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ABSTRACT

Abstract

Keywords: rainwater harvesting, rainwater/stormwater management. smart decision and

operation
1. Purpose of the research

In recent years, due to climate change, the number of heavy rainfall has increased
dramatically. Also with the rapid development of urbanization, the impervious area due
to buildings and roads construction has been continuously expanded which leads to
increase urban stormwater discharge and frequent flooding. In face of the uncertainty
of future climate change and urbanization development, many studies at domestic and
abroad have tried to find the solutions and related policies to solve the urban stormwater
problems.

With the issue of Article 4-3 in the Architectural Design and Construction section
of Building Technical Regulations in 2013, which requires rainwater harvesting
systems should be installed in newly, expanded and renovated buildings in urban areas.
All local governments have set up their local requirements for rainwater detention
volume required and minimum allowable discharge according to the standard released
by the central government. Therefore, a large number of rainwater storage facilities
have been constructed in recent years in various counties. Traditionally, rainwater
detention storage facilities are operated based on mechanical mechanism with initial
and terminated water levels in the detention storage facilities. They can’t be operated
based on real time rainfall distribution. Therefore, effectiveness of stormwater
mitigation can’t be obtained and time duration of pumping period can’t be reduced.
Also, no information about current status of those system installed is known after the
rainwater detention storage facilities having constructed. To promote the effectiveness
and ensure the continuing operation of those systems, further research is needed. The

Vi



AEA KPR T LT A F I S REF Y

purpose of this research is to solve those problems by installing smart monitoring
system in rainwater detention facilities using smart IOT (Internet of Things) technology.

This research project lasts for ten months period. Based on the requirements of
research, this research project primary investigates and sets up the smart rainwater
management platform, information communication and connection technology and
system testing. To ensure the function of the system and testing procedures, a physical
model in laboratory will be set up. In setting up this physical model, planning and
design, hardware and software required have been assessed and evaluated. With this
physical model, the system performance and major parameters had been tested. The
results obtained in this research will provide as an important reference for field

application in the future.
2. Methodology and procedures

Seven items are required in the research and are listed and explained as followings:

® Collect and analyze the existed cases using IoT communication systems
application in both domestic and foreign countries and theirs related software
used in rainwater detention facilities operation.

® Planning and designing relative software and hardware required for smart IOT
monitoring and operation system.

® Compose and develop the operation software required.

® Select the hardware required and connect to smart rainwater operation in smart
rainwater management system.

® Connect smart rainwater management platform with information communication
technology and integrated system testing.

®  With monitoring data and results of rainwater operation system to verify the smart
rainwater management and operation model and modification of key parameters.

® Smart rainwater management system testing, evaluation, and propose the future

application and requirements.

IX
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3.  Major findings

This research had collected and analyzed the existed projects for rainwater
/stormwater harvesting and management in domestic. Those projects showed that the
operation mechanism (initial and terminated water level) of rainwater/stormwater
management were mostly base on the rainfall forecast by the Central Whether Bureau.
The operation of those systems mostly relied on human resources. Operation policies
for those systems have reduced the effectiveness of those systems and increased the
time period of pumping which will increase the energy consumption. The time of
pumping will overlap with the peak time of rainfall. This will increase the volume of
flood flow at the downstream. Also, no information about the system during pumping
period and malfunction of the system were known.

This research had set up a physical model with monitoring system including
hardware and software to verify the feasibility of smart rainwater management system.
Once the function of the system is good, this system will be applied to the field with
rainwater storage facility in the future. In the testing, different time interval of the
operation had been selected to examine flood volume reduction, energy consumption
reduction and the major parameters. The results showed that the smart rainwater
management system can effectively reduce the flood volume and the time period needed
for pumping during the rainfall period. The anticipated goal of the smart rainwater
management system can be reached. This system can be applied to smart rainwater

management in the future.
4. Major recommendation items

Through this research, following recommendations are made for immediate to short-

term and long-term period:

Recommendation 1

Establishment of building-scale smart rainwater management system and carry on field

X
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test: immediate to short-term
Organizer: Architecture and Building Research Institute, MOI
Co-organizer: Construction and Planning Agency, MOL.

Local governments
This research has successfully developed the smart rainwater management model using
physical model. This model can forecast inflow for rainwater discharge operation and
promote rainwater storage capacity and reduce the volume of surface runoff. In the
following, further research is needed to apply this system in the field for the buildings
with rainwater storage detention system. Also field test is required to improve the
accuracy of smart rainwater management system in flood mitigation. This system can
increase the self-defense capacity in the rainwater/stormwater management in the
immediate to short-term. This model can also be applied and used in the scale of

community, district a/o urban to reduce the flooding damage in the urban areas.

Recommendation 2

Establishment of community-scale a/o regional-scale smart rainwater management
system: short- to long-term
Organizer: Architecture and Building Research Institute, MOI
Co-organizer: Construction and Planning Agency, MOL

Local governments
For short- to long-term, the communication technology, cloud-based data operation, big
data analysis and rainfall forecasting technology should be integrated to establish a
smart rainwater management system to increase the capacity of flood mitigation and
increase the benefits of this system. In the beginning, this system can be applied in a
building scale, then community scale and district scale and finally to the urban scale.
Finally, this system will become part of flood mitigation system in the urban areas. It
will also provide as a reference for local governments in initiating flood mitigation
policy and regulations.
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AR G TR R drd 32 # A o

3 3-2 TER MM ES N

ARED | mEP |k TRRI N AR R
= %‘ 1 v Vforecast =cX Iforecast XAXT
%2 v Vforecast = Qforecast X T
] "7,% 3 \/ \/ Vforecast = AS X [h(t) - h(t - 1)] + Qout

(FHRXB: 2333 5%)

BB A R RIRAEEY T 0T U RRPTRET A S 2
Rl raEPFTH

L

B ETOTEEATRL S PR e A KL BR RS £

¥

F_‘-
T

SRAN R TR L RITRE S n £ AT S0 AR S A KO A
it 7 g RO R
Vforecast =cX Iforecast XAXt G.1

Jue

Vforecast AR ﬁﬁgﬁ (m3) ;
c TN ik

Iforecast s TER * 7% 2 'E_(mm) ;
A ARG ()

T : 3 (TPFEE -
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AEACRRTE AT D & 5 g 102 F R g

&%ﬁﬁEﬁ¢ﬁﬁﬁﬁi%ﬁ?@%&ﬁiﬁ’uﬁﬁﬁﬂﬁgﬁW&%,
APET S F L gk T BRI AN e oh B 0 8 ol S AR et oo e g
HEREFEEHRT BRG 23X EpHRE -

Vorecast = Qrorecast X t (3.2)

X

Veorecast - > % » indff (m?)

Qforecast * * % » i & (m’/min) ;

T: 3 (EpFEE o

% 3. ﬁﬁ%]\x 3t ?“f

PR REREMEE IS+ R SRR P (PR 3.k S S
R ff 105 TR B TR 0 M SRR 2 R0 R TR 2 R T

EE S AR REFERSPAREIBRAORET A2 FE R L 0 F VAR

-

FREGEVEPMET A TEEER D KK S AL AHRF -
Vrorecast = As X [h(t) = h(t = )] + Qous (3.3)
Se
Vrorecast * * % » i &4k (m’) ;
Ag t R KEF B F R G (m)
h(t) © & = FF%]2_-K = (m) ;
h(t-1) © % — PE%] 2 oK f=(m) ;

Qout -+ i H8FR (m’) o
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2. GTRHEAGFLFEA]NERIPMA F
At g rraE 2 2 P ARsN (43516 Matlab B (T HAMIETD 0 P hE K L L
BAEIT 2 20 (a3 k2 FEad  E R TE e i g e
TR KPR AP R R AT IR R T - KRR o R
ﬁﬁﬁﬂT*%ﬂiﬁiﬁ%%ﬁ%ﬁi**%ﬁ@$ﬁﬁﬁﬂ%i@%ﬂﬁg
PR TR T LT - pER AT RS R AT K R B PBF iR
oo 4oB 397 & oo

F 45 T8 IR 3R ED - - B AOR (B) 8

S Ak EEEHZERB

MEEAHEREE
KEIR

W3-9 FER-KEFE SR B FREN22E
(FHRRB: 235FT %)

(1) FE RIS 22 o A

BRI EE AT E DS EERFHRAFET AR SER TR
RFpHPEDI NP FTHEEZTE T A PTHE A R P T (e BT ER S
PREE) A kP k B IT R E S a R T AR A FE TR
RGBT FEV OEE O aF R ok o BRI K A Ac @] 3-10 froT
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[T 442 (t=0)

A 4

v v v

Vforecast=C*lforecast’A*T Vforecast=Qforecast*T Viorecast=As [h(t)-h(t-1)]+Qout

FRAE 5 [ R R R 22 1]
Vallow=As [hmax-h(t)]

t=t+1
Viorecast : TEHI A Skt
—NO Vallow > Vforecast Valiow : #%#87 Pé:"“f*:
- E == A=
¢ EARE

|forecast TEHIFETR £
YES Qforecast : TEHI
r v A SR
As : fEHEE %
B e T : ¥EIFEE
HEATHERURIE i IR HERURE PrresaR

3 10%' ] J\??ﬁ'r ,:“ st Matlab ; PR Y ﬁ .‘}#IF”,L
(FH *R ﬂ‘i*i‘}'*)

AP GBS TR FIER o HIRG A P RFEIRE 1982 & &

AdE RS P gy T g 4 h- K %~ T The Control Problems of Grey
Systems | #74% 41 > § PFif L P RML 8 TERIFAE B AT T PR M2 R A
FIEIERD F > RFRMF AP P RAF A BEFEARLEESGIRE &
* LA K Bk fI BBR 5 R - R L Bl
Mk B2 FI R Sed b AR J/#ﬂﬂx:}» E W & “:}Flg;;j%ﬁ WL A S AR R

AN S EE - AT R A B S IR RIER Fla g
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ESCI- S-S SN A S N £ A N A S B - AETR- - S 21| AN A S

AL R 2P A A A AR E 2 B 3R EHEAIPN R LT T

i
_F‘\’f“.
2
B
S

TR ket PR AR ALE R E ST FE ok

v

Rd TR P ARE TR A RS 0 AW

I. % 2 =(Grey Generating)
B kA A A R A A E A A L E A SRS MRy
SRR R e Bclp P Mo AR R ELA R R @ BRI E 7 B A

ks> RAME T REFER N BT 0V UFREFSRE

Il. 4 B 2% & 47 (Grey Relational Analysis)
Fit pap BEFF oI MG HIEB LRI RNELF]F > 25

S 5 L § o B o

Il. % 2% #(Grey Model Construction)
Bl A N2 pE s 3 A 3] 4o GM(1 0 1) ~ GM(1 > N) »

GM(0 > N)% » & Flent & A7 A4 2 B3 L 3] ~ @R 3]~ FRIA -

IV. 7 3f B|(Grey Prediction)
12 GM(1 > DB 5 A A IR A ko B 7R o

V. % i+ K (Grey Decision)
PR RN F IR G Rk o K GM( > D)L PE
Pk b RJRAFE RS AR A G AT REER S A d IR

SXE L TER

VI. A ##1(Grey Control)
%188 ST S chlicdy 0 2 2R K (T S A d A £ RSERIE
s ks> D S PSS Nk A A
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3 F 4 £:F* L 4 38 p|(Grey Prediction)Af 3 BRI F % seauE
MESR AL KRHRDLAE ) TF B NMATER A Z 2 2 TELE |G

Mesm = A 0 iF 2 A o

B B SR Y deifAY SR TR WO TR E B
GAEEFSFFERF IR G AT ERARBAY G TSP 5 E2
FlF ek T A 30§ R IR 2k B nF] S R SRR AR HHRO S s
¢ IWHIER T GM(1 > DA T 53ER 0 B9 8- B 1 47— Fles > 5= B
1 70— BHEELFF A3 GM(1 > DEAIE 2 higRIAL 5 4 ¢ FFR) 0 PEA 4o
Bl 3-11 7 R o

it
>
N~

<

I

m

ben =
St >~
\

AN

—
A 4

W3- 11 % & a7 &
(FHR Xk 2F %)

Qe
%%
m
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B
Bhud
g

‘3{
Etn
%

il

b
-

R NTEE T

MERRES SRR Bl Y GM(1 D A RFLFERL R

2=

PR BT G HE Y chdh BOBRg A PR onpE I BEE T oh- FAIERD R AE
FA BRI E S E RS2 EL AR ¥ PR H Rl v A
AT P TGP TREFHEY AR LB PPEED KL
R e i
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HI. % & X IpR
—E2 P REEEFI gL O T AR VBB OERESOIERD &
FRABFE oA PR LT EF S B NG E R & L
IR SRR S SR RS SRR RS S SERE RRIEL S
ol e

IV. 335 R
e bR R E B Al A R IR R T A R
Pl LA KPR 2 R ERPFRERF SR BRI S H
R AORF IR A KR T kA e

V. kB3R
dp 7 BT EA 2 kg B AERD B E GM(1 ) DHECE e GM(1 0 N)
2B F)FeEIER o Rgpa MG o

(3) fale 4

W

hod SERIEA D MAE R e d F 2 A A S AR R H &

\\\?{r

ki
URIRE ST o

I. 22 B 4c 4 = #c 7| (Accumulate Generating Operation » AGO)

XK F R4l 5 kEFH A ZFRFFRLLE LR A E
Hz A FRPE 0 £ AT
xOK) = @ 1), x@(2),x@(3) ... .. xO(k)) (3. 4)
- EZ A A 2 EII (DO R
xD () = x® (1), x®(2), xD(2) ... . xD (1) (3.5)
D=3 _ xO (3. 6)
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AEA KPR T LT A F I S REF Y
[ R 2 2
R R 5 GM(LL1) S I R Y A M R I

F- BHEE & GM(L1)E & - FEdcs - B R 2 AR o GM(1,1)2 fics
S AT AT b

(1)
SO 4 axM(e) = b (3.7)

Y sasb AAd sl AaxWO@)ExO@)2 - R4 4 = 7 (1-
AGO)» axO@)F 5 » i g o

TR ¥R S AR

S R FEY FfRG TN - PR s B AR o EHEE A

A AEN s TRAS il A fdco 4o B R IERAt=10 o7 50

m T A0 _ @)y — x D (k- 1) = xO(k) (3. 8)

¥ § SFR(NERE ST A
xmﬂﬂﬁkzﬂﬁﬁ)=QSX@“K@+wGKk—D)Vk=23mgn (3.9)
L7 (3. DR EEG. 8) N 2 (3. 9) 2 i <+ (3.10) 3
xO® +a-zWk) =b (3.10)

d bV wars (BU7)5 A 2 AR E(BU10) A A A S AR 2 HR M
4o

dxW (1) (0)
— =2 X0

3.11)
xM () = zW ()
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IV, fjelchheds & 4ok

- Ha IR LA N E S S e

x(©(2)] —z(1)(2) 1]
x(0)(3) —zM(3) 1
)4 —zMcy 1
p=|" _( N, ) s grey_C = [f)‘] (3.12)
_x(o)'(n)_ [ —z(D (n). 1

;¢ D E 5 ficdpiE't > grey C5 A & 285 -
O3 A A A & o A

D =E-grey C (3.13)
M1Ec) 2ok ffR(GA3) 2 A fdes) o T E TSN

grey_C = (ETE)™'E™D (3.14)

Hd Sfica~b TV REFHY > Sfca ZFE Gl T UF PG
EARE > S¥cb S AT £ 0 VU E Pl VR o

V. ZEzFEp 2 At
Sfcab £l > F 2B DN REHEfE VAT L

xD(k+1) = (x(o)(1) — ek 42 (3.15)

G5t s T-EEEAfa R eE o Jlr xWiaism Lo Bk £x©

W 18 5 P B P 4T

x@k+1) =xDk+1) —xD(k) (3.16)
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FEARPFE FRITLAD AR P02 F B REF ]

o d LRI RAR OB A § AR o F S GM(L D R T 4
e AN s AR ERTLAHAE FAMLET WP A E
#7 4 #-2] (new-info model)

FrABA iR B8 2 3V 5 E R A - BATEdp o TRE A 2 RAs BT

o rhe o el i 2 2 RIE D IR TI A S ATL A - R F R
e o 3 EFEG » AT ehlichy X(O)(t)m?\ AL ARRARS  REFTFEE
Bk F PR TR 1 TR g R R PR e F S iR AR

od ¥ g Ry FRATLHA -

Il. % 4374 #-7](equal-dimension and new-info model)

:“_\_Hh

5

HATLHAY TAT RGPS AR AR ST 2 2
M- BRI - W E 2 AR - PR AA S e PR 4 ATl
hn N Er SRR R RO £ S AR N R S Lk SRR 3
vd B.17)EGI8) ek Adcr | SN B i SN T R

DR N ;<2

£ O — (x(o)(1),x(°)(2),x(°) (3) e, x© (k)) (3.17)

x©@ = (x©(2),x@(3) ..., x @ (k), x @ (k + 1)) (3.18)
3 AHRAESR

ARSI Tl A AR AR R R o R & F K

ES S S AT Al €3 L Sl SR AR =R R L KR E A
ERESRIREEARERCDERIRE KRBT K Bk~ d s &G

#
Pl 2 E /A S o
(1) K 3t

BEFRPN AP R SN PR TREFRERE T Rk
ARBAFSRRFH S FTEN S FHRN 2 TESESAAN g e i 3-

46



IR—J\I""'\“%7 'H:.Ef; > mﬁ:)’ﬁﬁ&rgmv{pﬁ m@" —\bkar%

*ﬁ
I
Eid

EE ,;}q_ﬂ

WSR2 N A A ERERA R ERE -
% 3-3 2R F|N2 kit g

B4 RFR | FES TR 5 TR
WA % d 3 d d
TR 4 Ee P B d
RS [ [ B [ v
LA S 4 ® % i G

(FR B 235545

(2) g3

HEEAN HPMRF USSR REDPETAEFLERE 72

N\ Y R
b RRR A
RIS A

Sy ERERA T R R Y

~Azd ok a

\ﬁi;\la!

2
PACEER L BELE s SR ARSEPRRL S AH SR

o

A& 447N H R o4 34 97

% 3-4 2 RN mEI R i

TERA | g i | A Fard E Al

(8 % % % o 6N
i o i 23 £ £
Fif e ES 4 ES i ¥
R % [ % % %

(FHRXR: 23FHERE)

OEX:

FBHERPN AR RF UGS RFRETPH T AEFLERE T

Ry A
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AEACRRTE AT D & 5 g 102 F R g

CBOB ORI ARE B KR 2 R B kT ¢ FIR B RGN A G
eré_g o
RifeiER o L0 R LR ERER SRR R T REERT R < iE
SEAERY R B RKPFE A W E A G Ao d 3t AR5 2000
TR hf o YEAHKNANEAG LI HA TR KFEE ] X T R
0.045(m*/m?) 3k + ¥ & BfF o T T AP IERERZ Ak e 5 0.22m? - it
mEEERARF B AR RE 2RI M SAH S0 R A ERE LI AF G R
0.0000173(cms/m?) » < f& % » @S B~ %€ & 5 4.6 L/min -
I Sl I ST G VRS- S S SIS S rul S e

Yo AT

SHp = 0.222 x Qp%fx“ (3.19)
2,
SHp : #h5 4 (HP) ;
Qpump * & jf 3 -k £ (m3/min) ;
L : 4447 #2(m) ;
Np © 40 k955 (%) ;
RHp = SHp x ¢ (3.20)

He
SHp : #h5 + (HP) ;
RHp : “f% & * (HP) ;

S S CORE

% > i -

EPEARET  AHEBHTET S 4 G5 0.002448(hp)~0.004869(hp)
RGE T 2W~AW R R F R o
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(4) #2414
A3t FH HiEF Arduinod BB TEL VO e ~ I F B2 p L BEA Y
REE - BT S FRRE BRI BRI R A DE & P R

R 3«-&

P U Atmel AVR H o B 0 B BT R4S A BT L ST

% ﬁ%] /ﬁ%] Mmoo F 2B % g Java~ C 3F % 0 Processing / Wiring B

FHEE - (FH KR 55 SRR RFHT LR T F) %’Jﬁ' Arduinod B

FRELHERRTE pan E 2o A MG R T Lo HiRghe 57 7R

g

° U.—ri\"?];ﬁ'ﬁ I’}FI’

* Arduino ¥ ¢ * ICSP # & » % » ¥ Bootloader & » 371 IC & ¥

e ¥ ik Arduino F b o BFH MR IR M AERTEREEE o uE

Epe AR R

e FTHIEFARPE FFFHEDOT I ALER AR LT R BT
R~ AT IE s RIRB E .5

e A ¥ 4 HmI N 4o Adobe Flash, Max/MSP, VVVYV, Pure Data, C,

Processing... % ;

o R MR AIZITH] E (Atmel AVR ) (ATMEGA 8,168,328 % ) ;

e USB/iw 72 74&TH-¥4j5&EE i (DC) ?ji)%lﬁéf]%°
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EATT L FEEIARRERT S0 P AR BREE L FIE e g EH
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94

BEZARERAREIPT N N EXFEA RS kA

!

T 42kt L2434 e LPWAN (Low-Power Wide-Area Network » 43 & B 3
B 2 %%@% TPREFRRR B EH A ERPERHRII L FEA L L
YR SHRENI T F R P MRS AP T N R SRR SRR
ARG RN ARFTE R F LA A S BT I T
[EITA: R L L o R B Ao ﬁv}fi@ﬁﬁl_’rﬁﬁ%iﬁ_’ MR N kK
T AR TR At o
AL ERATE ACRET R f SR B E ST L gE sk bt i (Matlab - 1F
#2.3%) 2 A 1 (Arduino B 3 45 2 K RIK % )R & 0 Th% 1@ S0 88 B FT B 71| 5 (serial port)
iﬁ%&%@ﬁﬁ’@ﬁ@iﬁ‘ﬂ%@ﬁ%ﬁiﬂ’%ﬁﬁﬁﬁﬁﬁﬁﬁgi
@E%&i?ﬁ@ﬁ*f?ﬁﬁ@ﬁiﬁﬂ%ﬁ,gw@ﬂiﬁgﬁﬁ%iﬁg

B AT A

I k=pri=f s L4l

AP TR Y Arduino B 2 =% 5 COM3 » H B 7|3 4.4 5 Universal
Serial Bus (i€ * & 7% ngt > T USB) »

. % %3 Wi 5 (% 5 Baud Rate) :

# #l:# 3 (Baud Rate)dp s8_§ »cdicdp st 5L FI Sk ik 5> W H g
ARFURE R s v AHPRBBEF - BRE P T A BLEF AR

AP A a3 L BRI o AR LE AT
. T "% B U 1 115200(Baud)

e ok im2t 1 4800(Baud)

N
e

2+ : 4800(Baud)

50



?ﬁ
I
Eid

M. 3% T 2t PR

Matlab ;- 3 # (£ 4#2.3% 22 Arduino £24]4F 2. # © i 03¢ & 27 Arduino #2445 &2
BRI H 2 Rifehg v R 7 ko Matlab 3 21474045 £ 1 Arduino 15 0 %
TRy RPN E F Arduino f]F EBR RIK K TAL B EFH B o

A7 # L PR Arduino F244F 82 TR H mﬁci}fi [ ﬂig.l +% » 11 Arduino =414

FIHE & TR 2 Bidy @ i > ho®] 3-12 (a) 7 TR BAPM ATl 4 e

PORET AR TR et s IR B Pl B A RGP B OB RIRE > AR - Arduino 47

B | :readdata- w #-Ki=2t SR E I E
B 2 :motoon- BRELRF
B 3 motooff- MF R -

A o RIEE Matlab A (F425% 22 5 i Arduino #4148 &2 FRIRK & 2 Bcdi
@ st im0 548 Matlab -5k TE AR50 T i dp £ 0 AR A AR "Eﬁdfi 9 g <50
E M TEFHRE rR L ANEFH U BR TEFAR UEFEETE
AR PT B ) B2 R p TR IT RO S i iRl B R s 208 1) 0 4o 3-12 (b)

33.759 ->
34,588 -> Press 1 read data, 2 moto on, 3moto off.

(a) Arduino 314 b 2545 i e (b) Matlab i 3 1742 ¢ jl32
W3-12 s ~ARERPEFFTARBERBE TN
(FRKA: 2P F %)
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FEA RIS } AR E 4R T2 PR ash A R L R B R AR A
Matlab - {4258 2 J1 3 B~ Fdldg £ 1 Arduino #7404 » i€ @ Arduino 374145 #5~
iﬂfﬁ@*@iMw%%ﬁﬁﬁéﬁﬁﬁ%@’jﬁ@ﬁ§%ﬁ$%%m@
i3k (T4 £ % Arduino #4450 T SR ] ROF OB E R B P R 2R KR
Ty A2 4@ 4-1 #5777 & o

I
=

7
il

Ay
A

Vo S
i —
— @
—ipfED [ Kfiret

Matlab;js45 s i ArduinoiZ i |

W -1 AFEa RErd o 50 8 T2 ISR itk R emmer 1
(FHRER: 2353 %)

~ Hﬂj&-f‘l-é&_;;%ﬁ 71( ??ﬁ ,:‘f Sk /—,E ? jﬁf IF’Fg_—\ E _@4—7, Fé‘%ﬁfﬂq e _? ':%-

bl SENEE A AEA R Ak A B A B R TR L
_glj

Bl Bl iEn LR ik Kk FREIERATE A R F R e F
AT BB - S A B A Aok A R A R T A

"F?/—G\% EFAFTFEN 0 P A o
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BEEG T EH I R oROGR G A AR ORERET R d BT MR
AR BE D HERER T EE RSN Rk M A R AH

Bl A % do ] 42 TR o

ERRLER LI ] o) (A

S TEEBIL/HR)

==
HHEp

0 50 100 150 200 300 350 400 450 50

B frl (s)

B 4-2 BB Ak > 2 B2 4% RIEE A &
(FHIR: 27 F3E)

4B Bl nfE R 8 AE (T ko k BUAe b RIRRE R i A
P IR R AE TR o B a2 FRE A F 2 A g pF 1500 §5 0 AR
He 17 E 4 3()% . jﬁigﬁ‘/‘?ﬂifﬁ'ﬁﬁ ) ﬁﬁ;ﬁ;guj)\;” Foaw i nids bk &

Yo 4-3 #5 o

53



FEARPTE L RITLIMD A8 F 02 F ¥R ]

/ﬁ TR ER B 40 i’l'

0.012

TR ‘\ fitk 'Lt 43t

0.01 | 7\ A
€
£
T,
m \
= \
fi 0.006 | | ]
’ |
o, |
v
0.004 |
i
0.002 | |'
l
o U : .
0 500 1000 1500
Fffidl(sec)

W 4-3 FITBREA » in B IERIE P R K& AF

(FHRXR: 23 H 3 5)

ERRP R G RIERIBCN 2 FER BB R F AT iE R ARl S R

= B gtk ke & £ IR 2 At o P Ao B

47 B4 F A v (Percentage Error of Cumulative Rainfall, ECR)

PR ARRIEC R A PN TR A 2 eTh 0 PR g R EARRIT 0 £

7 e TR RAR R

ECR(%) = 2¥%§E§Eﬂﬁ x 100(%) . 1)
t=1 7t
Ao
2

Ryt t %] FE 2 % A &

i

Re i t B R Rl 8 & &

»x 5 % #(Coefficient of Efficiency, CE)

BRFELI0E 5FRR P & R0 SRR ATER T - BFEEE &

o0 PR dp IR EARIRAT 1 & 7 HEFC TR A ARG o
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n =2
z (RAc-RAY)
t=1

CE ES 1 - n —
Mo, (RA-R)?

(4.2)

He

RA :tP2 gl R fa

RA Dt F Rl kfia £

el
g
B
pet]

(g

N

~

= ~ iP5 $9:3 L (Relative Root Mean Square Error, RMSE)

PRI NI T - R A B 200 0 PR R EARRIT 0 2 7 B
SR & AR AL -

RMSE = \/Zt-l[(RAtﬁAt)/RAt] 4. 3)

n

#e o
RAc: tPFRISE 2 B B
RA; t tFF%|F Bl A ff = £

AR TR ERAAFRL RS SR F 0 M BER B TS
SRR AR AR 2 Rk Aok 41 A o

4-1 FRIFEEFFRHERIREFL &

B2 % i e
ke >

ECR 0=ECR=0.25| 0.25<ECR=0.5 | 0.5<ECR=0.75 | 0.75<ECR=1.0

CE 1.0=CE>0.75 | 0.75=CE>0.25 0.25=CE>0 CE<0

RMSE |0<RMSE=0.25|0.25< RMSE=0.75/0.75< RMSE=1.0f RMSE >1.0
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g
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PILGRANCA L R A SRR R A A R P ERBE LS WY
SRR AR AT B AR T o SRR IRIE R A

Frdrd 42 917 o

% 4-2  PFEFHREI > TR RIFRAR L TE

B FRE TRENHER
RingFL P~ (ECR) 0.0213 B2

2 ¥ 14 #(CE) 0.9979 B2
10 39 193%-£ (RMSE) 0.2092 B2

(FHEXR: 23+F35%)

FoF ARFIEREHIABEEELS

AERX T P TRIEAANR S & P o B A A Rk
SRR T AT 0 U E R PR S 900 f) 0 B ERFEEA WS 30 45 ~ 60 ) ~ 90
Fio R A FEERZ MR R A LRAR R BOEE A ) A sk R

e a £ 22 2R EBERFSHEPRIBTHOERE o

$ kAT 30 fy ek (ERIET 0 TR TR E ARR A ETIRG T
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