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ABSTRACT

This thesis proposes data analysis using data fusion method where used evaporation
applies to case study. Data fusion refers to the combination of sensory data from multiple sensors
into a common representational format. The focus is on combination of data from various sensors
into a single inference or interpretation, without regard to how it is obtained, or how the sensors
are organized. We assume that an appropriate sensing architecture and sensing plan has been
devised to collect data. In this thesis will be sought for evaporative estimation equation via
statistical method that called multiple regression analysis. Where the result obtained from the
estimation equation will be indicated more accuracy. The data will be provided to analysis are
factors of meteorology that measured and collected by Thai Meteorological Department. The
result that can be received from data fusion system will be provided to compare with the result
that can be estimates from evaporative estimation model of hydrology which used in general. In

order to indicated efficiency of estimating model of data fusion analysis.
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(Evapotranspiration Estimate Using Meteorological Data)
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€
2 €, 7
Ze, =(e,,€,,....€,) . |=e'e (3.13)
eﬂ
ele=(Y - XB) (¥ - XB) (3.14)

=" -BTXT)Y - XP)
e LY + AT XT XS
=¥ 2B 4+ BT XNDR
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1.2 95 Maximum Likelihood Estimation Method (MLE)
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w4 V()= Ep-EDWE - EBY 6.2)
= E(B~BYB~B)'
bi~ B
)
E(B=B)  EB-BXB-B) - EB BB~
_|EB=BXb =) EB _—ﬂz)z - E(f, —ﬂzz)(ﬁk ~B)
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= (X X)) X" L X xT XY
=’ (X" X)) (X" X)X X)"
=c’(X"X)" (3.24)

MNAuNIsh 324) V(B =c (X7X)" awuiunawnsonm (X7x)" 14
wz X iumSnduesmnei (Fixed Matrix) uadalieramswaives o2(X7x)" 18

4

iz o unsdimesi linsua ﬁaﬂmaﬁyﬁaﬁﬂﬁammmm v(8) 18 numaniled
weszinlimawa V(4) 1ifenisdszinum o Junldunu o2 Tasluamisuios
oI5z AR A ITeIR I TeduRdd LN AD (Expected Mean of Square of Residual;
EMS) 9t MnmasmestRiresesdaumie (Sum.of Square Residual) » e} =e'e vz

WU
ele=(Y - XB) (Y - XB) (3.25)
ua Y = XB+U ag B=B+(XTX)"'X"U

wld o= XB+U-X B+ X)X U X+ U= x{prx"x) XU
U B (|3 ™ kS e )Y ATy )
—{fr, - xexPa x [, ~ 2 o xiu]
QU] - o SRR e V) U
N{F 3 XS

wnsad M=, - XXX XY ol Towmu Tnimudwmsng nazunsndauniag
A = wa 1 ¥
(Idempotent Symmetrix Matrix) (F3laiewiadl M> = MM = M uaz M" =M 1oNIINH

tr M =r(M))

12 14 Ee"e)=cr(l, - X (X" X)X (3.26)
=c’(tr [-tr X(XTX)'XT)
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299500 £ = f+CY T f=X"X) " XY war ¥ = XB+U

A AT X)L X (X8 A1)+ CORIND) (3.31)
= B+ X X)X U+CXB+ CU
S BRCHD AR XX =l

Aoy E(B'y= B+CXB+0=B+CXB+
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REGRESSION AND SCATTER DIAGRAMS - TEMPERATURE AND EVAPORATION
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REGRESSION AND SCATTER DIAGRAMS - WIND SPEED AND EVAPORATION
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Abstract: This paper present evaporative estimation of waler using dala [usion technigue. There are many laclors in
evaporative locating process thal provided for consideration together. So this paper will be study about factors with
concerning in meteorology that influential to evaporation and explained about relation of these foetors by statistical
method. The used data obtained from Thai Meleorological Department which collects daily data [or the environment
with various sensors. The results of data fusion process will be shown value of daily evaporation that provided to
comparing between the evaporative value of pan evaporation and calculated by hydrology formula.

Keywaords: Evaporative, Estimation, Data fusion
1. INTRODUCTION

The means seek for evaporation of water we will
use data fusion techmque to provide and combine the
duta [rom various sensors. Data from different sensors
and many wpe ol sensors are  combuied these
techniques from several disciplines: signal provessing,
statistics, artificial ntelligence, patiern  recognition;
cognitive psychology and mnformaton theory |2, 7|
Inputs of a sensor to data fusion system clude three
basic components: 1. data observed by sensor, 2 data
and commands input by human operators or users and
3. a priori data from a preestablished database. Outputs
from a fusion system represent the combined or fused
data [2]. Data fusion refers to the combination of
sensory data from' multiple sensors into a common
representational format. The focus is on combination of
data from various sensors into a single mference or
organized [5]. Here we assume that an appropriate
sensing architecturc and sensing plan has been devised
w collect data. In this paper will scek for water
evaporalion by data fusion analysis and locating the
main influential factors of evaporation and establishing
an explanatory equation to clarily the relationship of
the influential factors. When we know influentia
factors of evaporation then we will collect data of cach
factors into the database for analvze these data luter

2, EVAPORATION

In Hydrology provided definition of evaporation is
net rate of moved vapor that arise from water molecule
receives such as enough heat energy that will be these
molecule transterred from land and water masses to the
atmosphere in vapor form [6, 8]. Cenerally this
transference must be used latent heat of vaponzation
approximalely 2.43 kilojoules per gram |4] that in the
nature, heat energy will be receive from solar energy
and furthermore, there is important factor of transport
of vapor away from the surface which will effeet to
evaporation perform continuously |6]. Then quantity of
vapor in the atmosphere will be received from process

- 1692 -

ol trangpiration by plant also which in hydrology will
call - combinauon of evaperation of water and
transpiration by plants that evapotranspiration [6. 8]
As evaporation and transpiration are mechanism that
tukes the water return lo the atmosphere for produced
hydrologic cycle and st wall-be diffieult to classify that
the quantity ol awvater i vapor form transfer from
evaporation or transpiration. So the studies about walter
balance and water budget are often considered with
evaporaion  and  ranspiration together.  Though
evaporation process will be difter from transpiration
proeess - However the both processes are diffusion of
vapor to the atmosphere as well as depend on factors of
climate also [8). The lactors of climate that influential
to. evaporation are solar energy, wind speed and air
temperature. This paper will be used mathematical
model of evapotranspiration estimate such as using
meteorological data 1o compute evaporative value for
compare with result ol evaporation that recerved from
data [usion lechnique: Through the used model of
hvdrology in this paper is Modificd Penman Model that
modified from Penman formula. Due to equation of
Peruman is provided to collect all basic clement that
elfect 1o evaporation completely [6].
Madified Penman Model

ET, 2CPHR, + QWY f(U)e, ~e,)] )

where

ET, s evapouanspiration value,

([ is adjustment factor, here we use C =0.85

W is weighting factor in term of solar radiation
(Table 1).

e, is saturation vapor pressure above water
swiace, Millibar.

e; i actual vapor pressure (saturation vapor
pressure at dew point temperature), Millibar.

() is wind function and can compulte in equation

(2)
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where

U, 15 wind speed at 2 m above ground surlace.
Kilometers per day.

R, is net radiation and can compute m equation

(&)

R, =Q,(1-r)(0.26+0.50n/N) - o' o
(0.56-0.0797,fe, )(0.10+0.90n/N) (3

where
O,  isextraterrestrial radiation, mm per day
T is reflection coefficient which

r=0.03 for water surface
1=0.10 for wet soil surface when have notplant
1=020 for soilwhen have plant.

n is actual means sunshine hour, Tlour per day

N 15 average of day of maximum - possible
sunshine hour (Table 2).

il . sy .

of is radiation that refleet from black body
surface, mm/ day,

€, 15 actual vapor pressure, Millibar,

e, =(RH xe,)/100 )
RH. s relatve humidity.
e, 18 saturation vapor pressure above water

surface, Millibar.
3. DATA FUSION

Data fusion is analogous o the ongoing cognitive
process used by humans to integrate data continually
from their senses to make inferences about the external
world [1, 2]. The inputs of a sensor to duta fusion
syslem include three basic components: 1. data
observed by sensors, 2. data and command input by
human operators or users and 3 a priori data from a
preestabished  data base. Several views can be
developed 1o represent the data fusion process. A
functional model can illustrate the primary functions.
relevant database, and interconnectivity to perform data
fusion. An architcetural model can specify hardware
and sollware components, associated data flows, and
external interfaces, A mathematical model can describe
algorithms and logical processes [2]. Figure | show
model for data fusion process. When the data fusion
process received data from various sources. The first
category of fusion system is process of data selection
and data alignment which used in fusion process. Then,
data cleamng for make it 10 svitable data and confidem

-1693 -

data. Completed data will be guarantee that fusion
process can be success

| Sersor Data
A alignmaent
B akgnment Data .
e Assodation ¢> Estimation

Data 51
alignmont !
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¢ 8

Database

Figure 1 Show model of data Fusion system.
4. DATA ASSOCIATION

Parametne —association  seeks  to associate
observations 1o other  observations. This s
accomplished by delimng a measure ol association that
quantifies the closeness of observalion pairs [6]. In this
paper we will plot data ol evaporative value that
measured from pan- evaporation and meteorological
dala into. the scatier diagram for seck to associate
briefly. From Figure 2 - 4 we will perceive that the
bath factors i axis-X and axis-Y have associated in
positive trend. But, in Figure 5 we cannol be describe
association of axis-X and axis-Y So, when we have
plot seatter diagram between evaporalive value and
each metcorological data. Then, we will comprehend
the factors that effect Lo evaporation which there have
three fuctors: 1. Solar Radiation 2. Air Temperature
and 3, Wind Speed. After that, we will used correlation
data 1o associale analyze of three factors for seek as
show in equation (5),

13)

where
£ 18 correlation coefficient.

Sm-) =Y'(x, - X}z - Xf NS
1:1 i=l
d n }:
Som = 20 =) =} 17 28
=1 ) h
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Sty = 2. (X, = X)(¥, -T)
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, ) ]
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1l n
where
n 1s number of pair of’ XY data.
Sm-) 15 sum of square of difference between X and
;\;.
5 i 18 sum of square of difference between Y and
Y
S(.\w 15 covariation.

HBEG RESSION AND SCATIER DIAGRAMS - RADVATION ARD EVAPQORATION
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Figure 2 Show scatter diagram between evaporative

value and. solar radiation.

ON AND SCATTER DU #S - TEMPERATURE AND EVAPORATION
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Figure 3 Show scalter diagram between evaporative

value and air temperature,

REGRESSION AND SCATTER DIAGRAMS - WIND SPEED AND EVAPORATION
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I'igure 4. Show scatter diugrum between evaporative
value and wind speed.

HaEGFESSION AND SCATTER DIAGRAMS - PRESSURE AND EVAPORATION
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Figure 5 Show scatter diagram belween evaporative
value and pressure.

5. DATA ESTIMATION

Estimation of each metcorological data in this
paper we will seek to regression line into the scatter
diagram for use to cstimate evaporation. The method
which sceks to regression line is Jeast squares. Least
squares method is provided the result that hnear
unbiased estimator which minimum variance. So. this
method is high aceuracy [3. 9]. Model of regression
analysis is shown in equation (6)

Y,=a+bX, +e (6)

!

where

r is evaporative value of pan evaporation,
X, 1s meteorological factor.

a is compensation value (Y-Intercept).

b 1s regression coeflicient,

€ is error or residual of regression line.

Equation of least squares method is shown in (7)



n

n
Z(Y,HY‘)!=Z€'?=O (7
1=] 1zl
where
I is value ol evaporalive estimation of

regression line.

So we received evaporative estmation value of
euch meteorological factor. Then, we will already take
each value of cvaporation 1o combime together as
shown m equation (8)

n
E, =Y Wi, )
1=l
where
E, 15 total evaporation of three meteorology
factors.
W is weighting factor that can be received from
correlation coefficient.
Y, 15 value of evaporative estimation of each

meleorological tactor; . solar radiation, 2 air
temperature and 3. wind speed.

REGRESSION AND SCATTER DIAGRAMS : RADIATION AND EVAPCRATION
8 "

" ' .
40 180 10 X0

Figure 6 Show regression line of least squares method
of evaporative value and solar radiation.

QEBGFESSQON AND SCATTER DIAGRAMS - TEMPERATURE AND EVAPORATION

EVAPORATOR
ra w = [

Figure 7 Show regression line of least squares method
of evaporative value and air temperature.
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REGRESSION AND SCATTER MAGRAMS - WIND SPEED AND EVARORATION
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Figure 8 Show regression line of least squares method
of evaporative value and wind speed.

6, EXPERIMENTATION RESULTS

From the correlaton analysis of meteorological
tactor that shown in table 3. This result wall be used 1o
seek the weighting faclor of cach meteorological factor
also. Figure 9 show result of daily estimation from data
fusion technique of ‘evaporation in 2005 - 2007 by
comparing  between  measured  value  from  pan
cvaporation and evaporative value thal can compute
from Modified Penman

7. CONCLUSIONS

From experimental results we find that evaporative
value of computation from Madified Penman method
which has average error value equal-to 0.73 mm per
day when compare with measured value from pan
evaporation. The esumation value of evaporation from
data fusion technique has average error value equal o
0.79 mm per dav when compare with measured value
from pan cvaporation. However, ecomputalion [(rom
Modified Penman will mote complicate than method
from data fusion. In addition, Modified Penman is
requiring knowledge about hydrology also. So data
fusion technique is more convenicntly
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T("C) | 20 2 24 26 2 30 32 34 36 38
W 0.69 0.71 0.73 075 0.77 078 11.80 0.82 0.83 084
Table 2 Value ol Noor average of day of masimum possible sunshine hour, Hour perday,
il
Latitude | JAN | FEB | MAR [“APR | MAY | JUN | TUI | ALIG SEP | ©CT | NOV | DEC
20" N 11.0 1.5 12.0 12,6 13.1 13.3 3.4 12.8 123 ue .2 109
5 VT ST 1R 0 2L 20e NS A A el PR ST Tk BB | 11
10N 1.6 11.8 12.0 12:3 12.6 12.7 12.6 124 12.1 1.8 11.6 1.5

Table 3 Show correlation analysis of meteorological factor,

Meteorological Factor | Correlation Cocfficient
Solar Radiation 0.6818
Air Temperature 0.4849
Wind Speed 0.3963

- 1696 -



EVAPORATION EVAPORATION

EVAPORATION

U"I

0
0 100 200 300 400 500

(a) REAL - EVAPORATION

B

DAY
(b) OLD CALCULATE - EVAPORATION
! : : : 1
i .f , L ~. {5 I
L i 1 f !
0 300 400 500 600 700 800
DAY
(c) NEW CALCULATE - EVAPORATION

Figure 9 Show daly evaporative value in 2003 -2007
() Measured value from pan evaporation
() Evaporative value that can compute from Modilied Penrman
(e) Istimation value of evaporation [rom data fusion technique
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