDNSW
A=
A=

| mewmems e P o
1 235 Total Downward Sfc. SW Flux 1A 23 o gk GdH TDSWS
2 201 Net Downward Sfc. LW Flux 1A 7k o 3k GdH NDNLW
2 205 Outgoing LW Flux(TOA) 1A ZHH o 3k a2hs) OULWT
2 207 Downward LW RAD Flux (Surface) 1A 7E3g 9t 3k A DLWS
4 201 Large-scale Precipitation 1A T2 3k g™ NCPCP
4 202 Large-scale Snow 1A 2 gk TdH SNOL
4 203 Large-scale Precipitation Rate 1A ZH ot 3k o™ LSPRATE
4 204 Large—scale Snowfall Rate 1A 798 3 3k waH LSSRATE
3 25 | Boundary Layer Depth after B. LAYER | 1A 7r<s=7k3k o HPBLA
3 202 Heat Flux from Sfc. to Deep Soil 1 1A 793+ 3k el HFSOIL
3 208 | Lowest Layer Bulk Richardson No. RIB | 1A%+ 3k p_le(\;eérj 1= LLRIB
3 209 U-Component of wind 1A k=3 5k g UGRD
3 210 V-Component of wind 1A k=3 3k A VGRD
3 217 Sfc. Heat Flux 1A 23 5 gk aihs] HFSFC
3 | 219 X-comp. Sfc. & BL Wind Stress 147 3 e—lezgn;ﬂl% XBLWS
3 | 220 Y-comp. Sfe. & BL Wind Stress 14 2h53 3 3 e—le‘(’;nfﬂl% YBLWS
3 234 Latent Heat NET Flux 1A 2 ot %k A LHTFL
3 236 Temperature 1A =35k g™ TMP
3 236 minimum Temperature 1217 H A 3k aihs] TMIN
3 236 Maximum Temperature 1A & 3 3k et TMAX
3 237 Specific Humidity 1A 7<= 33k a2hs] SPFH
3 241 | Total Surf Moisture Flux per time step | 1AZFF2 3k o TOMFS
3 245 Relative Humidity 1A =35k o™ RH
3 247 Visibility 1A ZF 33k e VIS
3 248 Fog Fraction 1A =35k o™ FOGFR
3 250 Dewpoint Temperature 1A 7<= 33k aihs] DPT
3 253 Prob. of Visibility less than 5km 1A13 =33k Gd A PVIS5
3 254 TL of 1.5m 1A T3k a2hs] 15TL
3 255 QT of 1.5m 1A 23k T 15QL
3 281 visibility at 1.5m(incl precip) 1A =35k g™ VISIP
3 290 Surface Sensible Heat Flux on Tiles 1A =23k 9 tiles SHFLT
3 304 | Turbulent mixing height after B. Layer | 1A]7F=%F3k o™ HTBM
3 306 Stratocum. over Stable BL Indicator 1A =23k GdH SCST
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Ttem Name Time Abbrev
3 308 Decoupled SC. not over CU. Indicator 1A 7<= 33k DSCNC
3 309 Decoupled SC. over CU. Indicator 1A 2= 7 5k DSCOC
3 314 Surface Net Radiation on Tiles 1A Zr =23k NETTL
3 316 Surface Temp. on Tiles 1A Z¥= 33k STOT
3 319 Canopy Height on PFTS 1A k= gk HCNP
3 321 Canopy Water ON Tiles 1A k=3 3k WCNP
3 328 1.5m Temperature over Tiles 1A =35k T15T
3 329 1.5m Specific Humidity over Tiles 1A 7<= 33k SH15
3 360 Height of Decoupled Layer Base 1A 2= 7 5k HDLB
3 462 Stomatal Conductance on PFTS IR RAS e £ s STCP
3 463 Maximum Wind Speed 1A & ) 3; MAXGUST
3 476 Combined Boundary Layer Type 1A k=3 gk CBLT
8 201 Land Snow Melt Amount 1A 24 gk SNOM
8 223 Soil Moisture Content in a Layer 1A =35k SMCL
8 225 | Soil Temperature(Validation to deprecate)| 1A]3+<=3Fak TSOIL
8 234 Surface Runoff rate 1A 2= 3k ROFR
8 235 Sub-Surface Runoff Rate 1A Zr =23k SROFR
9 202 Very Low Cloud Cover 1A <=3 3k VLCDC
9 203 Low Cloud Cover 1A b=k 3k LCDC
9 204 Medium Cloud Cover 1A Tk 73k MCDC
9 205 High Cloud Cover 1A =35k HCDC
9 210 Cloud Base for >25 Octa KFT 1A =23k CB25
9 212 Cloud Base for >4.5 Octa KFT 1A 23k CB45
9 216 Total Cloud Amount-Random Overlap 1A 7= 35k TCAR
9 217 Total Cloud Amount-Max/Rdm Overlp | 1A]7F<=3F5k TCAM
9 218 Cloud Fraction below 1000FT ASL 1A =23k CFBI10
9 219 Low Cloud base(FT ASL) 1A Tk 73k LCB
9 221 Wet Bulb Freezing Level Height 1A =35k WBFLH
9 223 Total Cloud Top Height (KFT) 1A 7<= 35k TCTH
15 | 245 50m-Wind U-component 1A A5k 50MU
15 | 245 50m-Wind V-component 1A 7HE o 3k 50MV
15 246 50m-Wind U-component 1A & 23k 50MU
15 | 246 50m-Wind V-component 1A 7 o gk 50MV
16 | 222 Pressure Reduced to MSL 1A Tk 73k PRMSL
0 23 Snow Amount over Land AFT TSTP | 1A7H74 3k SNOAL
0 24 Surface Temperature 1A 7<= 33k TMP
0 25 Planetary Boundary Layer Height 1A 2= 7 5k HPBL
0 26 Surface Roughness 1A 7= 35k SFCR
0 30 Land COVER 1A =33k LAND
0 31 Fraction of Sea Ice 1A 7= 73k FRICE
0 33 Orography 1A 7<= 33k DIST
0 409 Surface Pressure 1A T 73k PRES
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a) 2015/06/12 18:00 & A b) 2015/06/12 18:00 71& 12A1%F

c) 2015/06/12 18:00 7]+ 24A1%F % d) 2015/06/12 1800 7]+ 36417+ +

% 3-2-3 | Al LDAPS A& 9] o
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oA A8 A8 A FEAAEE 1
A FHES AT FTEHET (2008)”
Vulnerability Index)E 71%s8kal 6782 25 474 %#HM
= 8 A frfol Hgasih wEad S (201002 A
S A B F s A, A A, A g AEA adl
A3 (FDI: Flood Damage Index)& Al¢kste] = 22978 Alwte] A+ Fve 9194
S v uERdeh 934 5 (201002 P-S-R (Pressure-State-Response) T-AA AR A+E

(EFVI: Excess Flood
AAet A AE

A B7F AFES MEsta o5 33 F59845 (FRE Flood Risk Index)E A A 8}
Xi;'f 78 499 93455 B4830H, S48t & (2013)2 A9 Hdwb3 <l
9 FEE gt £ e F598A5 (FRE Flood Risk Index)e] AFGH RS A A]
gtal o5 HEd el A&t AAAMAIATE HAFAP AT HluE T 2
A& S AESIY. €55 50201492 & FAFE MdEs A&kl AHALE] dinl
S 183 5984 7A 4 (FDRRE: Flood Disaster Risk Reduction Index)E 7|%3}aL
oS e Aol A&sAdtt
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() @ dAs A7

2 AFoME AAFH AG (2003)0] s AtE I o]FFE & (2006)°] <& o] &4
Badol A% 44 PFDO] AW E9ien, ARARES Bl dAdrEe] S §
B Ay FohaAg SRR AFATE F At dode BAdS dehis 49
Asre AFAFE Felstdon, AFugTelel ohd AwFy FAA Fraa Aok
£2 el A543 Agee woh @249 A4 AL vpEan )% Ao
@ahaA AT (29 3-2-6)

[ zaguEAS AES 93 BTG BE
i 2 i
TIICIY HEXE A2 A7
NEXE 22 (P-S-RAA) 2 MH
NEXEO| EX3}

TAQURTS AY O 128
a9 3-2-6 | F5Ag9dAF g A

HA A PFDE I, Jsi7sd, Holsd 37 84z FEIEY g AS 24
2-D3 o] A3, +59 AF-2LA2ES Fx9Y3tste PFDE 4HA s, 4 PFD+=
7 A E AFHE TGl s dS o] gl A (I NE=0), AT
Aol T7F HAE JteAol gl A (I 7teA=0), AFHEHTGe] S5l s
S8 HAANMEES 533 e 45 (Woje8=0) + styete xgHTA 1 299
T AA T flvta dustdh AHd AdeE a9 3-2-79F 2ol 8/ aFo R AR
stota, 7 aFE A g wrEks A A A

[FPO’ Fross > FDEF] (2-1)

Fpy = [ole1 + By + By + - +a'F.]
Fross = [ole1 + o Fy + o Fy + - +a<F‘]
Fopr = [alFl + By g by + - +0‘kﬂg]

AN o, ap, o= AT TES AT, F, F, B 2 AR 4ot
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5-day Antecedent rainfall, RF5 (mm)
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ol 7]$ BSAlAbe] o3 BwE s wo
(1) A=A (PSF)
7h dgxA 9 A5 FE

AE BAD dEk el A AH g (PSF)= 5 F9HAE 1710 ki, sH3
At PSF#01 A4

[e=]
e 72 kmo® 19 3-2-203 o] He AfYowr SFEF
3

il

ol
PSF#03 A3 747 sd ) mivbgo] zejzhar 9lo] S84 Al W szt -8 =m, &
FEAL ARG} VEFALEE vR R 7} Ao Fo9uF, st AH, A BAE 7Y
YA 58 =& 599 =9 Al ZHtime of concentration, Tc)2 744 AF9S
doz 28 F2< Kirpich 28 &&3to] Ao, PSF#05 A1 -9 EEA|7F
11.86 hr= AR = ATt CNgk2 2H7he] Ex|o] &3 Eof tiste] ¢ty EYgurE= AYdE
% st9=% 7 (antecedent moisture condition, AMC)S & 3le] &8 o, AFolA 3l
2 Aas =3 e wHe] Frrskel wet CNgtel S7kste Ao = yeyt 7| 3xss
aE 7gHEa, A FeAss AT Agxne] A-aSAsE 8o 549
TS f% dEAEE FEEAH

a9 3-2-20 | YA £ N
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Al

F 3-2-30 | AlgAT AA

T a4 &
() dd= " dsbd Ay 16-2 A A
(3H7) = "L disd Ay 17161 A L
A HE R PSF#01 PSF#02 PSF#03 PSF#04 PSF#05
A= 128°29'34" | 128°29'39" | 128°29'00 | 128°28'00" | 128°27'43"
A= 37°34'49 37°34'30" | 37°33'10" | 37°32'30" | 37°32'19”
A 54| FE A af) 0.70 2.56 9.47 16.01 17.10
3k A (m) 958 1,576 4,464 6,600 7,215
st 54
3t 7 AL 0.20 0.20 0.10 0.08 0.07
r C AMC-1 32.63 33.57 31.73 31.91 34.70
ol
- N | AMC-1I 53.55 54.62 52.53 52.74 55.85
Tl 54 g
A AMC-1II 72.62 73.46 71.79 71.96 74.42
3 LA 2k (hr) 1.70 2.49 7.20 1091 11.86
78BS A5 H AT
R -~
(KMA) o ¢ (100) 27 1971/07 2015/07
A H i N A4 g fewe
TEFUSL Hoga Al xal Ab & E
(MOLIT) (10024150) s 1982/07 2015/07

H

29 3-2-21 | AEA T 71 EFA
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a) PSF#01 A 71ak b) PSF401 a5 whak

e) PSF#03 A 5whak f) PSF#03 3} 571ak

@) PSF#04 AFaber h) PSF#04 &5 3k

a9 3-2-22 | AAT A A
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& 3-2-31 | AEA T Ad7)zbd AAZGSF (HE dE5L)
a7]

A7 10yr 20yr 30yr S0yr 100yr 200yr
0.0 0.00 0.00 0.00 0.00 0.00 0.00
05 0.47 0.55 0.59 0.65 0.72 0.80
1.0 1.34 1.56 1.69 1.84 2.06 2.27
15 2.10 2.44 2.64 2.88 3.23 3.56
2.0 2.75 3.20 3.46 3.78 4.23 4.67
2.5 3.23 3.76 4.07 4.44 497 5.49
3.0 3.46 4.04 4.37 4.77 5.33 5.89
35 3.90 454 491 5.36 6.00 6.62
4.0 4.27 498 5.38 5.88 6.57 7.26
4.5 458 5.34 5.77 6.31 7.05 7.79
5.0 457 5.33 5.77 6.30 7.04 777
55 454 5.29 5.72 6.25 6.99 7.71
6.0 494 5.76 6.23 6.80 7.61 8.40
6.5 5.34 6.22 6.73 7.35 8.22 9.08
7.0 5.73 6.68 7.23 7.89 8.82 9.75
75 5.63 6.57 7.10 7.75 8.67 9.57
8.0 5.96 6.94 751 8.20 9.17 10.13
85 6.71 7.83 8.46 9.24 10.33 11.41
9.0 7.52 8.76 9.47 10.34 11.57 12.77
95 8.36 9.75 10.54 11.51 12.87 14.21
10.0 9.59 11.17 12.08 13.19 14.75 16.29
105 10.44 12.17 13.16 14.37 16.07 17.74
11.0 11.21 13.07 14.14 15.44 17.26 19.06
115 12.02 14.01 15.15 16.54 18.49 20.42
12.0 12.84 14.97 16.19 17.68 19.77 21.83
12.5 15.79 18.41 19.90 21.74 24.30 26.84
13.0 15.64 18.24 19.72 21.53 24.08 26.59
135 15.44 17.99 19.46 21.25 23.76 26.24
14.0 15.17 17.68 19.11 20.87 23.34 25.78
145 15.06 17.55 18.98 20.73 23.18 25.60
15.0 15.30 17.83 19.28 21.06 23.55 26.00
155 14.37 16.74 18.11 19.77 22.11 24.42
16.0 13.34 15.55 16.81 18.36 20.53 22.67
16.5 12.21 14.24 15.39 16.81 18.80 20.76
17.0 10.33 12.04 13.02 14.22 15.90 17.56
175 8.52 9.93 10.74 11.72 13.11 14.48
18.0 7.85 9.15 9.89 10.80 12.08 13.34
185 7.12 8.30 8.98 9.81 10.97 12.11
19.0 6.35 7.40 8.00 8.74 9.77 10.79
195 4.78 5.57 6.02 6.58 7.35 8.12
20.0 3.85 4.49 4.85 5.30 5.93 6.54
20.5 3.51 4.09 4.42 4.83 5.40 5.96
21.0 3.14 3.67 3.96 4.33 4.84 5.35
215 2.76 3.22 3.48 3.80 4.25 4.69
22.0 2.35 2.74 2.97 3.24 3.62 4.00
22.5 1.92 2.24 2.43 2.65 2.96 3.27
23.0 1.47 1.72 1.86 2.03 2.27 2.51
235 1.00 1.17 1.26 1.38 1.54 1.70
24.0 0.51 0.59 0.64 0.70 0.78 0.86
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109 ®IEe] PSF#01 A 5-E PSF#05 AA7HA] AFEFEFS 40 m'/s, 146 m'/s, 41.3 m’
/s, B87 m'/s, 643 m/sZ AFHAY. TR H A
AAE Qe AYETFEF] 50%s FAH, 10%S AE THr7|Foz HAHsgon,
PSF#01 A HS AFEF% 4 m/s9 50 %2 2 m/sS FIE FH7FE 70 %2 2.8 m'/sS
AR LEyEoR A4 PSFHS AHL AFEFH 644 m/s9 50 %9 70 %% 322 m'/s
9} 450 m'/sE 22 TR, AR Ay U|FoZ AASTt

=
LN
=
= ’

F3-2-32 | AP AT AR-/ AR T TR R AR 2HUE

. PSF#01 PSF#02 PSF#03 PSF#04 PSF#05
o FOH | AR | FYR | AR | FYR | FH | FoH | AHE | FYHR | BRE
10yr 2.0 2.8 7.3 10.2 20.7 28.9 29.3 41.1 32.2 45.0
20yr 2.5 3.5 9.1 127 26.1 36.6 37.2 52.1 40.4 56.6
30yr 2.8 3.9 10.1 14.2 29.3 41.1 41.8 58.5 45.2 63.3
50yr 3.1 4.4 11.4 16.0 33.3 46.6 475 66.5 51.1 71.6
100yr 3.6 5.1 13.2 185 38.9 544 55.6 71.8 59.6 83.4
200yr 41 5.8 15.0 21.0 44.5 62.3 63.6 89.1 67.9 95.1
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Discharge (mé/sec)

Discharge (mé/sec)

PSF#01 3 PSF#02

1 R 0
4 a
i
= 25
1 @
& =
il N 10yr g 2
8
- |7 20yr =
i | . 15
" 30yr
k) ———-50yr 10
| 100yr
c
1 \ — 200yr
L)
H 10 20 30 492 50 60 H ag 50 60
Time (hr) Time {hr)

a) PSF#01 b) PSF#02

= PSF#03 149 PSF#04
— 120
G
7 3
=
4 E 100
@
1 5
10yr = 80
4 8
***** o0 | 3
A &0
""""" 30yr
1 ———-50yr 49
4 100yr
b, 20
4 LAY — 20097
[}
o 10 20 30 40 50 80 o 40 50 80
Time (hr) Time {hr)

c) PSF#03 d) PSF#04

160 PSF#05
140
g
2 10
E
= 100
z 10yr
a8 ] B
60 30yr
S
a5
100y
U ——200yr
i}
0 50 &0

Time (hr)

e) PSF#05

a9 3-2-23 | AAT ARG/ AANEE AA S
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7FA AL Tt
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&t

S
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143
147
175
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(= 256 mm)e] 109 ¥

A}

Fed ST110622 7-F-AF

°

Lo H2 143 mmol A Hd 306 mme)

2011/06/22 18:00 - 2011/06/26 15:00
2011/07/26 19:00 - 2011/07/28 05:00

2011/07/03 05:00 - 2011/07/03 22:00
2012/07/05 08:00 - 2012/07/06 18:00
2013/07/13 24:00 - 2013/07/15 23:00

As

O ST110622 (2011/06/22 18:00 - 2011/06/26 15:00)

ST110622
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ST110726
ST120705
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Rainfall {mrm)

Discharge (m*sec

Rainfall {mm)

Discharge (m¥sec)

25

PSF#01

g 20 40 &0 80 100 120 140
Time (hr)
a) PSF#01 %4
PSF#03
- O
—

20 A0 &0 80

Time (hr)

c) PSF#03 A A

Rainfall (mm)

Discharge (m*/sec)

Rainfall {mm)

Discharge (m¥/sec)

PSF#05

PSF#02

Time {hr)

b) PSF#02 A A

PSF#04

20 40 60 80 140

Time {hr}

d) PSF#04 A A

= 25
£
= 20
=
S
5 15
144
10
5
o
50
25
g 20
i
E 35
@
2 0
B!
z 5
15
10

% 3-2-24 | A AT ST110622 AR A

60

Time {hr)

e) PSF#05 A A
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@ ST110703 (2011/07/03 05:00 - 2011/07/03 22:00) Z&-$-A

+
o
ta
1o
i
_\'g

ST110703 Z4$-Ape A49 5709 29t 5 45Ee 143 mme 74 2oy 2%
FEeE 79 mm/hrZ 7HE 2 AAMFe R 10d HEe] S54gS Bosta, SH O UHI|E
S AWE A 479 PSFHL A AT PSFE02 A Hol A SnsEe zies Ao e
ok WA PSF#01 A dS HFS5w0] 272 m'/s2 FoH Tx7]F2 20 m/sE 2343
3 AR 7= 0.08 m/s ZFolE BT PSFH02 A HS 5353 889 m/s®2 T
H w37+ 7.3 m/sE 2R o, Yy XA PSF#03, PSF#04, PSF#05 X do A= HF
Tl ERV|ES 2oskA] &ZUth

¥ 3-2-35 | 218 At ST110703 A 2o A3}

) 109 H%= &+ ERE 7|F (m'/s)
A4 AFTTF (m/s)
|4 = F25E (m/s Zan ) FperTy
PSF#01 2.72 2.0 2.8 @)
PSF#02 8.89 7.3 10.2 @)
PSF#03 19.57 20.7 28.9 X
PSF#04 26.14 29.3 41.1 X
PSF#05 28.21 32.2 45.0 X
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Rainfall {mrm)

Discharge (m*sec

Rainfall {mm)

Discharge (m¥sec)

. PSF#01 PSF#02
30 5 30
E
o E F1]
&
10
10
30 ¢
12
25
T 10
g
R e o i e £
3 ¥
B Esvaemm Fhes anoies e SinasEE Sy
15 F; el
a
10 44
05
00
o 10 20 30 % 50 60 30 10 50 50
Time (hr) Time{hr}
a) PSF#01 A4 b) PSF#02 A4
PSF#03 PSF#04
30 £ 30
E
=
20 E 20
=
o
10 10
o ]
35 45
30 _ b
o
& 35
25 Z
‘é S s . o s -
nfTTTTT T TS T T T s s s E TS = 25
2
o 20
15 [Ty EL
— 15
10
10
5
5
¢ a 10 2 P P s 50 ; 2 1 Py A a0 50 ®
Time (hr) Time {hr}
c) PSF#03 A4 d) PSF#04 A4
PSF#05
£ 30
£
E 20
2
10
a
50
5
g 20
=
E 35
%‘ w{ T TTTTTTTTEET T s s s E ST
g 25
# -—zoz
—
15
10
5
[
o 10 20 30 20 50 60
Time {hr)

e) PSF#05 A A

¢ 3-2-25 | Ale A5 ST110703 %A A3
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@ ST110726 (2011/07/26 19:00 - 2011/07/28 05:00) 7--

ST110726 7452 (7F% 147 mm)ol tiate] 103 W= i, SH
B71Es AEE A3 STI110703 Z-9-AHd3 wp7bA 2 AFR7-Ql PSF#01 Xl@ﬂr PSF#02
ol A Eiﬂ%—% zatd ek WA, PSFH0l A A2 AFTFEo]l 239 m/sE FoH
E7E sE Z2%ekglal, PSFH02 A2 A5 764 m'/s2 FYH TRV <+
73 m’/S‘ET zaﬂ—c‘v}ait}.

e

N

AN

o L

¥ 3-2-36 | Alg AN ST110726 Z9A 2o A

_ 10d W% &5 SEEE 7% (m/s)

SRl ATEFE (0/s) — i
TR R Z I o] H

PSF#01 2.39 2.0 2.8 O
PSF#02 7.64 7.3 10.2 O
PSF#03 12.12 20.7 28.9 X
PSF#04 18.48 29.3 41.1 X
PSF#05 20.36 32.2 45.0 X
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Rainfall {mrm)

Discharge (m*sec

Rainfall {mm)

Discharge (m¥sec)

40

25

PSF#01

g 10 20 30 40 50 60 70
Time (hr)
a) PSF#01 %4

PSF#03

Time (hr)

c) PSF#03 A A

Rainfall {(mm;
o B B &
-
]
]

_ PSF#02
E 40 7
E
= 30
& 20

10

o H_men

12
g 10
E
Y L
=]

24

Time (hr)
b) PSF#02 #| %

_ PSF#04
£ 40
E
= 30
& 20

10

o B s

43

40
g 35
=
s e s o s . s e
'_E 25
a 20

15

10

5

" 10 2 0 » 50 o ™

Time (hr}
d) PSF#04 A ]
PSF#05

g 20

i

E 35

N U A
2 0

B!

z 5

Time {hr)

e) PSF#05 A A

a9 3-2-26 | Al A9~ ST110726 7F-9-AHde] A4
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@ ST120705 (2012/07/05 08:00 - 2012/07/06 18:00) 7+-FAFA weo] A
ST120705 A= 175 mm)oll diste] 571 A -9 10d % S5-I
T 5R IRV|eS AYE Ay d AH>olA ForR W AR g U|ES 296

gro] WAl %] ok A o7 el
¥ 3-2-37 | Al AT ST120705 A3 we A

109 W% &4 ERWE 7]F (m'/s)

A 7 3 AFE5H
| A5 (m/s) =om - voln

PSF#01 1.03 2.0 2.8 X
PSF#02 3.55 7.3 10.2 X
PSF#03 9.22 20.7 28.9 X
PSF#04 13.08 29.3 41.1 X
PSF#05 15.73 32.2 45.0 X

- 182 -



Rainfall {mrm)

Discharge (m*sec

Rainfall {mm)

Discharge (m¥sec)

PSF#01 PSF#02
40 T 40
E
= 30
20 & 20
10
30 °
12
25
T 10
2
B e e e e E
5 8
e
15 TE ‘
a
10 3
05
” o 20 0 &0 &0 100 120 140 a a ) 2 0 100 120 140
Time (hr} Time (hr)
a) PSF#01 A4 b) PSF#02 A4
PSF#03 _ PSF#04
40 £ a0
E
30 = 30
1=
=
20 ® 204 ‘
10 104
o4 o
35 45
30 _ "
o
& 35
25 E
‘g s s s . s s -
. = 25
2
o 20
15 2
15
10
5
5
¢ P P ) p 100 12 140 ; 2 2 P 50 2 10 120 10
Time (hr) Time {hr}
c) PSF#03 A4 d) PSF#04 A4
PSF#05
£ 40
£
B 30
g i
10
a
50
45
g 20
=
E 35
%‘ - TTTTTTTTEEEEEEEEE T
g 25
L TR
—
15
10
5
[
o 20 ] 50 80 100 120 140
Time {hr)

T 3-2-27 | AE AT ST120705 AR A4

e) PSF#05 A A
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HOEg7Es AVE A A AFAA AR dHI|ES 2T A,
PSF#01 A A HFEF% 487 m'/sE AX 871559 28 m/sEUtt 207 m'/s o %343}
Ao, PSFH2 A1 -2 5T 1468 m/s2 AH HE7]FQ 102 m/sHEtl 448 m'/s
zdst= AoR Yeigt stRE Z5E 72 A #AS HFIrdd AR wHU|E
S zol7b AA veutied, AR IR 7]FE T PSFH3 A4S 826 m'/s, PSF#04 A
e 1193 m'/s, PFAY PSF#05 A H <& 1233 m'/s Z%eE Aoz yeytt, A
STI130713 Z-9-AHdel Zd% B3] s 7|5& B, J5a92 3] 2013 74
1569 PSF#05 A3 ofel Axg Aldejae] wzhat duke] sty = Fsfi7p BAg slow
ZAE et

3 3-2-38 | A1 AT ST130713 -4 &e] A

] 10d 9% £5 ERUE 712 (m/s)
24w AEZSY (m/s) ik -
Foln AR EEEE]

PSF#01 4.87 2.0 2.8 O
PSF#02 14.68 7.3 10.2 @)
PSF#03 37.16 20.7 289 O
PSF#04 53.03 29.3 41.1 @)
PSF#05 57.33 32.2 45.0 @)
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Rainfall {mrm)

Discharge (m*sec

Rainfall {mm)

Discharge (m¥sec)
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Time (hr) Time {hr}
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E
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20
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Time {hr)

e) PSF#05 A A
% 3-2-28 | Alg A F ST130713 F-AH49] A A

&
ta
o
Ny
%
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(2) oA+ (PHF)
7h) d&2AE R AR S
A71E A A sdilol 1A A (PHF)= F9WA 547 kw2 22
qom d% B AdIEE SHEE e THCE MY Afder FESAT A
T2 PHF#01 A3 Ql<tol= A Ee] Ao, PHF#02 A 78 PHF#04 A 474+ sh3d
o
o

Gt FHow vpgo] Aggtal Qo] R A AW Is Tt S Aot A=A
4

¢

»

A5t VEFALEE vEo R SUA T 4 F9Y A, s, S T FYEAIAES
AARsH o, F9o =EAZFS Kirpich &2 &8, CN#2 ZH7te] Ex|o] g4 elof s}t
o s EYGoHEE AYESFITFRAS 1yste] AFEs AP RS2 5=

fﬁ&?’ CE Legend

'”:-.\_ﬁ__ ijw/‘ e [HARE
— Ch&tars
[ ]ciene

— — | OMeters
0 o 10

a9 3-2-29 | SiA T 7 NS

- 186 -



# 3-2-39 | oA A

S a 7
AF) A= EXHA AW g 7T-1HA Ao
7)) A71% XA 45 ste 106-1HA] (K1) Ao
S I 2K PHF#01 PHF#02 PHF#03 PHF#04
An 127°21'23" | 127°21°04” | 127°20'417 | 127°20707”
9= 37°57'03" 37°57'08" 37°57'17" 37°57'98"
Ay B | 994 (k) 2.87 361 4.36 5.47
34 A% (m) 2,220 2783 3,402 4377
SR
a3 7 AL 021 0.18 0.15 0.13
o o [AMC- T 56.09 5354 42,17 32.94
o N [AMC-TT 75.25 73.29 63.45 5391
E | &4 EA 2
X AMC-TII 87.49 86.32 79.97 72.90
3 =2 A 7H(hr) 3.17 402 507 6.52
7S . A& 1A
E‘?_J_ -~
(KM A9 (95) 1 1983/01 ~ 2015/07
7 54
eRREL | AT FEAFL | AREG
(MOLIT) (10154010) 717t 1980/07 ~ 2015/07

d) EAY S5
29 3-2-30 | BeA T 7] SA
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]_

b) PHF#01

a) PHF#01 A543k

c) PHF#02

d) PHF#03

a9 3-2-31 | oA A A4
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E 3-2-40 | gdiAF A7z AAGSF (B d54)
7|7k
A7t (hr 10yr 20yr 30yr 50yr 100yr 200yT
0.0 0.00 0.00 0.00 0.00 0.00 0.00
05 0.47 0.55 0.59 0.65 0.72 0.80
1.0 1.34 1.56 1.69 1.84 2.06 2.27
15 2.10 2.44 2.64 2.88 3.23 3.56
2.0 2.75 3.20 3.46 3.78 4.23 4.67
25 3.23 3.76 4.07 4.44 497 5.49
3.0 3.46 4.04 4.37 477 5.33 5.89
35 3.90 454 491 5.36 6.00 6.62
4.0 4.27 4.98 5.38 5.88 6.57 7.26
45 458 5.34 5.77 6.31 7.05 7.79
5.0 457 5.33 5.77 6.30 7.04 7.77
55 4.54 5.29 5.72 6.25 6.99 7.71
6.0 4.94 5.76 6.23 6.80 7.61 8.40
6.5 5.34 6.22 6.73 7.35 8.22 9.08
7.0 5.73 6.68 7.23 7.89 8.82 9.75
75 5.63 6.57 7.10 7.75 8.67 9.57
8.0 5.96 6.94 751 8.20 9.17 10.13
85 6.71 7.83 8.46 9.24 10.33 11.41
9.0 7.52 8.76 9.47 10.34 11.57 12.77
95 8.36 9.75 10.54 11.51 12.87 14.21
10.0 9.59 11.17 12.08 13.19 14.75 16.29
10.5 10.44 12.17 13.16 14.37 16.07 17.74
11.0 11.21 13.07 14.14 15.44 17.26 19.06
115 12.02 14.01 15.15 16.54 18.49 20.42
12.0 12.84 14.97 16.19 17.68 19.77 21.83
12.5 15.79 18.41 19.90 21.74 24.30 26.84
13.0 15.64 18.24 19.72 21.53 24.08 26.59
135 15.44 17.99 19.46 21.25 23.76 26.24
14.0 15.17 17.68 19.11 20.87 23.34 25.78
145 15.06 17.55 18.98 20.73 23.18 25.60
15.0 15.30 17.83 19.28 21.06 23.55 26.00
155 14.37 16.74 18.11 19.77 22.11 24.42
16.0 13.34 15.55 16.81 18.36 20.53 22.67
16.5 12.21 14.24 15.39 16.81 18.80 20.76
17.0 10.33 12.04 13.02 14.22 15.90 17.56
175 8.52 9.93 10.74 11.72 13.11 14.48
18.0 7.85 9.15 9.89 10.80 12.08 13.34
185 7.12 8.30 8.98 9.81 10.97 12.11
19.0 6.35 7.40 8.00 8.74 9.77 10.79
19.5 478 5.57 6.02 6.58 7.35 812
20.0 3.85 4.49 4.85 5.30 5.93 6.54
205 351 4.09 442 4.83 5.40 5.96
21.0 3.14 3.67 3.96 4.33 4.84 5.35
215 276 3.22 3.48 3.80 4.25 4.69
22.0 2.35 2.74 2.97 3.24 3.62 4.00
225 1.92 2.24 2.43 2.65 2.96 3.27
23.0 1.47 1.72 1.86 2.03 2.27 2.51
235 1.00 1.17 1.26 1.38 1.4 1.70
24.0 0.51 0.59 0.64 0.70 0.78 0.86
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(T AAZSRe] WE FrE me) B 5w Aur)E 44
St A - N Ao AANIEE Z5EFS AT dde ® 3-2-41, 19 3-2-32¢9 2
o Aol A iﬂ g AANIE 1099 HFE5 32 PHF#01 A 35 PHF#04 #4714
Z+7y 186 m'/s, 22.0 m'/s, 21.9 m'/s, 209 m/sE AHAFH A oH olFE nHlyg o g T4 FolH
L7 %%711‘2 A7ttt PHF#01 A2 5785 2F0] 186m/s&E ]2 50%¢<! 9.3
m'/sE FoH, 70%2 13.0m/s= AE #EHv|soz AA s7F< PHF#H 4 AHE AF3F
2 209m/sE 105m/soF 14.6m/sS Zz Fn, AR dHr|Fo 72 AU}
I 3241 | AT ARE/AET 0 S FolR 9 AE WY
S PHF#01 PHEF#02 PHF#03 PHF#04
ol Fan | Aw [ xem | Aw | Faw | An | Fom | Ax
10yr 9.3 13.0 11.0 154 109 15.3 105 14.6
20yr 11.1 155 13.2 185 135 18.8 13.2 185
30yr 12.2 17.0 145 20.3 14.9 20.9 149 20.8
50yr 135 189 16.1 22.5 16.8 235 17.0 23.8
100yr 15.2 21.3 18.2 255 19.3 27.0 19.8 27.8
200yr 17.0 23.7 20.3 285 21.7 30.4 22.7 31.8
20 PHF#01 25 PHF#02
% = 10y g 25 om
a o 200 5 L VI s 200
15 T = A
1 - —— 50yr
10097 10 100y
3 —200yr 5 — 200yt
Time {hr) Time {hry
a) PHF#01 b) PHF#02
5 A PHF#03 0 PHF#04
g“ 30 o g 30 1o
7 =507 -~ 200 5 e L T 200
20 4 i = 300
15 =Zoni 15 == 50yr
1+ 100yr 10 100yr
5 —200yr 5 / — 200yt

Time {hr)

c) PHF#03
% 3-2-32 | A AR/ AAN =Y
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(2h) 719750 olgt Fog 2o W 5H IHU|E 2A
BT SAAR LY A FEBEAEE o] §3te] H 59 (2010~2015) 5 B
5 TolA @Y AAE S ovlaA Aol B 5 AMYE AdABsdo A8 E AAL
AEY e A4 212 mmolA Hdl 709 mme] HeE 7HA L Aot
E 3-2-42 | AT B9 94 Az
7} 2= 2k PARCRA S = AMC
e T 10 o T © o T 7o
&5-AH &s-713r (mm) (mm/hr) =7
1| ST100909 2010/09/09 16:00 - 2010/09/12 08:00 297 4.6 I
2 | ST110629 2011/06/29 01:00 - 2011/06/30 20:00 276 6.3 Im
3| ST110726 2011/07/26 17:00 - 2011/07/29 06:00 709 114 I
4 | ST120819 2012/08/19 12:00 - 2012/08/22 11:00 212 2.9 I
5| ST130712 2013/07/12 05:00 - 2013/07/15 21:00 391 44 m

@D ST100909 (2010/09/09 16:00 - 2010/09/12 08:00) Ak mel 2
ST100900 724+ 207 mm)el kel 47] Qe 104 W= F45
T SRUE JES ARG FFES 2eld A3 HAFA PHFHL X
m/sel AEFoeo] AHEon] Foju welv)Eel 93 m/se EHeE Fiwo] WA

P Qo2 vehgtrh

¥ 3-2-43 | AT STI00909 Z-AFA me] A}

) 10d 9% 24 ERLE 713 (m/s)

24w AEZSY (m'/s) ik -
TR A Z ol

PHF#01 10.40 9.3 13.0 @)
PHF#02 9.88 11.0 154 X
PHF#03 472 10.9 15.3 X
PHF#04 3.68 105 14.6 X
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Rainfall (mm)

Discharge (m?/sec)

Rainfall (mm)

Discharge (m¥/sac)

18 1

16

14 4

PHF#01

£
E
| I 5
___________________ T
- ’.—‘2{2‘ &
0 30 F] 5 & 70 80 @
Time (hr)
a) PHF#01 A4
PHF#03 _
E
E
g
g
M SR R,
;g-
5
g

Time (hr)

¢) PHF#03 A &

19 3-2-33 | st x5 ST100909 7+
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. PHF#02
80
a0
20
13
16
14
12
10
g - —zo=
6 —
4
0 10 0 30 40 50 60 7% 80 %0
Time (hr)
b) PHF#02 A3
PHF#04
80
80
a0
20
0 WMM\
16
14
12
T e it
8
‘- -zoe
6
— 1
: W
) 10 20 30 40 50 60 ] 80 9%
Tirme (hry

d) PHF#04 A &

Sapabel A me) Aw



@ ST110629 (2011/06/29 01:00 - 2011/06/30 20:00) Z+-F-Abd Eo Az}

st A 7-2] 471 A Aol tisto] ST110629 &AM (% 276 mm)el 10d W= S %F
= Rosta, T SEER VIES AV ESIH STI10629 4-5-AHdS Boldh A3 o A4

M
)

AM FR W AR THIIESE st T o] HAE AoE UewTth

PHF#01 A9 AFE5E 1430 m/st= TR EH71FE 93 m/sy AR 237
130 m/sE EF ¥t on, PHF#02 A4 HFETFE 1658 m/s®E FoH &
9 11.0 m'/s9t AR HH7|FQA 154 m'/sE 233t PHF#03#] H 2t PHF#04 A

B AR ERUES sk AFeardel A% Adow mojHgu

o oft AN
N oo

H

¥ 3-2-44 | P A T ST110629 AL 2o Ax
A4 AT S (m/s) 11_140;‘3 e s i‘;:%ﬁ s ;“;;%j_
PHF#01 14.30 9.3 13.0 O
PHF#02 16.58 11.0 154 O
PHF#03 17.38 109 15.3 @)
PHF#04 17.87 10.5 14.6 O
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Rainfall (mm)

Discharge (m?/sec)

Rainfall (mm)

Discharge (m¥/sac)

= PHF#01 PHF#02
30 £ 30
E
20 E 20
&
10
10
: : 1.
160
13
16
g 14
£ .
= 12
& s
6
4
10 20 0 %0 50 50 70 "0
Time (hr}) Time (hr)
a) PHF#01 A4 b) PHF#02 A&
PHF#03 PHF#04
7 E 30
E
&
101 16
D - il | J R 0 -l j |
20 20
18 18
16 4 g s /\
14 ‘i_E 14
12 .‘gl 12
10 g 10
5 8
6 - 8
4 4
® 0

Time (hr)

Time (hr)

¢) PHF#03 A & d) PHF#04 A &

19 3-2-34 | SHlA T ST110629 Z-5-Adel A me) Azt
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@ STI110726 (2011/07/26 17:00 - 2011/07/29 06:00) 7+-$-AHA el Ax}
StfA o] 57 A S AdwFe]l 709 mmE /MY Wi, A EU 1
7V 3 AMC-T 279 ST110726 F9-AHe] thsle] 103 WE 428 25, &

ek SR

B o v PHF#01
el A, PR

&l 1 130 m/sEtt 166 m'/s 238t 296 m'/s¢] HFET ol
9 PHF#02 A4S 4R 97|59 154 m/sKEtt 1826 m'/s 233+ 3366 m/se &
T3 o] wrAE gt PHF#03 A4S 44X @ 7]F< 153 m/sEtt 1999 m'/s X33}
+ 3529 m/s® HFZFFol WAGA o, st PHF#04 A A& AE UE 7159 146
m/sE ok 2219 m'/s 238k 3679 m/se HFSaHo] HAE Zom HoHA.

o M
4
Jhu
}1_1‘
i
fo
ats
oft
j'z_ll
o
f
i)
o
N
MN
_t‘_l‘
NI
o,
N
i
a9
i
o
AV

0

O

Z 3-2-45 | AT ST110726 749-AH4F me) A}

§ 109 ¥% 5 ERWE 7|E (n'/s)

274w AFZSEF (m/s) ik -
Folr AR Z 7ol R

PHF#01 29.60 9.3 13.0 @)
PHF#02 33.66 11.0 154 @)
PHF#03 35.29 109 15.3 @)
PHF#04 36.79 105 14.6 @)
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Rainfall (mm)

Discharge (m?/sec)

Rainfall (mm)

Discharge (m¥/sac)

100 1 PHF#01 PHF#02

Time (hr}) Time (hr)
a) PHF#01 A4 b) PHF#02 A&
100 - PHF#03 _ 0 PHF#04
E
oﬂ-dh*qu
Time (hr) Time (hr}
c) PHF#03 # 3 d) PHF#04 A%

9 3-2-35 | S A T ST110726 F9AHEe] 214w me] Az
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@ STI120819 (2012/08/19 12:00 - 2012/08/22 11:00) 7+$-AF =] Az}
STI120819 Z$-AH( 72 212 mm)d dlsle] 10d WE %
HolA &5 AR THIES 298 JAFErdo 2A4d
A M EH PHF#04 A A7MA] 7 A FAH dA7| & By of
FEggo] B Zlowg RolE

3 3-2-46 | AT ST120819 Z9-AR4 2o Ax
9 ¥E $4 ERWR 7
47 AFESS (/o) 104 M5 S TREE IS (/)
PHF#01 17.66 9.3 13.0 @)
PHF#02 19.92 11.0 154 @)
PHF#03 20.05 109 15.3 @)
PHF#04 19.55 105 14.6 @)
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Rainfall (mm)

Discharge (m?/sec)

Rainfall (mm)

Discharge (m¥/sac)

40

201

PHF#01

Time (hr)

a) PHF#01 A A

PHF#03

™ O

- —zo=

—

Time (hr)

¢) PHF#03 A &

Rainfall (mm}

Rainfall (mm)

Discharge (m’/sac)

Discharge (m?/sac)

PHF#02

- -z

—

Time (hr)

b) PHF#02 A4

PHF#04

Time (hr}

d) PHF#04 A &

9 3-2-36 | S A T STI120819 ZF9AAe] AW me] Ax
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® ST130712 (2013/07/12 05:00 - 2013/07/15 21:00) 7-5-AH

st A Te] 57 A Z ST130712 ~

F5ue mod Av BE AR ¥4

Ao 7 YEsth PHF#01 A H& 2 H
m'/s<]
WU} 1838 m'/s =13 3298 m'/se] AFIZ

W 7)=e 13.0 m'/s Bk 1755 m'/s f:ﬂr
AFgraFo] HAHS o a7l

ol Az

F9- 2372 391 mm)el] thake] 10 W= e]

An wegrEe 2ise ATErgo] AW
30.55

6 m/s

E,J_

PHF#04 A el A= AR EE7]+9 1
TEo] TAHE Aow Horln.

¥ 3-2-47 | AT ST130712 A4 2o A3

_ 10d W% &5 SEEE 7% (m/s)

SRl ATEFE (0/s) — i
TR R Z I o] H

PHF#01 30.55 9.3 13.0 O
PHF#02 33.30 11.0 154 O
PHF#03 33.32 10.9 15.3 O
PHF#04 32.98 10.5 14.6 O
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Rainfall (mm)

Discharge (m?/sec)

Rainfall (mm)

Discharge (m¥/sac)

PHF#01

o M
-y
— i
o 20 40 B0 80 100

Time (hr)

a) PHF#01 A A

PHF#03

.”*MLW_IJLM*L,MW

Time (hr)

¢) PHF#03 A &

Rainfall (mm}

Rainfall (mm)

Discharge (m’/sac)

Discharge (m?/sac)

PHF#02

I .

2 20 a0 80 80 100

Time (hr)

b) PHF#02 A4

PHF#04

...,..,.MJ,M,,ILMLMW

--—Fo
—E

Time (hr}

d) PHF#04 A &

9 3-2-37 | St A) T ST130712 ZA9AEe] AW me] Ax
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(3) A=A (BSF)
7h) g 2A 2 28 7=

TAEE BEA A A fA AFAT BSH= 994 2.04 k, sPHAE
269 km= 2F2 fFHolty AFA T = WA TR A e Aol A5t
FoFd 2 odAdoe] Aefzta glo] QI EHdE xoer 53 §HF<l BSFH03 A3 W=
ohE 8t WARE A, BAXLTE fAsAL Qo SR v Aol A wid o F
olwl A Aol & wmEFEl dd A@A GOl BIZA NN HFTaF s Gl
ek A Al gAY S AlF Tl ey o] Ay 5 A HA =EEH 9
of I} Aty 7 - Ha dom, AFAT dFA A5k 7] T VI EFA =
dEdzAL ARE AlFoR 7 afdd gaud, SHAR, sAA 5& EEda,
Kirpich &2 Z8&3dto] §9¢ =23 55 AT CNg2 2hzhe] EA| o] 874 H
o thste] FEA Edwde APEGTFRAS adyste] A&l on, 7dAsE F
A3t 7h7ke] HAF BHE VAHSA ARE T, A FeAEE B3EY FeaSA
25 4% TR-20 29 755 A d¥9AEE +F89H

Legend
& CHAXIE
CHAFSHA

[ Jckane
Kilometers

o 5 10 20

a9 3-2-38 | AT 59 NG
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¥ 3248 | AFAT AR dHAR
T 7 8 3
(47) FAYE wgA AFE A7 AN Av)
(BH7) =3E9E BEA] A5H ASg AHMEHA] Ao
A W9 R BSF#01 BSF#02 BSF#03
A 126°38'32" 126°38'46" 126°38'58"
9= 36°20'07" 36°20710" 36°20709”
Ay B | 994 (k) 1.32 1.87 2.04
34 A% (m) 2,020 2,383 2,690
3 54
3131 7 A} 0.13 0.13 0.12
° o [AMC- T 51.50 52.36 57.22
o N [AMC-TT 7165 72.36 76.10
E | &4 EA 2
X AMC-TII 85.32 85.75 87.99
3 =2 A 7Hhr) 353 406 460
chines B (235) AaR 77 197201 ~ 2015/07
(KMA) © ST
7] }6]' E/\é
TRAIE | g (320840200 | AEESZ | 197602 ~ 201507
(MOLIT) | 77" ST

d) EAYE=

9 3-2-39 | AFAT N BFAE
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'b) BSF£01 ah51hak

a) BSF#01

}ubar

S

f) BSF#03
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E 3-2-49 | AFAT A7 AARSF (B8 AS54
7|7k
A7t (hr 10yr 20yr 30yr 50yr 100yr 200yT
0.0 0.00 0.00 0.00 0.00 0.00 0.00
05 0.52 0.60 0.65 0.71 0.79 0.87
1.0 1.43 1.65 1.78 1.94 2.15 2.37
15 2.14 2.47 2.66 2.91 3.22 3.55
2.0 2.64 3.05 3.29 3.59 3.98 4.39
25 2.70 3.12 3.36 3.67 4.07 4.48
3.0 1.98 2.29 2.47 2.69 2.99 3.29
35 2.34 2.70 291 3.18 3.52 3.88
4.0 2.69 3.11 3.35 3.66 4.06 4.47
45 3.04 352 3.79 4.14 4.59 5.06
5.0 3.69 4.26 459 5.01 5.56 6.12
55 4.29 4.96 5.34 5.83 6.47 7.13
6.0 4.33 5.00 5.39 5.89 6.53 7.19
6.5 4.31 498 5.36 5.85 6.49 7.15
7.0 4.22 4.87 5.25 5.73 6.36 7.00
75 2.79 3.22 3.47 3.79 4.20 4.63
8.0 2.42 2.80 3.01 3.29 3.65 4.02
85 3.12 3.61 3.89 4.25 471 5.19
9.0 3.89 450 4.85 5.29 5.87 6.47
95 473 5.47 5.89 6.43 7.13 7.85
10.0 6.44 7.44 8.02 8.75 9.71 10.69
10.5 7.20 8.32 8.97 9.79 10.85 11.96
11.0 7.74 8.94 9.63 10.52 11.66 12.85
115 8.29 9.58 10.32 11.27 12.49 13.76
12.0 8.86 10.23 11.02 12.04 13.35 14.71
125 10.79 12.47 13.44 14.67 16.27 17.93
13.0 10.74 12.41 13.37 14.60 16.18 17.83
135 10.64 12.30 13.25 14.47 16.04 17.67
14.0 10.51 12.14 13.08 14.28 15.83 17.45
145 10.58 12.22 13.16 14.38 15.94 17.56
15.0 11.04 12.76 13.75 15.01 16.64 18.34
155 10.28 11.88 12.80 13.97 15.49 17.07
16.0 9.44 10.91 11.75 12.83 14.22 15.67
16.5 8.52 9.85 10.61 11.59 12.85 14.16
17.0 6.91 7.98 8.60 9.39 10.41 11.47
175 5.37 6.20 6.68 7.30 8.09 8.91
18.0 493 5.69 6.13 6.70 7.43 8.18
185 4.45 5.15 5.54 6.06 6.71 7.40
19.0 3.95 4.56 491 5.37 5.95 6.56
19.5 2.78 3.21 3.46 3.78 4.19 4.61
20.0 2.16 2.50 2.69 2.94 3.26 3.59
205 2.05 2.37 2.55 2.79 3.09 3.40
21.0 1.93 2.23 2.40 2.62 2.90 3.20
215 1.80 2.08 2.24 2.44 2.71 2.98
22.0 1.66 191 2.06 2.25 2.50 2.75
225 151 1.74 1.88 2.05 2.27 2.51
23.0 1.35 1.56 1.69 1.84 2.04 2.25
235 1.19 1.37 1.48 1.62 1.79 1.98
24.0 1.02 1.18 1.27 1.38 1.53 1.69
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(EH AAZZSEF e T R 2 5H IEIE HA
FAT 3 2F9e] AANEY $5%S g dae 1 3-2-50, 19 3-2-417 %
E} AT e AN E 1099 HAFEadS 4R5FE U= 59 m/s, 82 m'/s,
93 m/sAem, AT 50% TR v BSFHL A 29 m'/s, BSF#02 A
A 4.1 m'/s, BSF#03 AHd 46 m/sZ A=A ATy 70% AR HHE 7| &S
BSF#01 A% 4.1 m'/s, BSF#02 A% 58 m'/s, BSF#03 A& 65 m/sZ A4 %At}

# 3-2-50 | AFAT AR/ AR7IAE T TR H FE PV

e BSF#01 BSF402 BSF#03

Foln AR Fol 1 AR Fon AR
10yr 2.9 41 41 58 46 65
20yr 35 5.0 5.0 6.9 55 7.7
30yr 3.9 55 5.4 76 6.1 85
50yr 43 6.1 6.1 85 6.7 9.4
100y 49 6.9 6.9 9.6 76 10.6
200yr 55 77 77 10.8 85 11.9
12 q BSF#01 18 BSF#02

1y
=== 20y
30y
- ——-50y1
100yr
—200yr 2

Discharge (mefsec)
LIscnarge (meysec

40 30 B0 o 10 20 30 40 30 &0

Time (hr) Time (hr)

a) BSF#01 b) BSF#02

16 BSF#03

Lischarge (m3/sech

Time {hry

c) BSF#03

RFEAT AARAANEE AAFSE we) A

a9 3-2-41
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(&) 7175l o % 2o H Sx 2yr|e 44
wabhe] AR FREARE o g3te] AT 59 (2010~2019F FEAE FoIA
9 BSAE F oulad B9gel Be 54 A4S At A48 FAYEY 38
Fe FHA 147 mmeoll A Hdl 440 mme] HHE 7HA 2 dew, A EE ST110817 7
SARFol A 99 mm/hrE 7HE A YR
£ 3-2-51 | 4FAT FSAE 24 Az
Zl-==<k AR AN = AMC
7} O AL AN AN Zl_ o1 ¢ © T 7o
AR AR (mm) (mnm/hr) %7
1| ST100723 2010/07/23 09:00 - 2010/07/23 24:00 147 9.2 I
2| STI110623 2011/06/23 21:00 - 2011/06/26 13:00 216 34 il
3| ST110710 2011/07/10 01:00 - 2011/07/12 23:00 440 6.3 Il
4| ST110817 2011/08/17 08:00 - 2011/08/18 01:00 178 9.9 I
5| ST130617 2013/06/17 21:00 - 2013/06/19 01:00 188 6.5 I

@ ST100723 (2010/07/23 09:00 - 2010/07/23 24:00) 7&$-AHA 2ol Ax
AFATY] ST100723 7 FAMES] Ar=FS 147 mm= 371 A dE 104
Rolstal, &4 SRR VS AR $5% 2o A BSFH01 A FoNA 259 m'/s,
BSF#02 A &olA 358 m/s, BSF#03 A HolA 453 m'/se HFZTFoo

| AR = A
BSF#03 A zoll A o] HFZdFol For o 7[5l 46 my/soll 7HE S Aoy 7ol
= Bk @Fen, e A4 BF FoE 2 AR wgriEe] vAA fskd Aow

UEpsh T

3 3-2-52 | AFAF ST100723 7Z-5-AHS Re] Az

) 109 HlxE T4 ERWE 7|F (m/s)
RER AE B (m/s) T -
ol 1. AR 2ol 5
BSF#01 2.31 2.9 4.1 X
BSF#02 3.16 4.1 5.8 X
BSF#03 3.55 4.6 6.5 X
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Rainfall (mm)

Discharge (m?/sec)

& BSF#01 BSF#02

£ 60
E
]
40 E 40
&
[i4
20
20
o4
0 =———
5
74
4 o 6
&
z 5
S U R U S RSSO S g g‘
£ g e - =
=
- -2 = H - — oz
— B
1
14
o

5 10 15 20 25 30 0 5 10 15 20

Time (hr) Time (hr)

a) BSF#01 A A b) BSF#02 A &

BSF#03
£ 50
E
g
= 40
s
o
20
L g
o &
]
£ H
i Fememememmem e e e e m e — e — - ————
=
- 4
5
a
* -0z
—
1

Time (hry

¢) BSF#03 A %
19 3-2-42 | AFA T ST100723 Z-$Abdel A% =me) A3t
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= 5 A~
e

@ ST110623 (2011/06/23 21:00 - 2011/06/26 13:00) Z-$-AH4d =) A}
JFA T STI0623 2] Z5%e 216 mmZ 10d W% $5%S wos A3
BSF#01 A Aol A 231 m'/s, BSF#02 A delA 316 m'/s, BSF#03 A delA 355 m/se] 3

| A Een, e Aol Fou AR I|El = v AA] ok

¥ 3-2-53 | AFA T ST110623 2-$AHg 2o A}

} 109 W% 55 ERYE 7]F (m'/s)

RER A=52% (n/s) ik -
TR G Z ol
BSF#01 2.31 2.9 4.1 X
BSF#02 3.16 4.1 5.8 X
BSF#03 3.55 4.6 6.5 X
BSF#01 BSF#02

Rainfall (mm)

o 5 ]
Rainfall (mm}

Discharge (m?/sec)

Discharge (m?/sec)

Time (hr)

Time (hr)

a) BSF#01 A A b) BSF#02 A A

Rainfall (mm)

Discharge (m*/sec)

0 BSF#03
Nl e 1

Time (hry

c) BSF#03 A1 #

% 3-2-43 | AFA G ST110623 A-5-AHde] A4 2o Ay
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& oxadolth STI0710 ZA9-Abdel A HE 100 WE E53S 1
F 7ES ANE Ay B$7)0 Fet BSFHL A Ao A= 47k 7

. B7|F9 41 m/sE
A3)slE AFEgwo] HAE R o BSF#023 BSF#03 A Mol A= AH 7|2 58 m'/sT
65 m'/sE F3letE FFEr o] 3HA WG Ao ROyt
¥ 3-2-54 | AT ST110710 Z-5-AR mel Ax}
| HlE &4 ERER JE (o
i AT (m/s) 10wl & S5 7] (EH/S)
TR AE Z I o] H

BSF#01 2.31 2.9 4.1 O

BSF#02 3.16 4.1 5.8 @)

BSF#03 3.55 46 6.5 @)
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Rainfall (mm)

Rainfall (mm}
5
8

Discharge (m?/sec)

BSF#01 BSF#02

Discharge (m?/sec)

Time thr) Time (hr)

a) BSF#01 A A b) BSF#02 A &

BSF#03

Rainfall (mm)

Discharge (m’/sac)
- = =
| |
ot
(LG

Time (hr)

c) BSF#03 A3
19 3-2-44 | AFAT STIO710 Z-$A44e] A8 we] Azt
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@ ST110817 (2011/08/17 08:00 - 2011/08/18 01:00) 7$-AF2 weo] Az
ST110817 7ZFS-AFAel 7428 178 mmoly #97EE 99 mm/hrZ AAE 7FARA
T A= 7HE A ST110817 F9-ARgel AdE 10d W% 43S 2o)3k Ay
BSF#013} BSF#02 A AolA &= FH IH 7ol v X% Ze oy, BSF#03 =] Aol A
= AFEFEo] 502 m/sE FH HHIFEe 46 m/sE A3 ElE Aow moHit)
¥ 3-2-55 | AFAF STI10817 A3 e Az
} 109 W% &5 ERYE 7]F (m'/s)
Sk AFESF (o
] TETE (/s Fon e Z o]
BSF#01 2.70 2.9 4.1 X
BSF#02 3.79 4.1 5.8 x
BSF#03 5.02 46 6.5 o

Rainfall (mm)

Discharge (m?/sec)

BSF#01

Rainfall (mm)

Discharge (m¥/sec)

15

s

Time (hr}

a) BSF#01 A #

BSF#03

Rainfall (mm)

8

BSF#02

15

s

Time (hr)

b) BSF#02 A A

Discharge (m’/sac)

Time (hr)

c) BSF#03 A #
A+ ST110817 Z-$-AREe] A

a9 3-2-45 | BF
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©® ST130617 (2013/06/17 21:00 - 2013/06/19 01:00) 7Z+-F-Abd o Az}
ST130617 Z-5-AHd(Z-=F 188 mm)e] A4 10d ¥l

H7les Ay 43 BSFH1 A-e 45, TR wH 754 m'/sEth 041 m'/s =
HalE= 331 m/se HFEF o] B, BSF#H2 A HS FoH wE 7] 41 m'/sHEUh
033 m'/s 233 443 m'/se] HFEaFo] WA P &7 BSF#03 A H %= TR H#
H7152 46 m/sET 093 m'/s 2338F= 553 m/se TS o] WAl Ao oy
Aot
¥ 3-2-56 | AFA G ST130617 7F-FAH 2o A3}
. 10d W= 35 SREE 71E (n'/s)

A A AFESEE ('

(SR FEIw (m'/s) =on o ool

BSF#01 3.31 2.9 4.1 O

BSF#02 443 4.1 58 O

BSF#03 5.53 4.6 6.5 @)
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Rainfall (mm)

Discharge (m?/sec)

BSF#01

BSF#02

B o o

Time (hr)

a) BSF#01 A A

Rainfall (mm)

Discharge (m¥/sac)

£ 60
E
3
E 40
@
[i4
20
0 Ff——r
74
i £
g
_________ k3 5 -
@
&
= 4
B
- ;2{5‘ = 3 4
—
14
40 45
BSF#03
60
40 |
20
0 H-AL-,—-.—--—W—“--.—.—H—W—F-’H
5

-

Time (hry

c) BSF#03 A1 #

19 3-2-46 | AFA T ST130617 Aol =4
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Time (hr)

b) BSF#02 A &
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(4) AR AT (ASF)

AR 5

=]
=

(7h) d&=A

ARRA T (ASF)

ki3

425 km=E AR A G-

=
I:I]T

F7h A 2 Kirpich 321

. the ATe v
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]

o

|51

o
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\Mt\.:JJ\(r\tI, P

CHar5HH

[Jasse
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Legend
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E 3257 | AT AR 4HAR

T & CiE
(37) ARHE A =AW AAE 706-194 Ao
(317) ZARE QA HAW ALY 45-194 Ao
R I R ASF#01 ASF#02 ASF#03 ASF#04
Aw 128°45'24" | 128°45'41" | 128°46'00" | 128°46'12”
BE 36°42/37" 36°42'19" 36°42/07" 36°42/08"
AN B4 | A ) 3.06 3.86 4.49 498
313 A% (m) 2,661 3,259 3,892 4,249
=4
a3 A Ak 0.07 0.08 0.07 0.06
. AMC- 1 36.89 31.71 36.59 37.31
F C
o N [AMC-TT 58.19 52,51 57.87 5863
S | S48 g
X AMC-TII 76.20 71.78 75.96 76.52
3 =2 A] 7H(hr) 563 6.25 767 8.46
7R E A o AR
s ~
(KM oFE (136) T 1973/01 ~ 2015/07
1% 54
$FRE2 . ARG
]_ ~
MOLLD) o 9F2 (20014030) o 1980/06 ~ 2015/07

d EXYEE e) e oF

29 3-2-48 | ARIA T 72T =
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b) ASF#01 3+

a) ASFH01 AR g}

d) ASF#03

.-OO
=0

o

o

H,

],

f) ASF#04

e) ASF#04 A54k3F

19 3-2-49 | ARIA T A
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E 3-2-58 | AFAT Ad7IHE AAGSF (BE d54)
d 7]zt
A7+ (i 10yr 20yr 30yr 50yr 100yr 200yr
0.0 0.00 0.00 0.00 0.00 0.00 0.00
05 0.18 0.20 0.21 0.23 0.25 0.27
1.0 0.52 0.57 0.60 0.65 0.71 0.76
15 0.82 091 0.96 1.03 1.12 1.21
2.0 1.09 1.20 1.27 1.37 1.48 1.60
25 1.30 1.44 152 1.63 1.78 1.91
3.0 1.44 1.59 1.68 1.81 1.96 2.11
35 1.64 1.81 1.90 2.05 2.23 2.40
4.0 1.81 2.00 2.11 2.27 2.47 2.65
45 1.96 2.17 2.28 2.46 2.67 2.88
5.0 2.02 2.24 2.36 2.54 2.76 2.97
55 2.07 2.29 241 2.60 2.83 3.04
6.0 2.24 2.48 2.61 2.81 3.05 3.29
6.5 2.40 2.66 2.79 3.01 3.27 3.52
7.0 2.56 2.83 2.98 3.21 3.48 3.75
75 2.55 2.82 2.97 3.20 3.48 3.75
8.0 2.68 2.96 3.12 3.36 3.65 3.93
85 2.94 3.25 3.42 3.69 4.01 4.31
9.0 3.21 3.55 3.74 4.02 4.37 4.71
95 3.49 3.86 4.06 4.38 4.76 512
10.0 3.69 4.08 4.30 463 5.03 5.42
10.5 4.02 4.44 4.67 5.04 5.47 5.89
11.0 4.38 4.85 5.10 5.50 5.97 6.43
115 4.77 5.27 5.54 5.97 6.49 6.99
12.0 5.16 5.71 6.01 6.47 7.03 7.57
125 6.51 7.20 7.57 8.16 8.87 9.55
13.0 6.49 7.17 7.54 8.13 8.83 9.51
135 6.44 712 7.49 8.07 877 9.44
14.0 6.37 7.04 7.41 7.98 8.67 9.33
145 6.38 7.06 7.43 8.00 8.69 9.36
15.0 6.58 7.27 7.65 8.24 8.96 9.64
155 6.20 6.86 7.22 7.78 8.45 9.10
16.0 5.79 6.40 6.74 7.26 7.89 8.49
16.5 5.34 5.90 6.21 6.69 7.27 7.83
17.0 4.62 5.10 5.37 5.79 6.29 6.77
175 391 4.32 4.55 4.90 5.32 5.73
18.0 3.60 3.98 4.19 452 491 5.28
185 3.27 3.62 3.81 4.10 4.46 4.80
19.0 2.92 3.23 3.40 3.66 3.98 4.28
195 2.16 2.39 2.52 2.71 2.95 3.17
20.0 1.74 1.92 2.02 2.18 2.37 2.55
20.5 1.61 1.78 1.88 2.02 2.20 2.36
21.0 1.48 1.63 1.72 1.85 2.01 2.16
215 1.33 1.47 1.55 1.67 1.82 1.95
22.0 1.18 1.30 1.37 1.48 1.61 1.73
225 1.02 1.13 1.19 1.28 1.39 1.49
23.0 0.85 0.94 0.99 1.07 1.16 1.25
235 0.67 0.74 0.78 0.84 0.92 0.99
24.0 0.49 0.54 0.57 0.61 0.66 0.71
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(th) AAZZ=Fe e Sd 2o 3 51 BH7]E 44
ARIA T A7) af e AANEE $53S Abgs A= 1 3-2-59, 1% 3-2-509 2
o 2 AFeA AR 109 AYNIES] 4 FoR B AR BEU|ES Ay A
ASF#01 Aol A F95 19 m/s, AXE 26 m/s, ASF#02 A H& FoH 18 m'/s, AR
25 m/s, ASF#03 A HS FoX 24 m/s, AKX 34 m/s¥om, 37 ASF#04 A HL F
o|® 27 m'/s, AH 38 m/sE 77 #E V|EoR AT F Ud

H® 3-2-59 | ARRIA A A FE/ AP S FoR B AR IR S
e ASF#01 ASF#02 ASF#03 ASF#04
T FUR | AR | FR | AR | FOR | AR | FgH | AR
10yr 19 2.6 1.8 25 2.4 3.4 2.7 3.8
20yr 2.3 3.2 2.2 3.1 3.0 4.2 3.3 4.6
30yr 25 3.6 2.5 3.4 3.3 4.6 3.6 5.1
50yr 2.9 4.1 2.9 4.0 3.8 5.3 4.2 5.8
100y 3.4 4.8 34 4.8 4.4 6.2 4.9 6.8
200y 3.9 5.4 39 55 5.1 7.1 55 7.7
24 ASF#01 9 ASF#02
':g & '“E & _ \
] i \ : A\
. N
1 s \ T \
Time (hr) Time (hr)
a) ASF#01 b) ASF#02
12 - ASF#03 12 ASF#04
™\
g 13 4 /,\ g 1 / \\
i A\ i A Y
) V4 ) ) N
Time (hr) Time (hr)
c) ASF#03 d) ASF#04

29 3-2-50 | ARIAI T A -/ AN = A G o] Ay
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Rainfall (mm)

Discharge (m?/sec)

Rainfall (mm)

Discharge (m¥/sac)

ASF#01
150

100

—-’.—‘2[5‘

10 —

05

a0
a 4 8 12 16 20 24

Time (hr)

a) ASF#01 A4

ASF#03

0 4 8 1 16 20 24

Time (hr)

c) ASF#03 A1 #

19 3-2-51 | ARAIAI- ST110511

Rainfall (mm}

Discharge (m?/sec)

Rainfall (mm)

Discharge (m¥/sac)
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ASF#02
150
100
50
0
25
20 A
15
— — zo=
10 —
05
oo
o a 8 12 16 20 2
Time (hr)
b) ASF#02 7%
ASF#04
150
100
50
40
35
30
25
20
‘— - =0
15
—
10
; /\
0o T T T
0 4 8 12 16 0 2
Time (hr)

d) ASF#04 A3

$AFel AW =] A%



@ ST110623 (2011/06/23 24:00 - 2011/06/26 20:00) 7&-F-Abd o Az}

AAA T STL10623 A-9AEe] 4% 24 %] 240 mmz HAE 54 B4 5 3
el b we Z9Adelth AW 100 ME F5US Bty F4 SRUE /F

S AYE A3 971z Qb ASFH1 A HLS 164 m'/s, ASF#02 A H2 128 m'/s
ASF#03 A3 213 m'/s, ASF#04 A A2 240 m'/s®] HFEFFo] EAsgon, 47 %

A ESF FoR T vE s AR okt

AN

¥ 3-2-62 | AFAAT ST110623 72-9-AH we] Axp

) 109 HlxE T4 ERWE 7|F (m/s)
2% 7 AFZEF (m'/s) ik -
ZFon AR Z3}o]
ASF#01 1.64 1.9 2.6 X
ASF#02 1.28 1.8 2.5 X
ASF#03 2.13 2.4 3.4 X
ASF#04 2.40 2.7 3.8 X
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Rainfall (mm)

Discharge (m?/sec)

Rainfall (mm)

Discharge (m¥/sac)

ASF#01

30
20
10
30
25
20 -
15
=
10 —a
05
00
o 10 0 30 a0 5 80 70 B0 g0
Time (hr}
a) ASF#01 A4
ASF#03
30
10

Y W [T EP

Time (hry

c) ASF#03 A1 #

19 3-2-52 | ARIA T ST110623

Rainfall (mm)

Discharge (m?/sec)

Rainfall (mm)

Discharge (m/sec)
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ASF#02

Time (hr)

b) ASF#02 A A

ASF#04

P T 1T PP PO

Tirme (hry

d) ASF#04 A3

Sapabel A me) Aw



@ ST120812 (2012/08/12 13:00 - 2012/08/13 13:00)
ST120812 ~% %/\}”(7*’“3’5 138 mm)9] 10d ¥l% EF3S Hojs)
S AYHE Ay 73713 sk ASF#01 A& 055 m'/s, ASF#02 A4 0.20
A 062 m'/s, ASF#04 A& 074 m'/se] HF&FZo] HAeAow, 247 Fou w7
Oﬂ% ASF#01 A% 1.35 m'/s, ASF#02 #4 1.60 m'/s, ASF#03 A& 1.78 m'/s, ASF#04
1.96 m'/s¥bE Aol KA

921

F-{NA

A

I 3-2-63 | ARIA T STI20812 2544 we) A}

_ 10d W% &5 SEEE 7% (m/s)
SRl ATEFE (0/s) — i
TR R Z I o] H
ASF#01 0.55 1.9 2.6 X
ASF#02 0.20 1.8 2.5 X
ASF#03 0.62 2.4 34 X
ASF#04 0.74 2.7 3.8 X
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Rainfall (mm)

Discharge (m?/sec)

Rainfall (mm)

Discharge (m¥/sac)

ASF#01

50
4y
o
30
25
20 -
15
-0
10 — ‘
05
00 /\'\
o 5 10 15 20 5 30 s ap 45 50
Time (hr}
a) ASF#01 A%
ASF#03
60
4

Laak.

Time (hry

c) ASF#03 A4

Rainfall (mm)

Discharge (m?/sec)

Rainfall (mm)

Discharge (m¥/sec)

5

N n

ASF#02
.l.____ |
- —=FI=
=
] 5 110 15 20 5 30 35 ap a5 50
Time (hr)
b) ASF#02 A4
ASF#04

5 10 15 20 25 30 35 a0 45 50
Tirme (hry

d) ASF#04 A4

19 3-2-53 | AMIA T STI20812 F$-Ade] A8 me| A
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AP A] 2] ST130618 A4 (4= 133 mm)e 109 Hl%= 34
FN mel@ 374H A9 AEI vl =
U= Aow BoFQdY. FoH WE7|F=3 ASFH1 A1d 1.35 m’

Hg 7

@ STI130618 (2013/06/18 02:00 - 2013/06/19 06:00) %

7S AHE A3}
LS e R

2] A]

ok

e}

/s, ASF#02 A7 1.65 m'/s, ASF#03 A5 1.76 m'/s, ASF#04 A5 193 m'/sW& Aol =

sk
T 3-2-64 | AAIAT STI130618 A-9-A4 w9 ZAx)

_ 10d W% &5 SEEE 7% (m/s)

SRl ATEFE (0/s) — i
TR R Z I o] H

ASF#01 0.55 1.9 2.6 X
ASF#02 0.15 1.8 2.5 X
ASF#03 0.64 2.4 34 X
ASF#04 0.77 2.7 3.8 X
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Rainfall (mm)

Discharge (m?/sec)

Rainfall (mm)

Discharge (m¥/sac)

ASF#01 ASF#02

= 30
E
B
20 E 20
&
[i 4
1
10
’ 1
30 N
30
25
3 25
20 - E
——————————————————————— T 20
Bl e smvemen syt e gmimmetmi smsemiom Wi
=
. @ 15
P 59[5.‘ a pr————
— i
10 3= 10 ‘_.gg
) J\ )
0 oo
(] 5 1 15 20 25 30 35 a0 45 50 0 5 1 15 20 5 30 35 a0 a5 50
Time (hr) Time (hr)

a) ASF#01 A4 b) ASF#02 A A

ASF#03 ASF#04

Rainfall (mm)

a0 4
35 35
o
2
30 -~ 30
L VNS 0 AU P S R S
& 5
it
7]
i 20
(=}
15
10
05
op T
5 10 15
Time (hry Time (hr)

c) ASF#03 A4 d) ASF#04 A3
18 3-2-54 | ARRIA T ST130618 Ao XA meo] A}
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©® ST140817 (2014/08/17 21:00 - 2014/08/20 03:00) 7Z&-F-Abd o] Az}
ST140817 7+ FAHH(F 144 mm)= kA Bt ZF9AMEE vpzzbx =2 1039 Hl=
TrEes RYdta T4 SRER VEs AyE 23, ASFH1 AR 0.70 m'/s, ASF#02 A
A 033 m'/s, ASF#03 A1H 0.85 m'/s, ASF#04 A4 097 m'/s¢] HFETFoFo] YA Ao

=
o, BE AN Fn B FAE 2EEA @ AR RFrh

N

¥ 3-2-65 | AFAIA] T ST130618 74$-AH el 43}
9 NE 55 ERUE E (o
“EL AFFST (/) 1092 B ST SRR IE ()
T B B o] 5
ASF#01 0.70 1.9 2.6 X
ASF#02 0.33 1.8 2.5 X
ASF#03 0.85 2.4 3.4 X
ASF#04 0.97 2.7 3.8 X
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Rainfall {mrm)

Discharge (m*sec

Rainfall {mm)

Discharge (m¥sec)

ASF#01

--—as
—
o 10 20 30 40 50 &80 70 80.
Time (hr)
a) ASF#01 A4
ASF#03
[ ] I ]
p—TY
—
2 10 20 30 4‘3 5;) SID 7(") 80

Time {hr)

c) ASF#03 A A

Rainfall (mm)

Discharge (m?/sec)

Rainfall (mm)

Discharge (m3/sec)

ASF#02

Time {hr)

b) ASF#02 A A

ASF#04

Time {hr}

d) ASF#04 A7

19 3-2-55 | ARRIAI TR ST130618 Z-9-AHde] A3 we] A
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¥ 3-2-66 | FUdAF (AW dHAE

T 2 CiE
(37) AehtE AYE A 399 686-284 A
(317) Aehts A A 399 1084-187 Ao
T HE A A JCF#01 JCF#02
A% 126°4347" 126°43'51"
9% 35°21712" 35°21"05"
A8 EA | F994 (k) 1.33 1.90
&A% (m) 1,559 1,800
ad 54
a3 A 0.22 0.20
o o [AMC- 37.62 30.43
o N |AMC-TI 5895 51.01
E | &4 EA 7
A AMC-TII 7676 7055
3 =2 A] 7H(hr) 2.39 276
7S = A5 H A N
(KMA) 12 (156) A 1960/01 ~ 2015/07
714 54
FFUEL A S
MOLIT) o] (50024020) By 1980/06 ~ 2015/07

d) EXYEE

a9 3-2-57 | FUATF 7E
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fi%e)

b) JCF#01
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K
TE
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(W) AAZ
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=
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F 37267 | AT AAVIE AAGeE (5

r o)
AN
2

d 7]zt

A7+ Ghp 10yr 20yr 30yr S0yr 100yr 200yr
0.0 0.00 0.00 0.00 0.00 0.00 0.00
05 0.29 0.33 0.36 0.39 0.43 0.47
1.0 0.83 0.95 1.02 1.10 1.22 1.34
15 1.30 1.48 1.59 1.73 1.91 2.10
2.0 1.70 1.95 2.09 2.27 2.51 2.75
25 1.99 2.29 2.45 2.66 2.95 3.23
3.0 2.14 2.45 2.63 2.86 3.16 3.47
35 2.41 2.76 2.96 3.22 3.56 3.90
4.0 2.64 3.03 3.25 3.53 3.90 4.27
4.5 2.83 3.25 3.48 3.78 4.18 4.58
5.0 2.83 3.24 3.48 3.78 4.18 4.58
55 2.81 3.22 3.45 3.75 4.15 454
6.0 3.05 3.50 3.76 4.08 4.51 4.95
6.5 3.30 3.78 4.06 441 4.88 5.34
7.0 3.54 4.06 4.36 473 5.24 5.74
75 3.48 3.99 4.28 4.65 5.14 5.64
8.0 3.68 4.22 453 492 5.44 5.96
85 4.15 4.76 511 5.54 6.13 6.72
9.0 4.65 5.33 5.72 6.21 6.86 7.52
95 5.17 5.93 6.36 6.90 7.64 8.37
10.0 5.92 6.79 7.29 7.92 8.76 9.59
105 6.45 7.40 7.94 8.62 9.53 10.45
11.0 6.93 7.95 8.53 9.26 10.24 11.22
115 7.43 8.51 9.14 9.92 10.98 12.03
12.0 7.94 9.10 9.77 10.60 11.73 12.85
125 9.76 11.19 12.01 13.04 14.42 15.80
13.0 9.67 11.09 11.90 12.92 14.29 15.66
135 9.54 10.94 11.74 12.75 14.10 15.45
14.0 9.37 10.75 11.53 12.52 13.85 15.18
145 9.31 10.67 11.45 12.43 13.75 15.07
15.0 9.46 10.84 11.63 12.63 13.97 15.31
155 8.88 10.18 10.93 11.86 13.12 14.38
16.0 8.24 9.45 10.14 11.01 12.18 13.35
16.5 7.55 8.65 9.29 10.08 11.16 12.22
17.0 6.39 7.32 7.86 8.53 9.44 10.34
175 5.26 6.04 6.48 7.03 7.78 8.52
18.0 4.85 5.56 5.97 6.48 7.17 7.85
185 4.40 5.05 542 5.88 6.51 7.13
19.0 3.92 4.50 483 5.24 5.80 6.36
195 2.95 3.39 3.63 3.94 4.36 478
20.0 2.38 2.73 2.93 3.18 3.52 3.85
20.5 2.17 2.49 2.67 2.90 3.20 3.51
21.0 1.94 2.23 2.39 2.60 2.87 3.15
215 1.71 1.96 2.10 2.28 2.52 2.76
22.0 1.45 1.67 1.79 1.94 2.15 2.35
225 1.19 1.36 1.46 1.59 1.76 1.93
23.0 0.91 1.04 1.12 1.22 1.35 1.48
23.5 0.62 0.71 0.76 0.83 0.92 1.00
24.0 0.31 0.36 0.39 0.42 0.46 0.51
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(th) AAGS-ol e T 2o 9 5x dar]e: AA
FAAF 270 Ao A SN = ¥ 3-2-689 19 3-2-599}

= 4
W HlE HFEFHFS 40 m/sE FYHE 20 m'/s,

2ok Al JCF#01 AA el 49 10d Wl

AEE 28 m/s7F EE 7)ol HHY, 20 HE= FoH 25 m/s, AH 2.8 m'/s, b0 Hl %=
= F9H 31 m'/s, AH 44 m'/s, 2008H1 5= FH 41 m'/s, X 57 m/sS HHI|F
o2 AAI AT F JCF#02 A-L & AFolA A=t 109 W% HFITFFo] 43

m/se & FoH= 22 m/s, AEE 3.0 m/s¥ v dHE =2 A5

F 3-2-68 | FAAT AFE/AAVINME T4 FolE 2 FH EHI|E

am JCF#01 JCF#02
Foln B Foln An
10yr 2.0 2.8 2.2 3.0
20yr 2.5 3.5 2.8 3.9
30yr 2.8 3.9 3.2 44
S0yr 3.1 4.4 3.6 5.1
100yr 3.6 5.0 4.3 6.0
200yr 41 5.7 5.0 7.0

JCF#01 12 JCF#02

Discharge (mé/sec)
Discharge (mé/sec)

Boow e o @ W

: S

= i
—

Time (hr} Time (hr)

a) JCF#01 b) JCF#02

29 3-2-59 | FEAT ARH/AAANEE AAFaEF e A
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@D STI100815 (2010/08/15 07:00 - 2010/08/17 06:00) “&--AF4 el 2}

FX T ST100815 A9 X dW 108 HIE S4=S 2ok A3 JCF#01 A 4o
Al 856 m'/s, JCF#02 A|AolA 1049 m'/s¢ HF&F o] dAS Aoz oyt +
ANA BE AR wEr7)|ES 2389 Ed, JCF#01 A-S 2R 2 7)< 2.8 m'/soll B &l
576 m'/s 23}, JCF#02 A dL ZAr 7|2 3.0 m/sol Hste] 749 m'/s =33 ZHo 2
ARSIRS g

¥ 3-2-70 | =LA ST100815 A 2o A}
) 103 W% 24 EREE 7)E (m/s)
A4 AFETFH ('
| TEFE (/) FoR =] Z I o] H
JCF#01 8.56 2.0 2.8 O
JCF#02 10.49 2.2 3.0 @)
” JCF#01 JCF#02

Rainfall (mrm)
Rainfall (mm)
&

ol L l_l__L_

Discharge {m*sec)
T N T T

Discharge (m/sec)

R R et e ettt — —— -
1 JL} UW \
0

(] 10 20 30 40 50 60

Time (hr)

Time {hr)

a) JCF#01 A% b) JCF#02 A%
1% 3-2-60 | FA- ST100815 Z-5-AHde] Axd e A3
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@ ST110708 (2011/07/08 06:00 - 2011/07/11 03:00) 7$-AHd o] Az}
FAA T ST110708 A3l AW 109 HE S4aks Bojsle] T4 Exuty
S AHE A3 JCF#01 A - A 433 m'/s, JCF#02 Aol A 453 m'/se] dFEF
Aste]l T AH BF AR HE7FS 153 m/sTE 2943 Ao molFrh
¥ 3-2-71 | LA ST110708 745-AHd 2o A3
) 109 W% &4 EREE 7|E (m/s)
A= 535 (o
| FE5E (m/s) =om - voln
JCF#01 4.33 2.0 2.8 O
JCF#02 453 2.2 3.0 O
g a desoL S JCF#02
n - —Fo=

Discharge {m*/sec)

W B W @ W @ W

-

Discharga (m?/sec)

n

Time (hry

a) JCF#01 A A

Time{hr)

b) JCF#02 A #

9 3-2-61 | AT STLI0708 A2 A wel A3t
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&

i~

@ ST110809 (2011/08/09 06:00 - 2011/08/09 20:00) 7Z&-F-Abd =o Az}
FAA T ST110809 Aol 4% 7ol 283 mm= A" 5/ Z&5Ad & 4

o] b ®won AeAEE 189 mm/hrZE 7Hd & ZF5-ARgolth STI110809 7--AHd

© 4

10d Hle S57FS Boste] T SRUR V&S AHE A3, JCF#1 A FelA 11.90

m'/s, JCF#02 Aol 15.04 m'/s¢] HFZFFo] HA s}
JCF#01 A1 A& 9.1 m'/s, JCF#02 A& 12.04 m'/s¥HE <]

dom AR ZEv)so] H]F}o]
=

Aol g 1

3E 3-2-72 | A ST110809 ZA-9-AHd &

Lo,

=R

Rainfall (mrm)

Discharge {m*sec)

__ 10d 9% 55 EWSE /= (m/s)
ESE AEEST (m/s) i -
Zon An Z el n
JCF#01 11.90 2.0 2.8 O
JCF#02 15.04 2.2 3.0 O
” JCF#01 - " JCF#02
Time (hry Time {hr)
a) JCF#01 A A b) JCF#02 A

79 3-2-62 | FAAT STI10809 4-5-A4e]l Axa we| 2w
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-
3t

&

@ ST130704 (2013/07/04 17:00 - 2013/07/05 15:00) Z-F-Abd Eo Az}
ST130704 Z- A4 241 mm)e] A3 10d W% S5EFs 2ot g
7l e A3 JCF#01 A3l A 508 m'/s, JCF#02 A 3ol A 5. %
o] A ste] AH e 7|ES 228 m/s, 289 m/sRbE 2 HgE Ao R RO H T

¥ 3-2-73 | 39X ST130704 ZS-AH o] A

Rainfall {mm)

Discharge {m*/sec)

) 10d HI%E &4 ER3ERE 7|F (m'/s)
BEL: AFFSEY (m/s) . -
FolR A8 Z o] 5
JCF#01 5.08 2.0 2.8 @)
JCF#02 5.89 2.2 3.0 @)
w JCF#01 - JCF#02
; /\ _:;; . /\ — =
Time (hry Time {hr)
a) JCF#01 A4 b) JCF#02 A4

19 3-2-63 | AT ST130704 749-AHe] A A9 weol A
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o 3

2.23 m/ 23 JCF#02 A Ao Ax wrE 7|2 3.0 m/sol Hl—é}ﬂ

©® ST130823 (2013/08/23 07:00 - 2013/08/24 21:00) Z+-F-Abd Eo Az}
o ]? ST130823 Z-F-AHel AHd 10d Wle S52s 2Zog 23, JCF#1 A el
el A 516 m/34 HFgado] TAZ Aoz Rorgdr. F
E—‘:r ﬁi B 7lEs A8k, JCFH01 AR AR 27l 2.8 m/soll w8
2

16 m'/s =33 Ao =

Rainfall (mrm)

Discharge {m*sec)

¥ 3-2-74 | LA T ST130823 A4 2o A}
i 108 9% &5 SREE 7|F (m/s)
SRl ATEFF (m/s) — i
TR R Z I o] H
JCF#01 5.03 2.0 2.8 O
JCF#02 5.16 2.2 3.0 O
” JCF#01 - " JCF#02
Time (hry Time {hr)
a) JCF#01 A A b) JCF#02 A

a9 3-2-64 | FIA T ST130823 749-AHAte]l A4 meol Ay}
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5. T LAY o-BEE A HET=

AN AR B %
() AAAH 9B= FrE Aa
Aardel e FUEE BARTE A el G wAE Ard 2y £
olgo AAAZ BAFTHE Aol
AbAbE] w9l Lol Qi el A AR RE, 44

2% 3-2-65 | AbARE] ALl

HAAE 53 AbAbE el 919 "W R 53 Bdd A 2A ARAE sS4
(Heuristic ~ analysis), ®741% &4 71% (Statistical analysis), AA&% A} 7Y
(Deterministic analysis)©2 T2 4 v A4 4 71H AA A dFARE
ZIRbo 2 she] WA gRle] 1914 THSAE Folste WHoR AA AFAAA &G T3l
AEALE @A B A ' A o] FE L Itk o] W Zhg A g Aydo] Aojd
T Ron dhabe B A wAYSZS wdsty] offHube dRo]l AR Fe ]
A AbALE] EARATES A S IS o due Aol o EAA siA VIS A el
Hal fFALsAl AA AbAbE] @Rl 7] Fstke] B el Wik daAAAE A4 71H
o2 Aty Abd HAS s SgER AT FADALAT LA FHF AL
BAfa] oS R ARVE e A1 e A AT A= o] VIS Ve R
AR SR RE AlFETh o] W Al ALY A ] EE A wAYSS wdstr] o
e, o]t A AL B RS SAA 54S wrdete A S AHEs] o

ol B A gellM o] A4 HgoA AE 7RI
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3% 3-2-75 | 2 1A 37 2 A ESTIHY FR< 54 (Wang et al., 2005)
T " Scale of use
ari’ﬁe s(i)s Technique recommended Advantages Disadvantages
v Regional |Medium| Large
The degree of hazard is | The length of
determined rapidly after operations
L the fieldwork on the involved.
.. Qualititative . . .
Heuristic basis of a detailed The problem if
. map Yes Yes No . L.
analysis .. geomorphological map | subjectivity in
combination . ; L.
taking into account a attributing
large number of factors weighted
as attribute database. values.
Bivariate To map out in detail the
statistical No Yes No occurrence of past o
analysis landslides. Difficult to
prepare data.

o To collect sufficient UnFler no
Statistical information on the consideration
analysis | Vyltivariate Restrict variables that are of trigger

statistical No Yes ed |considered to be relevant factor..]g.st
analysis use to the occurrence of susceptibility
landslides. Objective in | assessment.
methodology.
To permit quantitative
fi f;
Sa etyl a.ctor No No Yes factor of safety to be Data
analysis calculated. requirements
for
External existing models| {eterministic
o can be used without |podels can be
li)cetaerrl ;rlur;zt B losing. time in prohibitive,
y Probability progrgmmmg th model | g frequently
of No No Yes algorithms in a GIS. it is
failure Encourage investigation impossible to
and measurement of acquire the
geotechnical parameters input data.
in details.

Bolnkgle] AN E Hlas] AN B AnE B Svtel glon] A@H oA
FAA 7IHES &8 Furel gle AV S F Ao i 3-2-75¢ ARAME f1@A #HUt
2 oS g R 54 aoFd Aolth AR, FAN AN M} de AFEA o
A7 AkArE e dEE -9 d dAecle] AEges 1Edt g ss o83ty
GIS 719t -2 - A0 JHE &&3to] AALE 18 H7F 2 o Sof] &8ET) FHL
GIS % Remote sensing 719 Wlo] mel oo A= o] WS o]&sto] theFst AkA}
B A 2y P Ajxagle] siEE I Q. Fejo A AdE RES thge i 3-2-300 &

o}stsit.

- 244 -



¥ 3-2-76 | 814 7|vte] AGE2A A el YEsd] B8 (Safaei et al., 2008)

Model Description Developer Year
CHASM Combined Hydrology And Stability Model Anderson/Lloyd 1991
LISA Level 1 Stability Analysis Hammond et al. 1992
SHALSTAB Shallow Landsliding Stability Model Montgomery/Dietrich | 1994
SMORPH Slope MORPHology Shaw and Johnson 1995
Distributed Shallow Landslide Model /
dSLAM/IDSSM Integrated Dynamic Slope Stability Shallow Wu and Sidle 1997
Landslide Model
SINMAP Stability Index Mapping Pack et al. 1998
SHETRAN System Hydrology European TRANsport Ewen et al. 2000
The Transient Rainfall Infiltration and Grid
TRIGRS ) . Iverson 2000
based Regional Slope-stability
PROBability of STABIlity PCRaster GIS
PROBSTAB Van Beek 2002
package
PISA Probabilistic infinite slope analysis Haneberg 2004

(Saturated Unsaturated Simulation for Hill )
SUSHI . Capparelli et al. 2006
slope Instability) model

combines the hydrological distributed model
GEOtop-FS GEOtop and an infinite slope geotechnical Simoni et al. 2008

model

olelg mEe B Belolx A BAASHE Woshe mdolth & B9 Wl
A gE e AAbe wAZbsgel & A9e AR BAsE ¥ f8% mdolth of
FAA AR ma FolM AA T AA Agel thete] AEF 5 AEE THE A
sele AR e AbALE AR R e,

(2) ARALE) A WA 228 (2 )

of AzdelAE 1 7

EFTEAHAZADIE I8 G BT A3RE AT

SAS) AbAbE] wAole RAANE EoE B U NE Fe EFFFAFD 2
-

I
N
N
o
=
)
-3
o
f
it
mE
>
_o|£
o M
pass
v

ol &

S~

)

ekl Al A= A=g
7= 1987~20079 9] 7~99 WA RS Fe] FEES o] gale] 47 Yoo
A9 600~1,100 mm, 2¥: 550~900 mm, 3¥: 650~850 mm, 47 : 5

Qe FAGR 199), WALF VYD), HALF GADR FRa oL PR
51209 09 F A4%Ael AR o) A9e Baeel 3 10 Agoz FEaart
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Database of Unsaturated Soil Properties

Laboratory & In-site test

v
I I

Hydro properties Mechanical properties

J 1

., z’
.

Analysis of Unsaturated Infinite Slope

Equation of one-dimensional infiltration = Slope stability - Rainfall

equation for

Equation of shear strength B “ Slope soil depth

unsaturated

Suction profile in unsaturated soil ™| infinite slopes [* Slope angle

|
R

Factor of safety variation with rainfall

1

-
o
ot

Warning/Alarm

9 3-2-69 | ol wmE AR A o F 2

S e AEREe o) gl AAE uhsh ol Aol BHUIHE o g 3
oA} el e Bate] Aol b el Wstel weh AAlE WA beAS oS
Aotk o2 9ASAE U Abdel BTN gl o

g A% AR} FEHH Yol
g @4 = Qolok Bk B a7

g ] H 5o & &34 (wetting front)e] &y} 23}
the] dA oz ¢l&te] WAlElY (Fredlund and Rahardjo, 1995) ¥ 3tE ¢ &9 (suction
pressure) W3}7} AFHOl oA BE JgS v X = Zow dEA Yrh EXIE F

Frde magsen AREFYor TRAY AEEFYL fAle FEA oA
Bk FFYOR FAF BY A% FAT # dvh v BraEe F48 (S

714 (u)? Fd(u,)e 2D BZHAEFE (v, —u,)@ FdstH 2AHT5H] (volumetric
water content)?} YA o AV AHIH oE HxI

(Soil-water characteristic curve, SWCC)o]g}st™ & d =
o]t} Van Genuchten (1980)& Al 719 wi/MWFE A&t 43 e 5-EA] T
Ar e AgrstR o b5 2o
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0= [7] (2-16)
1+ (agp)"

=
3559 (kPa)

a: F71FPA e} BHE FHAYEHS

m E> BEAEFTY AedA F4 Ve e ddE SAsEHs
(=1—1/n)

nt FFEATAY] MaoA VlE7]e dEE SAsEHs

F$-o

gl mhe AW E3Re LHUEES ] fdME dAY FFolRo] HgH e
YEAQ A4 AR EORE Darcy®] WAl Qor], F% A AWNE FFFE B 1
A9 A4EE  (FEWP) M= MEn g TANES AgsE e

Green&Ampt Method (Green and Ampt, 1911), Wetting Band Method (Lumb, 1962),
Pradel&Raad Method (Pradel and Raad, 1993), Mein&Larson Method (Mein and Larson,
1973) 5°] At} Green&Ampt Z@2 F & ¥3H B Eo & U3 =84l
SEAES SR oY 7HA] 7HE e =Yete] BXE3E Autel e HAF EES AAEA S
H e HES o] WHE vE o R stal AR IFFS AAbstr] skl A4 &
AEES 7MA st AFE3aL 9tk Chu et al. (2005)& Green and Ampt =98 vper o
o] e Fog A Awre] HAY A7 WE wo A AFE BEAY F U B

T
LS At

f

Zo=0
K
Z;
)
Z;
Wetting front Hy=-Z-h,
K1 * H=the hydraulic head

z * Z=depth
n1 . K = permeability
* hy=the pressure head (suction)

a9 3-2-70 | th=Awr YR HFol2 (Chu et al, 2005)

9 age Agte AT mae AW 27 UEd AR HE 5 (ponding) HolE
SERA R JbsE AR A9 fEo] goldhy] Wi AwHon wAA WY B
of e AT FUAgel WAT Aok WA e FF o] AN AL o
NN ASAEE [ Awe] ARSS fha W 4% w4 F oo FoAY RE o)
2
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@O I=f 4 7% (Surface ponding case)
FaAdel n ¥ S TS A (Z_,<z<Z) ARt AFEE g2 2o
Z_,_wmf
J. =5 7 _—7 =7 (2-17)

n—1
F; :FZ +(Z ZTL_l)Aef = E(ZJ_ZJ—l)AGJ—i_(Z_Zn—l)Aen (2_18)
n—1 j=1
0] Z A Axeted At AR Bed g
Aen
tz :tn71 +7ﬂ(2’ Zn*l)—i_ (2_19)
n—1 z+
oS S e
Jj=1 'K; f(jJFl K;l Zn*l_l_(l/]mfn

@ I<f 4 4% (Non—ponding case)

=
A% o] HASHA ¢S AG ARy HE TS AR ety A 2T AR
o 2 HEF3tY piston flowE A g},
7, = (2-20)
t
FZ—FZJL/ idt (2-21)
tn*l
E_FZ,I
N +Z _, (2-22)

Morel-Seytoux et al. (1996)2 Van Genuchen®| $r<FEA 428 o] &3] HFH A0

M EAEFTFY (4, A e 2ol A
0.046m +2.07m> +19.5m°
wmf: = - 2 = (2_23)
a(l+4.7m+16m?)

o171 A,

by FEAR A BaEE (kPa)
SE

a, m . Van Genuchen9| &
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(2-25)

TS = C’ + O', tan¢’ + (Uu - uu/)tan¢b

SEEERE

’

o .

ol

Hr

ol

ol
B
W
ol

W

o

_EH

(Vanapalli et al., 1996).

(2-26)

O[(u, —u,)tang’|

(u, —u, )tang,

o] (uu—u,uy,)og‘ u] o] A3 A] A 8F=n)

8 Aol A <]

u
=2

2} 4]

(2-27)

F =

¢’ +o'tang” + (u, —u, )tang’ O
T

3 2,

Kol
=]

gow e o

A 2-2DS BaE

(2-28)

7]

1
1+ (a

¢’ +a'tan¢' +1/Jtan¢)'(

}7;:

=
=

(3) HFormAs AA dERAI~E

7] 7F-$-of B2}
9z AFEE 2

W A7 R &Ko

]

AT EE

o ol

9

s

s

AL o34 "ok aea ) A

=
[€)

el 7

o
A&

tol ababel 7bs

[

R

A

o 1A 2 ¥o] 2
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72 Al REAH sl 2 hrls L hr 05 2 hr 01 %

Nzt #@e ANz "= Nz e

LSRE@S U o) Ohr —mm ] (Ohr __mmj (Ohe ——mmy
= 1 hr rm 1hr mm 1hr mm !

7 2hr  mm | |2 hr mm | |2hr mm

: Jhr mrm 3 hr rmm 3 hr mim

2o oE &Sl 4 hr mm 4 hr mm 4 hr mrm
— 5hr mrm 5 hr rmm 5hr rmim ol

~ 6 hr mim 6 hr mm 6 hr mim

SELALD OFE S 7 hr (aaleg 7 hr mm 7 hr hleg

& hr A 8 hr mm 8 hr A

w:v g hr mm 9 hr mm 9 hr mm

10hr  mm 10 hr mm 10hr  mm

gk 11hr mm 11 hr rmm 11hr mm

12hr  mm 12 hr mm 12hr  mm

= otA S S (Factor of Safery) Folz &% Ho| ths) &

GEH o R e grolth webA oo E= 1.0 ol

AoJ Al Qb go] 3|8t & (Allowable Factor of

i = At AAAF g &

Mottt s8R &S AR B g yu(F=d5, 3t
] m .

= &2 o= Adst= 7lse o
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F 3-2-78 | AAEAE vEgd AV (S REILEE)

T 7)Ed A& I

A7 F,>1.5 o A3kt 9l Ae® 3y
o AT E AAste] s A @ AvkzAA Y, A Y
20 2 ez 58 FTHor udste Astee] 24

4
AN A (F,>1.3 48)

°o E’]’TH’E 7121 A3 H&
A Z Fo>1.1 (A RAATE ARG AQAF9A45 0
Uz 155 7159 844 148

ATl g st AAAE A e Ao 919 EL adE 4§
s Aol aiAE oldol e F ot ¥ Ak o AR AsYS FEHSD AUk
Q1 7|ES Hgstel BHYYL WESE RoBE Y9 /1ES A8aE o] A AT
o BhAgel EAE 9% Ao BEUSGh M 194 dn(FeR)E Haso] 129]
/b sl wgste Row sy

4ol S5 b ol 10 olst HW Aol St AL oJusAN ARE
A& 10 ol NE 54 g FE Q3 AR 10 ol gel A% s & vk A
o BaaAa 4EUS 2 e BAAYS N Avelth e HAE 10E AW
o shaleln B APsHE FaW AXolth Wt 207 oui AW B orjse o
A& 109 2HATE AnE dgo] Ll mashd BysE Ao sdark B ATl
A A gE AAAE ) FAE whE ur)FEe e 2t

= 1A JE(FEE)  AAHe s
= 2WHA AR (F H) @ APEe] fHHdEo] 1.1 o] 8}

(2) 71271 AA o )8 abe Bu)E

AARCZ Be vhebol A ARALE o Zn % RUHY A2Re $9 Folth o] et A
s 54 3B A5 BE d3shel o-3uE WA sed A4 e 204 A
o] thste] Michoud 5(2013)0] el whel ]shel of 1870 Al2=lo] AbHe] WFL A
3 Qow] 147) Azsslo] Z4-(weather)E AZalo] Azwle] B .

A\
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Fukuzono(1990)
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¥ 32779 | AMH WY wE AH S5 o (Emergency Preparedness Centre in
Stranda, Norway, modified from Blikra et al., 2007)

Velvetay Alarm level Activities and alarms
(mm/day)
0.1-0.5 Level 1 . Gr.een Minor seasonal variations No alarm

Normal situation

Important seasonal fluctuations for individual
Level 2 - Blue .
0.5-2 Awareness and multiple sensors
n Values<excess thresholds for Level 2

I ispl loci

Lovel 3 - Yellow ncreased disp a'cer'ne.nt velocity, seen on

2-5 Increase aAWAreness several individual sensors
Values<excess thresholds for Level 3

Level 4 - Orange Acceleration in displacement velocity

5-10 Hich hazard observed on multiple sensors
g Values<excess thresholds for Level 4
<10 Level 5 - Red Further acceleration
Critical situation Values >excess thresholds for Level 4
E 3-2-79% Al ¥y S £5 (mm/day) /IHo= YEUSS of AR dAERE 4
4H o & YEhdT Terzaghi (1950)= AFAFEIZF A &4 Q) b &9 AA=E e o]
o A%H9l Aol Wde] sl thgel 1y go] AW Utk F, Alwel g

A% LE-MHPe Ao Har)

?"‘a

&

&

b 20

E landslide
J—— -— !

s \ duration

& 1.0}

= T

Time

YY

Jailure
initiation

landslide ___

duration

Downhill Slope Displacement

A J

1 3-2-75 | b & Wistel] w2 A o] ¢ (Terzaghi, 1950)
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29 3-2-78 | WEAT AWA 2 Agzat
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=74 7k
H| & 2.71
B EA At A &1 17.2
F T FHEN/m’) 186
a 0.0246
m 0.3209
a0 1.4725
I 0,(%) 26.00
6,(%) 41,50
¥, /(cm) 86.93
K (cm/hr) 0.71
BE = e zE(kla) 14.2
a2z °) 20.5
A @A AP Z1& 7] ( °) 24
AP E A (ecm) 300
et A 9k AgAF= AFSF AFR 2 TAS HEsdn. A9 20139 7Y
139 01A1H-E 2013 79 169 24A17bA] 2 A 492 Hu A9 42 mm/hro] &

Bt

= BFiem)

4.5
4.0
3.5
3.0
2.5
2.0
1.5
1.0
0.5

2013/07/13 01:00
~ 2013/07/16 24:00

Al ZHhr)
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(W) HE

teo age v

A7 Ao g Ao Holm

1.3
1.7
LG
1.5
1.4
1.3

2 H E(Fs)

1.2
1.1
10
0.9
0.8

W oo Ao ahe o
A-e) 7457}
O %

Soil 1

Bed

rock

fu
¢

=0
o

=142 kPa
$=20.5©
14=15.90 kPa

F5=1.70

300cm

19 3-2-81 | tHskA T AbE e SHd &

— A J|F=2.8m

0.5 10 15 20 25 3.0

19 3-2-82 | tHEkA o] ESHA = zlole whE bdE W3

o] e
$7} W As)l
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- e AH
- Driver: GRIB/GRIdded Binary (.grb)

- Size is 602, 781
- Coordinate System is:
PROJCS["unnamed”,
GEOGCSI["Coordinate System imported from GRIB file”,
DATUMI["unknown”,
SPHEROID["Sphere”,6371229,011,

PRIMEM["Greenwich” 0],

UNIT["degree”,0.0174532925199433]],
PROJECTIONI["Lambert_Conformal_Conic_2SP"],
PARAMETER/"standard_parallel_1",30],
PARAMETER/"standard_parallel_2",60],

PARAMETER["latitude_of origin”,38],
PARAMETER["central_meridian”,126],
PARAMETER/["false_easting” 0],
PARAMETER/["false_northing”,0]]
Origin = (-388728.892353164672386,553886.033706998336129)
Pixel Size = (1500.000000000000000,-1500.000000000000000)
Corner Coordinates:
Upper Left ( -388728.892, 553886.034) (121d 3’ 0.65"E, 43d 1'29.30"N)
Lower Left ( -388728.892, -617613.966) (121d49'36.52"E, 32d14'59.00"N)
Upper Right ( 514271.108, 553886.034) (132d32'31.74"E, 42d56'27.84"N)
Lower Right ( 514271.108, -617613.966) (131d31" 1.92"E, 32d10'50.99"N)
Center ( 62771.108, -31863.966) (126d43'55.24"E, 37d42'11.75"N)
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A5 AR 54 (000 el 799

Band 8 Block=602x1 Type=Float64, ColorInterp=Undefined

Description = -10[-] SFC="Ground or water surface”
NoData Value=9999
Metadata:

GRIB_COMMENT=Large scale precipitation [kg/(m"2)]
GRIB_ELEMENT=NCPCP
GRIB_FORECAST_SECONDS=-3600 sec
GRIB_REF_TIME= 1433030400 sec UTC
GRIB_SHORT_NAME=-10-SFC
GRIB_UNIT=[kg/(m"2)]

GRIB_VALID_TIME= 1433030400 sec UTC
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(th dlolg A7 2% 7134a 5 dEs A% Al A7

& 3-3-12 | SITE (dEE™ @ A HAKR)

e &4 A5 F 57 e R
LON A= DOUBLE(10,6) PK A e A=
LAT 9= DOUBLE(10,6) PK -9 9=
SITE_NM ke VARCHAR(20) Ao A
SITE_CLASS A -+ CHAR(1) A 79, 71=71 54
SITE_CD A= VARCHAR(10) A8 Aer 2=
DISCHARGE_ | E2As &5 = =
S X 7|+
WARNING Aqn 7= DOUBLE(6,2) F 4 1A
DISCHARGE_ | =28 &4 5 A .
g H 7E
ALERT An 7= DOUBLE(6,2) T A 1A
ANDSLIDE A
LAN _ R .
FA ARA 7l &
WARNING ) };H;]E DOUBLE(6,2) Fel B 7]EX
kA 8
LANDSLIDE-A T pbe) 29 | DOUBLE®2) AALE B 7)E A
LERT =

¥ 3-3-13 | SITE_UM_PRCP (I EH : A3 1A7F 244 H)

dc=o 2245 A5y F R &84
LON Aw DOUBLE(10,6) | PK Ao A=
LAT Q= DOUBLE(10,6) | PK A e f=
FCT_TIME of ZA] 7t DATETIME PK A S AT
PRCP A DOUBLE(6,2) o 1A A5
NORAIN_HOUR | 8] 72 & A] 71 INT(10) H] A4 A AR
ACC_PRCP TV DOUBLE(6,2) HJ] j;’j : ﬁ 72(}4;];‘;}
0.1 Azt A =]

DISCHARGE A FFAR DOUBLE(6,2)

DISCHARGE_A | Azt 34

i A28 5 919 v
LERT_LEVEL B TINYINT | g !
Al 7 01 A7F AAbE] o]
LANDSLIDE AR A B DOUBLE(6,2) gl 264
LANDSLIDE_A Al 7bE AFALE _
— - I I A Z_]__}jaa }1\_/\ o a‘_j %
LERT_LEVEL SR TINYINT 1A .
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FCT_TIME &A= DATETIME PK T oS dAE
DISCHARGE T4 dSH DOUBLE(6,2) 0.1 AlZre] Z5= o=k
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LON Ax DOUBLE(10,6) PK Aol Ar
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ANSIM

ANti-visk System of abrupt hazards as an Integrated Model

19 3-3-20 | 3l ofo]= a9 3-3-21 | =2Z YA olH A

2~ulEE §1o) ofo]Ze NS WP o R s, AALEIY AFE AZEE F e o]n|
A g ol gt BHATE 2ZYA oA = ASZAGE AMo R da SEHS 34
o d aTtHel NS W ofol2 R Axw oge] oka, A2y o]FS EAUR
Hj 2| skt ~utEE o] Hojolxe AF P AHE RESe Ay FE, AFSA A Al
7Y FQ ARE FFeE Adx RE FQ 75ond oFS @ieE vl vy RE
o2 AA vtk GPS, VENA 9 7 277F A& AS dgFite] Mol Aa A
o Azt A= FEe ARG A vl vl EE A B vire] wheh e gt
= AR7E 2F9h

, ANt-risk System of abrupt hazards as an Integrated Mode!
ystem p g = -Tic
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7145 s o Suys e |]-|| OI_I |]-||1T—r _|?|__|="_
.

g 3-3-22 | f #Heoloks-

- 313 -



3 3-3-18 | o- B 1 An] 2= ofo]F

ofol o]u] A

AR

E
¢
Y
_9

- 314 -



3 3-3-19 | s Aoyl shd)

s} g el skd
e e
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Create a topegraphic profile
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559 How to make a topographic profile?
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670 1. Reset
. 2. Find your area of interest on the map
460 3. Select the cursor min. 2 points (max_300)
650 4 Ready — site profile will be generated in
540 seconds )
a. Embed the chart on your site
630 b. Copy and save the link to the chart
¢ Add the route to the map
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GEOCONTEXT-PROFILER
Create a topographic profile
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