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CHAPTER |

INTRODUCTION
1.1 BACKGROUND AND PK\‘
In the process manage 'Jmany methods to reduce the
water loss. Ba3|c Ation sgtem ’ ssful and effective methods

of Metropohtan sic physical information

system can m S aetering area (DMA), for
example, survey ipe lines of water-supply
materials).

In the f essary for supporting
communities in a and serviced pipes to
accommodatio,‘ ed areas are rapidly
expanding to rur mber of populations are
continuously rising and population growth, it is

necessary to use maps antt on system for analyzing, managing,

P A=
and planning all water s --fi«*ﬁ" 1

IgCtriity Authority (MEA
5, after improving the me : ﬁt y y (MEA)

Q,to the engineering

which have‘ i

standard and T ping apd ed program, Editor Tool,

developed fro Arc view program for easier using. Some ma ps used in this applied

program are not ap te to the area at resySome areas in the program have not

ﬁ: %9 ﬂ d% t tk%annot be

. MWA has to wait for the new land base map |nformat|on"fr0m the engineering

standard and mapping departmenﬁ/hlch will be delivéi@g from MEA. Accord|Mat
IRIRRTUNATINEAREY

l0st, not Correct, or hard to verify again. For instance, some of water meters in some

areas have not been recorded in the GIS of WMA because the system has no land base.

Free orthophotographic map is a service of Google Earth Program that gives the similar



2
data to the map showed in the applied program used by MWA. But the problem is how
to compare the pipelines, road and other information from the applied program and the
Google Earth Program; it is unclear whether both of the information is correct.

Method of bringing basic layer from MWA and processing in the Google Earth

Program firstly shows that the\ )f A ig not the same as the information from
| ’

Google Earth Program; esk

V' aebdi
Picture from the appliEC=prograrm=t Dy MWA shows that the white areas in

the map have incompie pation system should be correct

and comp' ) (o decide a plan for : WA in the rapidly

ARIAIN T

Figure 1.2 Google Earth Program can help to improve the information from MWA.



1.2 OBJECTIVES

1. To compare information contents of Metropolitan Waterworks Authority GIS

and free map service application of Google Earth.

2. To determine the ' re tion of map reference between the two

systems.

4.
1.3 SCOPE
j e AN X
In order to complet suceesslly N8, nécessaky to focus on the scope of

arn branch of

X
\

~ ide®into 78 sub-areas in

?,f yre rmat|o o dy layers of the areas with
............ icatiopibf MWA.

2. The Iayers used T‘ AL mioe classified into various categories;

e layer of surface water such

7 rﬁj improve the base

3. Usﬁ e two- e tra@ormatlon and two-
i .
nsional affine coordinate transformation for calculating the systematic

AUBTVBNINYING -

SanaI Data Accuracy to measure and report geographic data quallty

WhICh was studied and‘eveloped by the G“]ors Council on

q W'l IRt R 1IN #1a

e base map ng to the assessment of the improved

base map by Google Earth, the NSSDA result must reach the particular

standard which can be acceptable for mapping.



5. Google Earth program used for supporting this research is the version of

4.2 Google Earth which can be downloaded for free.

1.4 RATIONAL AND THEORY OR HYPOTHESIS

MWA GIS that applying 1e “;' ic&s™ 0 WA GIS could improve rapid
updating of M Google Earth.
However, of processing the MWA
GIS by using t nce of the both systems

for updating and aglyi ographicipferm 16m Systgm,of MWA.

1. Stu' detaj Of W '. o layers 0- program, Editor Tools.
2. Study frg ml' "é-f;g‘-bé' ) “h ) am.
3. Study the r ion .-...”.Z'E.m".fi L OOl Earth.
4

i _'r !gp
Transform he ’.f--f---f:-a om-| 0 compare to the information from

Google Earth. g_’-}‘;"wr

5. E}_‘u

1.6 LlTERpﬁrR

Definition c‘

AUBANANINENNS...

that gates and displays data colleated from a geograph|c entity in the form of

ARIR NIUURIINYINGY

geology, ecology, land use, demographics, transportation, and other domains, most of

which relate to the human use of the physical environment. Through the process of
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geocoding, geographic data from a database is converted into images in the form of

maps.

Wikipedia the free encyclopedia ( 2009 A geographic information system (GIS)

(also known as geographical i 1 partlcularly in the UK, and geomatics

in Canada) is a system I zmg and managing data and

associated attribute
is a computer system mte atlng,, , ing, analyzing, sharing, and

t|aIIy refe arth. In the strictest sense, it

'"‘"*-.:Q e generic sense, GIS is a tool
: b N
that allows u » _ aqti ¢ "Createt earches), analyze the

displaying geographic

spatial informati ' i 1, me an NenesUliShof all these operations.
Geographic infor ' \the_seic 2 /inghthe geographic concepts,
applications & msff t \Gcrtfiehte programs at many

universities.
History of di el‘c)I ent

According to Wlklp . o free er ppedia (2009), About 15,500 years ago,

on the walls of caves nearlias6als Fran Boon hunters drew pictures of the

animals thﬁ A & K lines and tallies
. r——————————— —_—

daarison to modern

technologies, W pSe

@I structure of modern
geographic info : atlon systems an image assomated with attrfute information.

AU INENINEINT--

repr nt the locations of some individual cases, possibly the earliest use of the

geographlc method. His study of ‘e distribution of cﬂa Ied to the sourceuhe

% WA g et

q iIsconnected terminating the outbreak) within the heart of the cholera outbreak.




6
While the basic elements of topography and theme existed previously in
cartography, the John Snow map was unique, using cartographic methods not only to

depict but also to analyze clusters of geographically dependent phenomena for the first

/ f "photo lithography" where maps

were separated intos h:-__-hp puter ha d____mopment spurred by nuclear

A — ‘
weapon research wou aj > er "mapping" applications by

time.

Canada by mappip8 infg i “_‘ . SIUE gooricultufe, FeEreation, wildlife, waterfowl,
forestry, and land usggit ass ) ati _ classification factor was also

added to permit analysis CG ; e W ~first "system" and was an improvement

over "mapping" applj or overlay, measurement, and

digitizing/sga i _)that spanned the
continent, y, and it stored the
attribute and Idlﬁ tional in . As are lIJ of this, Tomlinson has

become known as e "father of GIS," particularly for his use of overlays in promoting the

AUy fob 1L IL ok Ll s

ystem in support of federal and provincial resource planning and management.

U O PITRL AT

In 1964, Howard T Fisher formed the Laboratory for Computer Graphics and
Spatial Analysis at the Harvard Graduate School of Design (LCGSA 1965-1991), where a
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number of important theoretical concepts in spatial data handling were developed, and
which by the 1970s had distributed seminal software code and systems, such as
'SYMAP', 'GRID', and 'ODYSSEY" -- which served as literal and inspirational sources for

subsequent commercial development to universities, research centers, and corporations

N2

By the early 1980s, M&S bmputlng
Research Institu@Rls gomp e
emerged as commercia Qof's \ v

the CGIS feat

worldwide.

ph), Environmental Systems
source Information System)
saecessiully incorporating many of

igach tO%separation of spatial and
attribute informatigf®wi -7 i '~ izing attribute data into
database structureggn Jhd & At ‘. "..T llic domain systems began
in the late 19708 fy JO80SEMOS A . and Statistical System

auspices of the Western

Energy and La ‘.d Us ‘ 1.' ,7’1_', # 7 ; 's _ d Wildlife Service. GIS was
begun in 1982 by ' o D " "erin csearch Laboratory (USA-CERL)
in Champaign, IIIinois,l the U 5 oroSydll Engineers to meet the need of
the United States military fors ) @hagement and environmental planning.

The later 1980s and 1990&Aif

on Unix W(k Sta

rapid growtki :

ed on by the growing use of GIS
@e 20th century, the
Jardized on relatively
few platforms a‘ﬂ users concep | viewing GIS data over

the Internet, requmng data format and transfer standards. More recently, there are a

Appllcatlons

q W’] M md;u MLI'A nmnga ¢

system technology can be used for scientific investigations, resource management,

asset management, archaeology, environmental impact assessment, urban planning,
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cartography, criminology, geographic history, marketing, logistics, and other purpose.
For example, GIS might allow emergency planners to easily calculate emergency
response times in the event of a natural disaster, GIS might be use to find wetlands that
need protection from pollution, or GIS can be use by a company to site a new business

location to take advantage ofa\\\‘#)/fjwed market.
GIS software% ' é

——
———

Accordi 009),” Geographic information
. , , - "-,.._“‘ ) )

can be acces " fransfor wprocessed and displayed using

numerous softwa oplighti /ithim ' sommerclaleiferings from companies

such as Smallworlgh ifd| i sYstem ‘. 2 i, Mapinfo and Autodesk

dominate, offerj tirg’ suite ofetool d 'llitary departments often

use custom softw #solr -;;;-“J‘ as GRASS, or more specialized
I de NeE O free tools e i

products that mé€et a II o"?u,- A o e \ exst to view GIS database,

public access to g#

ographic in ationdie .iominated Bl online resources such as
i [
_ i '.“4‘4- : \

Google Earth and interaltive \eb=mapping

GIS processing softw of preparing data for use within a

GIS. This @ oo _ ﬁmat usable by GIS

products. Fh , qﬁ:hed (orthorectified)

i
=

using photograﬁ'nr etry ude ﬁ latitude gradations (or
L]

whatever grid' needed). This can be distinguished from

withingGl nalys! e by the fact th v"se changes_are permanent, more
coﬁx nahti onsuming. Thus? 8 speaiali WEQSﬂare IS generally

useqy a person skilled in Remote Sehsing and / or GIS processing aspects of

e transformations done

computer science. In addition, (oCAD, normally 488 for drafts of engirung
q have migrated towards GIS u it ha or

is especially useful as s slrong support
digitization. Raw geographic data can be edited in many standard database and

Se.
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spreadsheet applications and in some cases a text editor may be used as long as care

is taken to properly format data.

Free and open-source GIS software

evolve, especi ions. Well-know open

source GIS soft E DServer, uDig, Opendump,

Much ope SOUrge slopment has \ 560 ORle creation of libraries that

BMicSinclude GDAL/OGR and

% !
AN
asource ana

provide functio htyf th »',

GeoTools. These ligfariedf are us ‘f

)
‘..r

oprietary software alike to

provide basic functionag
d ‘ | A

Map overlay """EW i
() A
Acc& Ir

several spatial

@\ase S a m output vector dataset,
L
visually similar®d stacking several maps of the same region. se overlays are similar

to m ematlcal \grna ram overlays. A ‘ overlay combines the geographic
featu te ta!ley l> VIW to ; QU :]' f |ters ct overlay
nd r

def"r“ the area where both inputs overlap a etains a set of attribute fields for each.

A symmetric difference overlay de‘es an output aregflagt includes the total

wwa«ammmmma d

Data extraction is a GIS process similar to vector overlay, though it can be used

in either vector or raster data analysis. Rather than combining the properties and
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features of both datasets, data extraction involves using a "clip" or "mask" to extract the

features of one data set that fall within the spatial extent of another dataset.

In raster data analysis, the overlay of datasets is accomplished through a

| ul p rasters" or "map algebra," through a
|x This function may weigh some

that reflects the influence of

process known as "local ope

oogle Earth as well as

ooperated with the GIS

ahisonteetween the existing data

e é\x . hich the Indian-Datum-1975

layers of MWA"and the ..'
‘t\_ aylers of Google Earth.

data layers of MW ustiibe over ,;.,’i WIGS 84

"-

(S ASE

jl‘-_-n!!

In the study of I\/Iaha framet-al=(2( about updation and positional accuracy

improvemertt with the-haet sight proportional to the area of
triangle. T ta cannot be used
for new m ‘vlation factors were
calculated baqﬁ on lea ue, whi: | will transform original

feature to the trans ormed feature. These parameters may be modified to take higher

acrmtlﬁ NYNINYIRS

|ntro ed. The original object is transformed with these rotation, scaling and translation

PRREOICIL LT IarY]

accuracy is within specified tolerance limits. In this process, atterhpt is made to improve

the accuracy of existing data. The user must specify the amount of displacement

required at several well distributed points throughout the map using the available
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information form ground survey or latest orthophoto or stereo model. Positional Accuracy
Improvement (PAI) requires a special kind of transformation to the vector data to
improve the overall accuracy with minimal change to the following accuracies. The

allowable limit varies depending upon the scales of data sets, but the basic principles

remains the same.

Relative accuracy: It is a ‘mése e _distance of a line measured on

‘ a’
Absolute accuracy: f - : Winate of a point on map
‘ e | .

sured on ground.

Geometric fideh®¥ It i , ¢ ‘ ; iealL the map matches the

Figure ﬁTh } aﬁte'! PAI operations.
1

_VIﬁWEﬂﬂ?
A8 INMAINYINY

Figure 1.4 Transformation before and after PAI, The right figure shows Weight

proportional to the area of triangle formed with two other vertices.
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The problem of how the positional accuracy of legacy datasets can be improved
through integrating new, higher accuracy data has been addressed with regards to land
parcel databases (Merrit and Masters, 1999; Tamim and Schaffrin, 1995). The approach

has been to use techniques based on least squares adjustment to obtain the optimal fit

between the new data and the‘r existing Sotd The advantage of such an approach is

that positions are optimizdeR ; ) , pﬁavailable information, including

the quality of the da ----’-: ddltlon u ‘_ﬂhal accuracy parameters are

generated for eachppo?i ‘ o@sure&
\)

A furt

ach is that additional

it is possible to

information can ple,

constraints prov‘!d itior al | ’ H ocess, resulting in better

feature positioning. ' -o for positional accuracy

improvement of I. )}d parcel database, using

techniques based on'jife * od-of leas : Ir _ fdition to improving positional
j § i

accuracy, this software also proyige pCal positional accuracy parameters.

TO’L; imms, Giles D'Souza and Rajes » @16 background and

effects of Oh n

programme on your
data, and oulmi ways anges. Qidnance Survey’'s new

programme OS 1 2 00 scale mapping in rural areas was derived from County Series

mmﬁ IR mm::::::

erro f up to 13 metres have been discovered. In April 2001 OS started the posmonal

Hicy pro emF gr mm@e, sj L ofthe *500-
entails the manual editing of detail on OS maps; in some cases blocks of detail are

shifted and rotated by several metres. In consultation papers, OS undertook to liaise

closely with customers throughout the programme and advised that the overall
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timescale of the programme would be tailored to the needs of major users. The PAI
programme was split into two parts — Rural Towns and Other Rural Areas. The Rural
Towns programme covers some 2,300 1:2,500 map data tiles, while the Other Rural
Areas account for some 155,000 1:2,500 map data tiles. PAl in these latter areas will be
achieved by methods that invi ‘ rf or photogrammetric interpretation. The
resulting data should hav y \ ‘ #-/- 1.1 metres RMSE (Root Mean-

uiring the most urgent rural

Sue Ho I . ary H Bsstudied about Improving

positional accurag g efVingtog kNfeUdl seatial data fusion. The least

squares base iglegfde 1101 Bosll acOullacy of spatial datasets
J ' L .\ -‘u ".
F 2 5 LY
as higher quality P j '1" limited \-n icatiog to well-defined features.
Extending the t d i -\ l require the development of

methods to match) |nt L cross, i ' - HEE e presentgtions. If done successfully, this

will enable positionaly iIracy -imr. Z exiglihg datasets, as well as the
P s ; : ;

generation of measures reportmg=ocat I"1h accuracy. In addition, it is proposed

that some topologica

process, r NG N INe_Preservation Oriopol

onstraints in the adjustment
justed. The left hand
Jgards to positional
accuracy imprﬁj{}ment as are vveII: &fined points. The right

hand side portrays the focus of the current research in extending this methodology to

AUEINNINIING -

ks that are the focus of th|s research are firstly, to match points within these

ﬂWﬁsﬁiﬂﬁwWﬁ YRy
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Old measurements, New measurements,
Lower accuracy Higher accuracy Atmracy 1 Aﬂ:uracy Z

Point

Points matched ;
matching

Geometric
constraints

Figure 1.5 The g arch ofiimpioying o ‘f racy and preserving

topology
Positional JACccu

applying the NSSDA to

large-scale data set. BAis f';p;__!;'gl- ua cUr y of topographic and digital
72 ST /
terrain model data sets credtE8=GSiRg—p Ofammetric techniques. The Minnesota

g 1] T J
Department of Transpents e W educes these data sets, which

are used withi.the-agency -t o plan and des ~ ay improvements.

hough the elevation

-

e
contours of theﬂ}pograp |

Digital Terrain I\/Io I was used to test vertical accuracy, as DTMs tend to be more

FWEVJ Wﬁﬂ'ﬁwm 4 1o B

y of the DTM is crucial.

Q»W'mmmummmw

¥
ertical da@la different data set, a
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Table 1.2 Horizontal accuracy statistic worksheet.

(Ken Johnson, Mike Lalla and Mike Schauer,1999: 11)
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The positional accuracy statistic
The vertical root mean square error is shown as a linear error. In table 1.1 the vertical
RMSE is 0.068 m. The horizontal RMSE deals with two dimensions giving x and y

coordinates. Using the equation of a circle: X+ y2 =1 and modifying it slightly into

(X'indepen M oror
the error radius is Touna Tor h Cogdinat = ntal RMSE is calculated by
adding up the radlUs_ergaes; avCraging e taking the square root. This gives a

e

circular error WSk, in taBle 1.2 is a circle defined

by a radius of 0 , RCorfidence level. To attain
this, the vertical RMSE is iplied b 3 , i ental RMSE is multiplied by
' 81 and 0.134 meters

1.7308, resultipd in griz

respectively.

The accuracy stateme nt‘

\

Table 1.1 contains fo ff

[ N ‘ ------ b, thelhi@rizontal and vertical positional
f

a set. First, the field

test shots neew be ' m or this project, the field
i

crew substitut

a few points that had not been originally pfaCed on the topographic

maps,, so these \grﬂt considered. The st concern dealt with map symbol

o) ith lsuchlad a Eatct basin, the
origi“ the lower left corner. The field crew may have collected the control point using

the center of the catch basin, and ‘en if they used thggEmgrect comner, the scal

ARIANNFUAATT NYIRH
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Positional accuracy statements as reported in metadata.

Horizontal positional accuracy

Using the National Standard for Spatial Data Accuracy, the data set tested 0.181 meters

horizontal accuracy at 95% CO’“‘W":

Vertical positional acc &

atlal‘ata Amta set tested 0.134 meters

Using the National

vertical accurac

contract servi ' iVl neapolis. ' database for a variety
of engineering 7 ded a photo control to
produce a digital o '%a 0 St P ently, about two thirds of

i i olor c\g ital'@rthephotographs. The primary
Q.? . r‘f"’ﬁ ; A ¥
S 't antify t!' S .,“‘\ timekand transfer them to the
‘ "' [ \
Jdated4plEnimetry

use for this data
planimetric database ‘ 'tize om digital orthophotos into the
planimetric database’ A vf' SETT '! e the "orthophoto products and the

planimetric database is 9 r'”“ e se the planimetric database and

l.’# »
orthophoto@s ' e wgthwhile investment to
————————— =
develop a T : :1}; the NSSDA.Shown

in figure 1.6 POEt n , e:ﬂihg the magnitude and
| 111
direction of difili| nces between city monuments and corres nding vendor supplied

data.

ﬂUEJ’JVIEWﬁWMﬂﬁ
ammmmwwwmw
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i
J ablg™ .3¥Halzo ion racy w eet.

'o*nl\./\i % ik e 1999)

; A
Observations and cainmefits a\ "'-'

Once test data was re ived : he reslilts were mapped. The project
team noticed large rando ‘ ntrol was expected. It investigated
those points and found % in inted or monuments not properly
labeled. Intma | ger. To compensate,
some pomtl s '\ j\/ailable. In areas of
large elevation=efyan _ toﬁ vendor who then was
able to return ated coordinate data with improved results. '

ﬁﬂﬁlﬂ%ﬁﬁﬁﬂ g1n3

9 AAenSaium ANt

Vertical positional accuracy

Not applicable
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1.7 BENEFITS OF THE STUDY

1. This study shows you the similarity and difference within the scope of

information contents of MWA and Google Earth, limitations on the use of

both information ¢
Earth to sup
2. This studyst

3. accuracy and residual
pdating th‘e layers of MWA. The
s, 1he : eptable standard.

4, ndumethod by Google Earth for
n pfécess the operations for

5. G gIeEarth in order to verify and

from a MWA'’s applied program,

sreducing work.

ﬂumwamwmm
Qmmnsmnmmmaﬂ



CHAPTER I

COORDINATE TRANSFORMATION AND POSITIONAL ACCURACY

In this chapter, it pres ,' agic knowledge of coordinate transformation

\ / ky equations, Two dimensional
ns, Two di e coordinate transformation,
Statistically validwanonagccur

and the thesis theory

conformal coordinat

The el SYstom 1982 WGS8ANs Used by the US Department of
Defense for GP. isfSuitébl il 2nahaYioation. Thle International Terrestrial
Reference Frame i alb2 Oh-man {8 | aser Ranging (SLR),Very

Long Baseline ‘:' / at Wi N“..Ileo s recommended by the

International Associj ¢ c00E o‘g‘n O bnal datums and scientific
applications. (Working .f oup 15RESC! """,“

f“ "'af-.-

The difference bet ""“’va ‘ of an individual local datum and

s
positions in&ys of

ve‘rﬁhundred metres, and
may Vary 0 jﬁi.‘-.--n'—-\':.‘A—--‘—.-u-.v.-';;'Avm--Au---n.—-—-.---;-QL4 2 Survey network haS

variable qua _;é do O.‘_._, X may effectively have
111
a number of on datums, requiring a number of different trap

datum. (Shigeru, I\‘ .,2006: 1)

ALE MYNINGINT..

posmons need to be available in tevs of both a local a global datums. The

R NIINTINES El

rmations to the global
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2.1.1 Transforming Positions

There are a number of ways to mathematically transform positions from one

datum to another, but they all i ghog points". Common points are surveyed

points that have known

achievable accurac transfor '-ﬁvdetermined by the number,

distribution and actulel @ - e transformation technique

adopted. Generally spegi e gjee o racy required, the more common
. - 3 F ‘ 1.,'- -

points are nee O: : :

hple of the true relationship
between the lg igfloa8 dhrunte IFERE" local’s i "'f..-;" was entirely consistent

and regular and waé me Iy" Jik ét i o 4 | Gatuho, a8 gle common point would

W

be sufficient to determiifie | ck's this ISk hidhly unlikely scenario and
‘ ; AN

the more irregular i ;r, F the more » n points will be required. A

good understandmg f_.-_--—-—-" n- -ey mework is required before a

datum transformahon can be o od _ F =M., et al.,2006: 1)

B,
Ideally, lﬁl pal @ the local datum origin

points and the local survey network recomputed in terms of the global datum. Different

U ? NI WERT

net\/\q{ would be a "common point" and, provided the new b05|t|ons for the origin points

were ofsu1tab|e quallt Would robqbl also give an i ed survey network w”ms
QW””G S'ger % | I Wﬂ Iﬂﬁl

A re-computation of the survey network in terms of the global datum assumes

that all the original observations are available, but this may not be the case. An
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alternative strategy would be to obtain sample common points at suitable existing
survey network sites. These sites should be chosen to represent the characteristics of
the network, so where the survey network is consistent only a few would be required, but

where it is inconsistent, many more would be required. Of course any isolated areas

set of common points. These common

ﬂ model for the other points in the
;ﬁ:ﬁ]@t depend on the local datum
@ et al.,2006: 2)

f common points. The

of the survey network

odelling and later can

qual by O N eMfansformation process, by

\

(4 ="‘ . pce between the actual and

; \
transformed positi eptab "\ them (i) the derivation of the
transformation procesg an repeated us cre ._ selection of common points, or

(i) more common points ca btained, L2 different transformation method can

be used. <S!ﬁ3ru’ / :

There are ‘a ays of modelling the format|on between two datums, but

t“ﬂ‘ﬂ”ﬂﬂﬁﬁﬂiwmﬂﬁ

I\/IathemaUcaIIy a datum travormatlon is feaS|bE via 3 dimensional geo@nc

AWIANTIIU AR TINEIRE

between the geocentric co-ordinates and ellipsoidal latitude and longitude co-ordinates

in both datum systems. (Richard Knippers , Jan Hendrikse : Webpage)
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(XY D)oo (O.AN)

(p }\’ h Datuma9 X Y’Z)

Datum a Datum b Datum b

ansformations.

W)
=
Howeveﬂ’fJx good approximation~o

Molodensky and tw regression equations, rel tln directly the ellipsoidal latitude and

AUy INYNITWYINT

Molodensky equations The tandard Molodensky equations relate ellipsoidal

RIAINT LTI ey

§ —
datum transf@ation make use of the
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Molodensky formula

+ Ao

Indian1975

g o7t (2.1)
’}ﬁ “
ql -;'R
: = g% sincas
Ao = {-AX sm@W Sin\§ COST (- )+ Af
. ; a
Rq ()R ;
AN = [[AX sinh +
Anh = AX cos @ co —]+Af[ 1R.sin” &
( ( = geodetic Ia if = etic 18 gtdbic in local system; h = the
‘* ,‘l. i ”.'
distance of a point g OF he ipSpId red along the ellipsoid

N L
P = semi ."ﬁ::'-

ellipsoid; AX, AY,AZ ZEnif ,--;F,ﬁ__r@;

P

normal through they |;,1 siof loca h"x ipS@|d; f = flattening of the local

!

gOf t

local geodetic system and the

WGS84 ellipsoid; Aa, Af = d :a—;::"-
of the local and 3 "‘{"4"‘-":

geodetic sy -'

" the semi-major axis and the flattening
gbtained _by subtracting local
nard Knippers , Jan

Hendrikse :

Simplified:

q .

VERN

SN
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Assesstheaccuracy &
consistency of the local Transform data as reguired
survey network

¥
Obtain global coordinates
on selected local sur- -,,.
network sites ("' coxn
points')

edare.
‘ g- l " dendrik \"\ Vébpage)

2.2.1 Direct transform ONS

q

If the: tfiderlying-projection-of a-co: GOWn we may relate the

o] Jet of selected points

- -

==t § —
whose Coordinﬁrjs are kno ese poinﬂmay be ground control

points or commoniomts such as corners of houses or road intersections, as long as

B k) WEWTSW MiirEe
wqmmmummmw

coordinate
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A LY
ANANY * A
T ‘
f ] | WY —_—
[+ | A -
R ' +f |* X,
System B

Figure 2.3 Co-or of selected points. Here

SiX POINLSAMEre e TR s ikse : Webpage)

may be conf ' ofive, 4t ‘ Yoe, depending on the

geometric errors 4 2l Lingar nal eRatiihe trapsformations can be used

Direct transformati BB Use f‘ natel Velioh e .30 ors that don't fit exactly by
‘ _ \

\

ting tie oyt [ acClf@te data layer. Moreover, affine

i if

transformations are u ed inSmap-digit ' registration of a paper or scanned

stretching or rubber sf I

map. (Richard Knippers .‘r‘f__..:

A

2.2.1.

¥
The twou mensional conformal coordinate transformat@ also known as the four

parameter S|m|lar‘ formation, has the ch“terlstlc that true shape is retained after

ﬁNH@%HW?WH%ﬁ%

n reference coordinate system. (Paul R.Wolf , Charles D.Ghilani.,1997: 335-342)

qﬁﬁ”ﬁi‘i”ﬁ%sr°§i”'”ﬁ“”iwa'mzl

1. Scaling to create equal dimensions in the two coordinate systems

2. Rotation to make the reference axes of the two systems parallel

3. Translations to create a common origin for the two coordinate systems
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Scaling and rotation are each defined by one parameter, and translation
involves two parameters. Thus there are a total of four parameters in this
transformation. The transformation requires a minimum of two points, called control

points, that are common to both systems With the minimum of two points, the four
effdgtermined uniquely. If more than two
dJustment is possible. After

nsfosnati‘ -__M, any points in the original

parameters of the transform
control points are avai

determining the val

—— et I

‘v“ ol o3
.

A e o2 o4

PR
ﬂUE’l’JVIEJVIiWMﬂi

F|gu 4 Two-dimensional coordln ate systems. (Paul RWolf Charles D.Ghilani., 1997 336)

RI1aNA ’GM UINBIRY

their lengths in the (X,Y) system, it is necessary to multiply (x,y) coordinates by a scale

_=—-x

factor, S Thus scaled coordinate x’ and y’ are
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y' =Sy (2.2)

parallel to the (X,Y) system such
ns that give the (X',Y') rotated

(2.3)

oint, it is necessary to
translate the origi ' ! S o' origi ""\ i > ¥heystem. Referring to figure

2.5 it can be seen t ’_' i n s, T V‘.. d oW adding translation factor as

follows

(2.4)

T

ﬂUEI’JmJ N3 EJ"Iﬂi

q mmmmwwvrm At

If Equations (2.2), , and (2.4) are combined, a single set of equations results

that transform the points from (x,y) coordinates of Figure 2.4(b) directly into (X,Y)
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coordinates of Figure 2.4(a) as
X = Scose Ssm9y+T

Y= Ssmex+ Scosey+T (2.5)

= d, and add residuals to make

n be written as

(2.6)
Equations #2.6); rep esent a,; asic Obdehalidn equations for a two
il ﬁ"- \
) b - s \ )
dimensional ¢ c:’ r i !,,.-,-4 3.'.';*' 2 [ Yave four unknowns a, b, c,

¥ lr X i
and d. The four uy n? s emb °£?’E-"!f 2igforma ".\]~ pafameters S, 0, T,and T,

"- \
1

Since two equations ¢ beswritten fore: kol PAINt, only two control points are
J #'-._- :"._ " "
needed for a unique solutiormrATen=—mor N two are present, a redundant system

exists for which a leas = ﬂi'nw he..As an example, consider the
equations u igure 2.4 There are
three Contl equations can be
written H\ ' I|

ax,-by,tc —X +v

ﬂﬂﬂ’mﬁmi“ﬂ'lﬂﬁ

AN IR URINGIA

Equations (2.7) can be expressed in matrix form as
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AX=L+V (2.8)

Where

M
vrd
vk
v¥D
vxl

Lyl

| A ‘!1 -
Having o , i .‘,.A olel Values efficients from the least-

squares solution, tf rdinate Ry e ddifio ts whose coordinates are

tions (2.6) (where the

J / : » F/ \ ‘-i
After the a tgﬁ t, the so@l :.‘!'" r& and tatio angle 9 can be computed
J UV - \ .
tiO S

o
PR N et o L
i

!

with the following e

e (2.9)

(2.10)

7 i

2.2.1.2 Two dimensional affine coordinate transformations

| ‘o v
SixX @'ameter transformation. It is a slight variation from the two-dimensional

conformal transformation. In thd affine transformaffly there is the additidgh

al
q recti n.-‘ s transformation i monly'usedn p to;am 18 transfor | hote

coordinates from an arbitrary measurement photo coordinate system to the camera

fiducial system, and to account for differential shrinkages that occur in the x and y
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directions. As in the conformal transformation, the affine transformation also
applies two translations of the origin, and a rotation about the origin, plus a small
nonorthogonality correction between the x and y axes. This results in a total of six

unknowns. The mathematical model for the affine transformation is

N2

dx+ey+f ____? (2.11)
These equati SArant can-bDex niquely when three control
points exist (i.e=#oir o £ 4drdinktas e knOWimin H&™ooth systems). This is

II
ations (2.11) can be

written and three @intsgyi . ¥ equations i I- g (Me¥ unknowns. If more than

three control#ointsffare . f=SgUarcswsoltign can be obtained.
! 'y ! i J \ \ i
Assume, for examile, ; at gour cor -'-,n j i \ 3,%
i ‘ T \ '
. E" ' K - - \
| f ay %r,- ﬁ"
i ':_ e

#
'/ f —xE. :
& ‘ - .

——
A

exist. Then the equation

system would be

dx +ey +f= Y +V

ﬂuﬂ?ﬂﬂw NEINT -
Qmmmmummmaﬂ
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In matrix notation, Equations (2.12) are expressed as AX = L + V, where

(%l v1 1 @ ree
2 0 0 xi vyl
ad vl
o vy

Besides t in8te transfor 4\ edVifhoreceding sections, it is

possible to develop#um FM");' e .\ omial equations of various
N ar ’

degrees could b to transferm. e As 2 \ tioRal terms are added to a

polynomial. the resyiing ;s&-ﬂﬁ""nﬂ hett8f fits on any given data set

However, caution should .o;ﬁ_ XErCISe bep doing this since the resulting
ZIMIINTL

transformation param o icazwaul R.Wolf , Charles

D.Ghilani., 1987 a88=854)———— h £

| =
As an exampﬂ when dinate transformation
[

with a data set h |ng four control points, nonzero reS|duaIs would be expected.

) TI LIt ok Tt

rlate transformation for this data set? Is this truly a better fit? Guidance in,

QAR SRl TS

The adjusted parameters divided by their standard deviations represent a t

statistic with v degrees of freedom. If a parameter is to be judged as statistically
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different from zero, and thus significant, the computed t value (the test statistic) must

be greaterthanty,, . Simply stated, the test statistic is

(2.13)

2.4 Positional acé
e —
Chrlstop{ :

Standard for S ' "epor! vedg aphic data quality. The

How the ftion#l Accurs 3 map r-l\"., s i best estimated has been
debated since the ‘\'- estion remains a significant
concern today with the pro Hetat Efers, geographic information systems

and digital spatial data. Ugi l_, /. standards such as the National

Map Accuréck idita data. Today, use of
digital GIS k v rgapplications. Digital

geographic dm!sets stﬂand local government
L]
agencies, utiliffes, businesses and even private citizens. rmining the positional

accuracy ofdigitaﬁa difficult using existin st ndard q

“A variety of factors affect the positional accuracy of digital spatial data. Error can

be introduced by: digitizing m‘hods source mgi@ial, generalization, uaol

RIAINFUARIINYIGE

processing algorithms and printing limitations. Individual errors derived from any one of

these sources is often small; but collectively, they can significantly affect data accuracy,
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impacting how the data can be appropriately used. The NSSDA helps to overcome this
obstacle by providing a method for estimating positional accuracy of geographic data,
in both digital and printed form. The National Standard for Spatial Data Accuracy is one

in a suite of standards dealing with the accuracy of geographic data sets and is one of

the most recent standards to Federal Geographic Data Committee.

Minnesota was represent } &andard s development through
raph|c In ___M the state’s Department of

the Governor's Co

racy or both.

corresponds to the data set
caClfiof those two sources.
5. Calculate a positional accuracy—statis gsing either the horizontal or vertical

s _"’L_J.P-W’n
accuracy statistic_wer "j-*‘ T

6' Preparek l'i. abdele bt Lt ol enlebnlelnl b el
7. Include ttk £l

j -

Steps in detail Pos jonal Accuracy Handbook 1999

AU ANENSwuInT

y of the data set is bemg evaluated, use the horizontal accuracy staUstlc

q Wﬁeﬁ ASINNIINYIAY

several points within the data set to the coordinates of the same points from an
independent data set of greater accuracy. Points used for this comparison must be well-

defined. They must be easy to find and measure in both the data set being tested and in
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the independent data set. For data derived from maps at a scale of 1:5,000 or smaller,
points found at right-angle intersections of linear features work well. These could be
right-angle intersections of roads, railroads, canals, ditches, trails, fences and pipelines.

For data derived from maps at scales larger than 1:5,000 plats or property maps, for

confidence le ' | '. means that when 20

points are teste or t Xecchflie, computed accuracy. If

Federal Geo i itteg.-Si d, ial WBlta Transfer Standard,

describes three a e iy itlg : 1) deductive estimate,

3. Selecting an inde _;_ pendght data set must be acquired
separately from the data set b aostested=H ffd be of the highest accuracy available.
In general,'the indepen Sohl lata-set. e.times more accurate than the
expected qg test data set - _ﬁalways possible or
practical. If v be found, a data set
of the highest {ﬁjuraicy fe accuraq. 1of the independent data

set should always bge reported in the metadata. The areal extent of the independent data

ﬂMﬂﬁm IV 1o b i

pom llows for at least 20 percent to be located in each quadrant see figure 2.7 Test

TSl IR AY

these conditions. It is not always pOSSIb|e to find test points that are evenly distributed.

When an independent data set covers only a portion of a tested data set, it can still be

used to test the accuracy of the overlapping area. The goal in selecting an independent
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data set is to try to achieve a balance between one that is more accurate than the data
set being tested and one which covers the same region. Independent data sets can
come from a variety of sources. It is most convenient to use a data set that already

exists, however, an entirely new data set may have to be created to serve as control for

aktest point spacing.

Pood ctal, o 9
AU finansweany::

s it is important to record th? inan approprlate and similar numeric format For

q RIANASHANTING TN Y

meter would be adequate. Use similar common sense when recording the computed

accuracy statistic.
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5. Calculating the accuracy statistic. Once the coordinate values for each test point from
the test data set and the independent data set have been determined, the positional
accuracy statistic can be computed using the appropriate accuracy statistic worksheet.

lllustrations of filled out worksheets can be found in the handbook’s case studies. The

NSSDA statistic is calculatedBOyA | H’ lligfg gout the information requested in the
appropriate table and_thBRae \ :_ ; %he sum of the set of squared

tdatd set sjord —_Md the independent data set

\/

dividing.the sum by the number of test

‘-"-a_ﬁ‘.-‘

A B v ' | J K

Paint Paint | lin a| v . e e o | (cliff in ) ® +
number | descriptiondf®pendel x fiF ) d ) tes diffiny | (diffinyd = | “ier i 4 2

9 ¥ —
ARIANNIUARTIN

Table 2.1 Horizontal accuracy statistic worksheet.

(Christopher Cialek, chair, Don Elwood et al, 1999: 5)



38

Column Title Content

A Point number Designator of test point

B Point description Descrrptron of test point

C x (independent) '

D X (test) f

E diff in x i '

F (diff in >P'—_‘ , d ' M x = (x (independent)x(test))’
G Y (m(I ‘ "sfygaint from independent data set

H y ( 0 ; OMicst data set

=(y (independent)—y(test))2

s squared difference iny

er OfpPoInts

. 1/2
quare Error (radial) = average

o ‘ _‘__ ‘, : __-’ r .
— _ % Accuracy statistic

RMSE

6. Preparing an acc racy statement. Once the posrtlonal accuracy of a test data set has

ﬂfmrr WEAS

Testu meters, feet) (horizontal, vertlcal ) accuracy at 95% confidence level Compiled to

cet meters feet horlzontal verti aI accuracy at 95®nf|dence level AdaMt

comparison vvlth an mdependent data set of greater accuracy as descrlbed in steps 2

be
To

through 5. For example, if after comparing horizontal test data points against those of an

independent data set, the NSSDA statistic is calculated to be 34.8 feet, the proper form



39
for the positional accuracy report is: Positional Accuracy: Tested 34.8 feet horizontal
accuracy at 95% confidence level This means that a user of this data set can be
confident that the horizontal position of a well defined feature will be within 34.8 feet of

its true location, as best as its true Iocat|on has been determined, 95 percent of the time.

When the method of compilingy egn thoroughly tested and that method
produces a consistent acé J aCysta ﬁd to meet reporting statement can

method of data collection

consistently yieldsi_g_ggs" 3¢ , s no worse that is, no less

testing proce

r daje® st piné ‘. Maits, acttracy is consistent with
previously testeg a'ta port’ this “canditic Singtoe Yol ing format: Positional
Accuracy: Compilego gfetf34l9f feal hbi y | &t 95% confidence level to

 the

appropriately | perative that the data

set compilation meg od S stz d; "\ Ulpentéd, repeatable procedures.

A &
It is also important t '~.\ diafid tested. Finally, the NSSDA

statistics compute n e - StMust.be dhsiste h'h DNGe all these criteria are met,
future data sets compil [ ame me ot M@ve to be tested. The largest or

worst case NSSDA statistic rop=att-test - Ways reported in the compiled to meet
J.'jl ¥

7. Includin ‘ o). rt the positional
-
accuracy in a qﬂjvplete de en desq d as data about data,

metadata lists the c ntent quality, condition, hlstory and other charactenstlcs of a data

HUEJ’JVIEJVHWMTW
ammmmwwwmw



CHAPTER Il

Geographic information systems of Metropolitan Waterworks Authority

In this chapter, it is rough the introduction and history of information

ﬁthe application operated in the

application as a supporting

system of Metropolitan

| benefits

process in this stud

e informations

,

, Y - : L,
2. | hINEIEffECtve serviGes, forlater user

\
3. To support the @all ce :,_.A"..;U" -

4. To support the use o : ~;-;~.‘:-:--:j msfior applying to the works of alll
inst@is
W)

Operatijﬂperl

At the begenln

ﬂumnummmmm

dIVI in 5 periods.

QWW@ﬁﬂimHWHW&I’mﬂ

suggestion in the marketing strategy plan). As a result, the plan was operated in 6

periods and will be finished in 2552 B.E. (For any institutes where need to use and
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would not edit the data, the use of GIS Web Application can reduce the high budget of

software (Arc View)).
The financial operating in each period as follows

Period 1 prqect%\“ /% e the budget for

K ar(g —ﬁb 000 Bath

Oi!,HOO Bath

1. Base map

2. Software

Perio g€t operatetfiscalin 546 BIE. udget for

1. Base map at : IOk Arag £a | < iy g\ t".l‘ Bath
2. Base map at boulfdary 18,300,000 Bath
3. Software 16,100,000 Bath

4. Computer and equigh 4,800,000 Bath

o

N ﬁ;t g f@udget o
AUEANNINGINT

\ Base map at boundary area 12,000,000 Bath

RN U8 Y

Total 24,610,000 Bath
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Period 3.2 in 2548 B.E.

1. Computer and equipments 4,877,000 Bath
2. Software and application pro a 17,330,000 Bath
Total \\\ /

// 22,207,000 Bath
Period 4 p@soal '254@@& for

2. Software andg@Ppligéti » ' 0,000 Bath

,000 Bath

1. Computer fogfhe Gicklip Cig sysiemy” % "11815,000 Bath
2. make the bac ! Stem for ay afl 5,280,000 Bath

Total _— 7,195,000 Bath

¥ LN :
= it
1. Compuﬁjend eq ﬂ ,000 Bath

Admlnlstrat&n database software 2,950,000 Bath

ﬂﬂﬂ’mﬂﬂiwmﬂﬁ

Perlod 7 project operate fISC in 2552 B.E. use the budget for

Qmmmm UN1INYIAY

2. GIS Web Application (on internet) 4,000,000 Bath

Total 5,500,000 Bath
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Total cost of Mapping and GIS AM/FM system management project is around

149,310,000 Bath.

According to the project, it is obvious that base map price is quite high and the

compilation of base map take ifleglo gomplete. However, Google Earth is an

application that is effectiv: |

-‘.=-———m--:l!| 9 =
3.2 DataofMW mapageme

N g A~ DN

em for decreases the water
loses. (District i Ploe data, location of Remote

Terminal Unit data

Route reading.mef
3.3

The AM/FM IS system data model allows GIS architects to define a relationship

AUIINBAINGINT

ut||| in running various analyses on the data. e.g. a pipeline GIS system can let users

RREHIEIL DL TIPS

entity or obJect and the pressure valve object. Designing a data model for any utility

company could be an extensive task which involves requirements gathering and

analysis, designing specifications and implementation. Implementation mostly deals with
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development of functional tools to assist users in managing and analyzing the system.
These functional tools might include object placement tools, analysis tools, reporting
tools etc. The functional tool development is generally done using a supporting

programming language. An advanced AM/FM/GIS software is always equipped with pre

defined functions and procedu\\\‘won GIS operations.

editing data b \ds . J*thode LdVE OiNg :'.___:. © record spatial data on
paper sheets W, " ""-', WO heir limitations on the
_ ) ‘-'i ' _;-" 12

When the GISKI/FM#Eysim

maintenance, imprg#emeg aplicatibn of data for further uses.

§r\e .{;- jahi _ thaWlihole operation of data

recording, editingg6r pginting W|II, o] n‘ which can make the

processing become miich ;.*.v;uu' ' ef
/ L . =

3
1

FM system or Gcility-anagement ~.'.', ement of public supply system

e
by using mapping data importeg=and=r 'd by AM system to analyze and design

facilities.

Aus IneiEggns
QRINNNIUANIININY
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Advantages

GIS technology has given many organizations a chance to stow away the clumsy
torn maps and go digital. A complete AM/FM/GIS tool not only provides digital maps but

also numerous time-saving an ’ ols.

N& f

: aﬂ ly in the past decade. With
increasing demand® ) e} .= *etility companies to improve
their business. anie rheen 10oking atinfarm tems to reorganize their

business proces

The public utili

ems offer full fledged
solutions to com 58 processes. Some of these

solutions are :

« Utilizing agfexist

. Supp‘w ng rlg_f'
i '

* IntegrationfWith

* Integration

» Cost analysis
. o' ory Manag
Y\

Investirﬂ A

in the long run. '

o v
AUPINENINYING
Y g I
An applied program for maqoing department iglilprogram developed (Uev_v

q eveloped and ’ esigned the character for easy using and adapted ry USErs proposes.

The program was developed by Object Oriented which is one of popular tools, for

ing Cﬂwelp businesses benefit
i

example, Visual Basic for Application, Visual Basic, Visual C++ etc. Besides, the
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Technology of Geodatabase can make users change from developing the program to

improving the database.

At branch

The applied pro r am developed on ArcView version

3.3. The applied pr
more abilities tOWM

can be used by both of

Metropollt Authority has been added
all thé trme

@ram used in this branch

The d M.graphic data of the

Metropolitan Wa following:

j
§

Basic map dajl is .r; "v.\~ ~ stem data, because the data

i H m "l i a‘ -,r- . h'; i
collection of pipe wé er pply S q'-ﬁ?&;f B refer \ Il basic map data as follows

Roadedge, Building, Lghdmerksand tand yd

d Blogy, Road Centerline, Master

P
i

Grid, MWA District, MWA Ad
23

=
Pipes Im data

equipments in pip water supply system in areas of the Metropolitan Waterworks

ipes, kN 480 Ui | 'nﬂ' e r supply
3.4 Transmlttlng data between ngpplng department andibranch

qwmm AFAATAE

time, so it is necessary to consider in data system administration. The sent data have to

: |—
supply@pes and positions of

be improved from each branch before being sent to mapping department to improve
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again. The most GIS data are used in the branches of the Metropolitan Waterworks
Authority. The leakage survey division of each branch will check and modify piping
system all the time by transmitting data between mapping department and branches by

FTP (File Transfer Protocol).

In case, the bronghos: } &morks Authority update any

information of MWA whiGhzhave Iand bas ___Mthe information will be sent to

Mapping Depaw T ,- asWappmg Department will

correct image coordin tos from Google Earth and

Pointasia Pro partment will copy the

information and f Metropadlitan i 1Ci MAuthOREVhenever the Mapping
.' .‘. s ) '_ "n,.

Department gets ti#€ oghoghaqtos ) the: | i Ok, georeferencing; printed,

compiled for MEA (MEtroj I & -?-- I. e, inBited to raster dataset,

(see figure 3.2)

Input users

AugAneninians
QRIRINTNNNII I8
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3.5 Introduction applied program “Editor Tool”

Editors Tools Program is equipment for adding, editing data which can work with
piping line data, plumping equipment, water meters, serviced pipes and routing

tign features for piping line and plumbing

equipment management sta [ / the application. The user had to
cut some selected see i . i ;’ﬁ!wnd pasted them on the job.

Ata or&e jost lling new piping lines and

The user was abl

gate data or ab oreover, the user could

edit the water s in the application, for

example, in ord ' > line o Pe crossing, use the tool
“Curve”. '

After editin gtaffom ’f' /uSeffledty eXPirt the data to be share file
in order to sen iAo ReA 1t ] \ ~ led™with the main database.
However, there werglSom@ types ofydateswhich P& cdifed without creating a job on

j Ao
the application such 1 d pipes, free base map; the user was

able to add or edit throu £nd could preview the edited data

:.-,
=
] ]
To log Editor Tool, the user took double click on thesCon with a cursor to

Iaunc)ithe softwar!'ﬁ should be anicon OM desktop. (

U INBBAINYINT

RN TAURAINYAE

When the user accessed the application software of Metropolitan Waterworks Authority,

there were 2 optional statuses appearing on the screen; editor tools online and editor
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tools offline. Editor tools online was editing online data; editor tools offline was viewing

the online data only as shown in picture 3.4

Editor Tox > envirbnmen - A the character of GUI
ame Uhof the Editor Tools program
consists of menu, BUttong@ind toglfj ,g:'.'

(A

i W e il

s I

§ Cabade ®opm b |

qR89NS AT A

Figure 3.5 The following diagram describes some of the features available in the main

window of Editor Tools.
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Toc: This part is used for explaining all data, and also controlling the data display.

Menu bar: This part is used for controlling such as zoom in, zoom out

3.5.1 Base map data i

Due to rapi

Metropolitan W:@ (
Mapping Departm nt_pf

In the proc rarol Toroyement iy Singeditor tools, the user started

- e

with “editing” improved as poly line,

polygon, rectang for street and sidewalk

illustrating. Pol € g as same as rectangular

feature. Circle feat

e@.;; by
=

Rectangular@y Circle

ﬂuﬂqwawswﬂwns

Figure 3.6 Sample of making the geometrlc basic map.

q RARINTRUURIINENG Y
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Figure 3. 7

&fylng the road line.
In addition, Googﬁsearwng f_%eets or looking for nearly

aYe)

streets which oa me tto bg Basicra R in figure 3.8.
"h. .
N \

% — S on G #Earth.

|—'

However, the tiJe map compilation in the editor tools apphdﬂlon by drawing with no

consideration of awﬁ)ordlnates of the buil g an not represent the facts as shown

ﬂuﬂhﬂ NENITNYINT

Earth ows orthophotos which glvas an accurate descrlptlon of building. As shown in

A RABNTEI R ST MBI

can create polygon and line, as shown in the figure 3.10.
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Y/

' i / lypes of accommodations.

ith th 2 [new markup language,

eyhole Markup

Information Sy{ﬁn
arkup Language). For more convenient in usmg through the internet,
e | med_KML
ﬁ ﬁ%l WI' ﬁ asii vegsion 2.0 at

pres“ which can work Wl‘th Google Earth client version3 and upper versions which
supports dlsplaymg ) types of vecﬁr data the same 463BIS: point or placemM a
to sWe rS|o| OH

XML (Extensive

p%par

rth and can fix any point de a| s according to the optional icons of the application.

q W'nt a
a
KML is in the tag named <icon> line consisting of a set of more than 2 points. To create
vector data, the user can use the tag “Linestring” from Google Earth application
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The users have to buy Google Earth Plus application before using these
commands or creating the vector data by writing KML. Polygon consists of sets of arc
and sets of point in combination. KML can display both of simple and complex

polygons. In Google Earth application, the users can not create polygon data; they have

to buy Google Earth Plus app\\\"” a/olygon data by writing KML only.

3.5.2 Thei water uség
— 'I I E
— %
The updating o rchihg for the information of

water users, and keeping track of

water users in a arts with editing, select

required data and \ to' he-meten tt 88, ‘L' 68ator tools” to search for the

QUEJ"S _ Dﬂj’ ?
RIANTRURINEIA Y

Firstly, select an data type to specify the information for searching, for example, finding

the data from an important place or street, then select sub elements in Branch-Zone-
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Block for advanced searching, anyway, some data types can not specify sub elements
but some can, for example, serial number of piping equipment can be specified to types
of gate valve, fire hydrant. After that, fill other additional detail and click the button

“Search” for searching. Click the button “Position” to zoom into the selected area from

i

1 2. \Winc hows the im er useEjnformation.

£ ummnmmmm

needed position.

'qmmn‘smnmmmw
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¥y

analysis of solving water

atelin 'G8ographic Information System

‘t flows, throu@h each of water meters is

unclear. In the future, i€tropodits Waterm orityls going to input serviced pipe

i

data into GIS and it will be ‘ricrex

e water user data without the base

map. Anyway, Google_E ai i‘—f-':'_’:g‘.-';'g, Fﬂ! placemark” which has the same

licationk feak - it h in th
applica IOF\@ s as the input o _ Jlﬁj)lyass own in the

figure 3.15.‘

ARA9N

Figure 3.15 Placemark of GE can also show the data.
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3.5.3 Piping line illustration

Piping line illustration consists of 2 parts; water pipe and piping equipment.

Water pipe is classified into 3 types which are Main pipe, Distribute pipe and Tunnel,

ducer Fire Hydrant, Air Valve, Well,

rotection.

i
. F q .:'r’;gﬂ‘; o I'. A i . .
Figure @16 S Spreser FRc dplge€Guipment in editor tools.

!

In order to illustrate “‘--':;;:';:d_z:; o opening a new job by using Job
Management on the buttoffbarEelestad] e edited by choosing as pipe and

—

then name@ b

o
of contract — Ref .

' irignts. The job should

No.) and an oﬁer or eﬁlme, 06G-22(PTT-202-
N i
001)024 meansehat the job of Mansri branch office locates i e sheet of G-22, PTT-

202 Contract With‘eﬁ 001 and Mr. Somkkun officer for this job as shown in the

MU INENINEINS

QRIAN TN INAE

fig
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1 Copyout Flzature

Input Job Mame
’]DEG -22[PIT-202-001)024)

Method Selection

Then, the userius® u : \éi ‘ » ired data for improving
map data. "Metho@*Sel G 5-us A i working area selection;
those are by using $ , 5 ek N ‘. : " application would display
the number of: i ¢ Bctet A ihe W ‘ py the data for further

working. The user 19 sele € 3N d" chdin Je guip” in order to copy the

Whenever a brangk ﬂp‘}’i "%ﬁ': IS data of the branch office are
incompatit@ g ' b‘&: h office can inform
Mapping arw . 1] ier being informed,
Mapping Depaﬂsﬁent is rom:ﬁ database by using the

Aug ik
QRIANN 1818

Figure 3.18 The cancelled pipe line shown in light orange color.
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3.5.3.2 Piping Replacement Process

Whenever a branch office of MWA finds that GIS data of the branch office are

incompatible with field data; the data of sizes, materials, pipe contract and installation

office. In order to e 7 - : he pipe and use the tools

button “Updat

L
Wheneter a branch office of MWA finds that GIS data=0f the branch office are
incompatible with '%I.nta; some pipes for whilef the branch office is responsible are

) i ﬁir%p Hawofﬂci i% ﬂorm ﬂn@epar’[ment
of ‘bmg installation. Mapping Department will edit the GIS data to be compatible with

the field data by clicking the buttc‘“DIS” and installipgibe pipe line as requw In

WIBIN AR NENRY

from Google Earth can be used for creating the Land Base on the application software

—

of MWA which makes it more convenient to update the data directly and the data must
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not be forwarded to Mapping Department. Figure 3.20 shown is the map which has no
landbase, so it cannot update the new data. The orthophoto from Google Earth which

has the missing house and construction photo.

TTEE N

"r-,

e missing house.

Whenever L ‘ it

incompatible V\Lj field da

inform Mapping Dgpartment of the piping equipment abandon in GIS. After being

AUBINIAIAYINT

mg the abandon; the abandon equipment will be turned to red.

ammnmwwwmw

branch office are

. ¥
a andonﬂthe branch office can



60

Figure 3. ' ipe, ‘ hown in red color.

Whenever adg C ' AGISiiata of the branch office are

alve is improved and

type of gate valv . it ihe field data, the branch
office can inform | De & e pij eq men replacement in GIS.
After being infor 3 ' \. nesdatalin GIS to be compatible

with the field data e @ra he data, the users have to

‘ : \
select the tool “Réplacell and sBIdEtthe% DiNg :\ﬁ jpment and then the users will
enter the editing window Jst.SHEWNZiN® the B.22.%After editing, click the button

“Update” to confirm the rep &J?’r

FVSTATUS :

PVSTATUS :

ARIAINTUAMINLAE

Figure 3.22 Window editing pipe equipment data.
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3.5.3.6 New Piping Equipment Installation Process

Whenever a branch office of MWA finds that GIS data of the branch office are

incompatible with field data; some piping equipment for which the branch office is

e, the branch office is able to inform

Mapping Department of Ji % . M‘apping Department will edit the
GIS data to be con& ‘ ; seare O optional types of piping
, Air Valve, ¢ 7 ell, Gauging Point, Blow Off,

equipment; Reducie_g,_;_[e_
Master Meter and Catg

responsible are not shown in

choose the required piping
equipment to te | z e - = along the piping line.
Whenever the pi | : always shows 00. After
sending the data tQ#fapginglagc*Py intir oLl \ ady. the Department will set

codes of equipment g O diftrif N e,

e B
=

il
Figure 3.23 Theljnifu ﬂg the pipe line.
‘ i

Google Eeﬁ\m be used as an assiifght for piping installation design and

AUSIRINENEADT

Google Earth to measure the dlstate instead (in Cas e Editor Tools has n

RIRSTA™ SIRIANAY
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CHAPTER IV

Research Methodology

‘development and an improvement of
mapping data of Metropo \ be more accurate and up to date
in order to support % in our s@;_é@ys. Metropolitan Waterworks
@ewices for the public.

ave been developing

ovince which has the

eds, the number of

penjump , Octave.

A w0

Program for‘

ﬂ UHANUNINYINT ..

surface allowing users to ‘sually see thmgs ike cities and houses

ARIRY NIUIMININY

interest and popularity, but most land (except for some islands) is covered in at

least 15 meters of resolution.
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2. ArcView is a geographic information system software product produced by ESRI.
ArcView GIS is a powerful software that provides for visualizing, querying,
exploring, and analyzing data geographically. ArcView is a powerful GIS tool

that can display information (which resides locally or over a distributed network),

read spatial and tabulag i ‘ g fgbm a variety of data formats, access

external databas : ] ﬁ(use colors and symbols to
represent fealidies a8 ' based on their attributes),
perform spatia - @to database attributes,
provide several o S igh degree of customization

3. Editor to : ) jran , as Arc View which was

4. FWToo) 7 ofe) soUrges ‘. Wikcl information systems

al GIS toolset is made for

Microsoft Wi ow ; *m He S includes several popular
i 0 R E I, 7 \\ ) inclu v popu
subpackag OpeENEV urE:, ' \' Proj.4 , OGDI , Python

programming g

5. Openjump is an open are written in Java. It is based on JUMP

ﬂu-i— ;o
GIS by Vivid Soli »-:—Wq

o OCt Js'a high-level language. ; @rical computations.
It prL'

problenlﬁjwumerica

linear and nonlinear
| —
er numq | experiments using a

language th tis mostly compatible W|th Matlab [t may also be used as a batch-

A ﬁﬁﬁ% HNINYINT

problems finding the roots of nonlinear equations, integrating ordinary funchons

RV

functions written in Octave's own language, or usmg dynamlcally loaded

modules written in C++, C, Fortran, or other languages.
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GNU Octave is also freely redistributable software. You may redistribute it and/or
modify it under the terms of the GNU General Public License (GPL) as published

by the Free Software Foundation.

4.3.1 Collect ﬁﬁa

Firstly, the‘e cher studied the se 5 of the free map program, Google

4P sal ”mﬁm;ﬂ HANG

the programs and after that, analyw the processes a the information Iayersvhe

ARIANIIU AN MY

applied program and Google Earth were analyzed, including how to process the applied

program into Google Earth for comparing and how relative the positions from the
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applied program and Google Earth were. After roughly studying the relations and some
problems of these positions, the selected areas finally would finally be studied. These
areas were containing all the distribution of the control points. The coordination was

converted from Indian datum 1975 coordmate system into the WGS84.

requlred files and separating into

window.

ks P ." o ..-.vr 2
carcher opened a new file @ layer and selected

r that used the tool

: —
“Select Featurem 0 choos would ellow as shown in the

figure 4.4, then w t to the Menu “Extensions” to close Geoprocessmg and a new

wa ANONINYIHST

and changed “Zone” to “Overlay theme” an finally, outputed the clipped ﬂles as

AMTANA Tl TINg 8
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Figure 4.5 Selec g.the file needed @ Cl|p7e

q W’] A4l

IR
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| s
l‘llli" Joiep flal - 1) D

In this thesis, file ' & thade’ M W such as building layer,
hydrology layej : jer anc 3 r Wk cording to DMA, there
were totally 78 ar | & <% ‘r1: o .":\ consisted of 3 files with
different types Whi , .dbf, _,__ sl Show ~ e figure 4.7. In some data

layers such as a I ippedl however, there were still

T e —— e Fom————

ﬂUH“WI EJW?WE]”]ﬂﬁ

Reglstratlon

q W’]@@ﬂa@ UURIINHIN Y

files by transforming the information layers to kml files for processing in Google Earth.
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The researcher started transforming the file typed as shape file into KML file by

using FWTools application which the window would appear as shown in figure 4.8.

The resgé : bde #0029 N : ype of files from share
d:\ and then entered the
code “ogr2og file.kml input file.shp”
(see figure 4.9). e window would appear
as shown in the figug® 4.40.4 ," i epe file was saved, showed
another file as typ : oulBl& cliBked on the KML file to open
with Google Earth and omg@gﬁi ] § MW& and orthophotos from Google

Earth as shown in the figure 4 ]‘

’dji‘gl ,«J‘

Figure 4.10 Program was running.
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-
-
-

||§‘|

ITOR0E. el 110831 B ikp 11830 L she

Figure 4.11 K\“ yfy C anged from the shape file.

Figure4.1 he 8d line ) "" 2 [ asiddlapted to KML file.

It s found that the inform ation of M\ d orthophotos from Google Earth have

e coordinate value difference

Figure 4.13 The MWA information layer was not overiay on the data from Googie Earth.
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4.3.3 Datum Transformation.
After the shape files were transformed to kml files, the researcher processed the

information layers in Google Earth in order to see whether there were any differences

pogle Earth; if yes, how much was that

difference. The informatio layers fron edidian datum 1975, while the layers
from Google Earth By, 0 the posi -____W to be transformed, because
the two informatiym M’s_'werry different f%'m

%,

nsky formula could be

used for datum t i Indi L i 19 orld Geodetic System

1984. (Reference: S iaDepartment; The Variable
xl

Optimization f

In addition, the FWTo@ - pporting this research. For the

@ required the code

shape file ._."
“ogr2ogr” * 4

— —
transformation M/ s “ogr —tmerc 13 ps=evrst30 +lon_0=99

+x_0=500000 +k=0,9996 +towgs84=204.5,837.9,294.8" -t_srs epsg:4326 output file.kml

- A

Figure 4.14 Inputting parameter from the Royal Thai Survey Department.
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The result of the transformation was creating a new KML file which was recorded the

edited parameter. The KML file could be basically tested for accuracy by visual

inspection or using the tool “ruler” from Google Earth application. In this research, there

A

Figure 4.15 The inforng@ftionges J- , 8w ttinglbarameter from the Royal Thai

l'I- A‘— [ L)

o — L — — — —
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4.3.4 Processing.

After transforming the datum of the information layers, the transformed layers

would be processed in Google Earth in order to find out if the layers from MWA were

overlaid with the information o‘- 604 aithy The differences in the both information
could be checked by visuals : | {/researoher has checked by visual

*waused modeled systematic

Accuracy An

In order to sear

converted the i ‘ ; )sSHileirs” icon, then, added

Q u e shdws Postioneor the A infrmti ayer adde byﬁacemark
‘ at random.

ANl URIANLUAY

layers of MWA. The alphabet P in the figure 4.18 indicated the Placemark on the layers
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of MWA, the alphabet G indicated the Placemark on the layers from Google Earth. (see

also figure 4.18)

Figure 4.18 Picturgfshqiis o"' e ndi s Earth information layer

A Y

It was shown that the ffoordipatEAransit layersof MWA were still inaccurate,
{ A
however; P1 and G1 @oordifl "ff’:"’s. t: ared¥n the same position as shown

in the picture 4.19. From the"ViSUa) INSPEC!
p e f@{‘:‘l }Jl . ‘1‘

measure th@or' h laye

he use of the tool “Ruler” to roughly

gl
e L
-..“;-41 =
Q\ W | AN HE §17
e
Figure 4.19 Picture shows the position of MWA information layer in comparation with

Google Earth information layer.



75

From the layers above, the coordinates of both layers were shown in the table 4.1.

| MR Geoge Exth
et rurmbar E | | E ]
1 RS0 53] 15013579.54 |[BER9 17 14 | 1501340.50
] BERS0R62L1S01355. 92 | BERHTE 44 | 1501366 592
£ FEABES f 50 |GEGEAS 62| 1S013TE T
+f i Ol | fa6561 61 | 1501355 44
5 \ 521 AT[ 150155121
s 73150139101
- L 1501405 .41
DLET IS0 et 14 15 4 2
' = 1.774150137 el S E IR
R I7E EEECT = . 3738
— 45 T at?- e GaL 10050 18
- ¥ R FE &
; E : EME06T. 14
) TR TR 2 33, 0]
E 2 ._"(. ’ L= 3 o 1L ), 1
295 _ Eh N L T HE 45
4 21 SR 0} 0
L ) Kl R * ]
; %1500
g 4 7 0 i
oordi dle Earth.
|’ :' L
The coordinates in ti§e taidle 2.1 ca ; car ccuracy analysis by RMSE
£ - 'v_. "
(see also the table 2.1 fin
"" i
Jlindependent) Tltest) | fibii ! ¥ diffin ¥ (UFin T2 | in X2 )H] iffin T )
GEE200.33 686917, 14 - -10.96 1201216 4027
GE6006.62 602, 0 i Za 4039
BE6852.10 1| | 073121 360.7
66845, 04 B 24555 360 353.1
GE6902 .43 - 610961 526.6
6E6905.42 [t 1038841 443.0
6E6002.68 (. .4 3681 428.1
GEGE60.87 E\%ﬂ?ﬁﬁ -10. 110.0401 820
BE6E54.77 5%65 22 Silay 1z -11.@ 170,96 400.6
EAE42, 38 EEEEGE. 10 1578 | 249.01 | 1502335.62 | 150234738 | -1 1352076 3873
6E6845. 77 [} 2. 84 -17.07 291.38 1502906.39 1502920.18 = 190, 1641 481.5
GE6848.86 BE6865. 4 -16.61 275.89 1502917.33 1502929.20 -11.87 140.8969 416.8
686941.69 3, 1503055.04
. | 1503078, 72 |
. 62681176 ; ; 1500504, 75 50051566 | 10, 119.0281 | .
Eaﬁ 14 | 6E6806.40 -16.26 264 39 | 1500546.59 | 150055473 -8.14 66,2596 F30.6
SUn ?64?
Average 382

AR mmmumqw@ﬁw

Table 4.2 Accuracy report.
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From the table 4.2, the coordinates of the layer of MWA and Google Earth could be used
for conformal coordinate transformation and affine coordinate transformation according
to the function mentioned in Chapter 2 for which conformal coordinate transformation

had to be performed first. (see calculating process thoroughly in Appendix) For that

transformation, the researcher
out the parameters. \

& 865 2e+00% -1,
1 501 Je+006 4

6 E6ATAF 005
1 5029e+006 6.8
& B6%0e +005
1 50310+ 006 £
& 86000+ 005 i
1.5031e+006 & =
6 B65He +005 500,
1.50020+006 686584
68659 +005 -1.5003880 ! 1.5002¢+ 008
1.5003e+006 &.8465% 3 . 5 MS‘?HU]S
6867544005 -1.500 & 1.00 J B
1.50048+006 6.267548005 0.000 | 635?3«035
6. 56820 4+005 -1.500864006 1.00
1.50048+006 6.8682¢+4005 0.000
& BEH1a4+00% -1.50060+008
1500694006 6.86816+005
¥ i
} pud
Figure 4.20 Ex eter aﬁonformal coordinate

transformations

AULINUNIN g

trang ‘matlon according to the function mentioned in Chapter 2. (see calculating

process thoroughly in Appendlx a':j used the applicaff@ of least squares to Mort

AR ANTINGE
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. A6%Tes005 1501304008 1.00008+000 0000084000 0.00008+000 0000084000
0.0000e 000 0000084000 0.00000 000 6260204005 L.50L3e+006 100004000
b UGFIe+005 1501484000 1.0000+000 0000084000 0.00008+000 0000084000
0.0000e+000 0.0000s+000 0.0000e+000 63560204005 1.501de+006 1.00000+000
&.0607e+005 1.500de+006 1.0000e+000 0.0000e+000 0.0000e+000 0.0000e+000
0000084000 0.00008+000 O.00008+000 §ELETe+00% 1501484006 100008000
£.0655e+005 190144006 10000 +000 D.0000g4 00D 000008000 000004 000
0.00008+000 0.00008+000 0,00008+000 LBLUGS+000 1.00148+000 10000484000

&880 T&+005 1. 501€4a+006 1.0000&+000 0.00000+000 O0.0000&+000 000006000
0.0000+000 0.0000e+000 0.0000+000 G.005Ze+005 1.501de+006 1.00008+000
& HTE+005 1. 5014a+006 1.0000&+000 0.00008+000 O0.0000&4+000 0000064000

0.00008+000 0000084000 O.00008+000 & 260284005 1500424006 100004000
©06%2e+005 1.0014a+000 1.00008+000 0.00008-+000 0.00002+000 0.00008+000
0.0000&+000 0.00006+000 O.0000&+000 5 1.5014&+006 100006000

6.0603e+005 L 5014e+000 1.0000+Dg i 0.0000+000 00000+ 000
0.00008+000 0.00004+600 0.0008 1503484006 100008 +000
£.868Tee005 1.501404 008 00 o QP00+ 000 0.0000g 4 000
00000 +000 0.00008+CD0 ] r, 100008 +000 .9 T 001
& HedAe #O0S i A | / 0.Sah0e+ 000 1.4855e 004

0.0000¢ +000 Jis 1. 00008 4000 — | 47a06es009
A = | b ibida+00% 0 G0 &+ 000 x - 1.8 %5e-003
2,0000¢+00 9.595256-001

6. 068 Te+00 M0g s, o ! : { -1, + 01
0.0000 000 :

£ BEEE w0
00000

Sauiil ]
1 <008
00 0.p0gis ool o gng

29250
17508
gkl
15701
LT
1.025830
1.IMGS06F
0.548189
0052643
“1.20360%
SR L)

=

Call%

. s

-+ 1053500
1.5005e+008 0. Al D
6857 R+ 05 071071
1,500+ 006 ~2.142477

%Jz&l ANHNINEID

w transformatlons

IUININBINY

residuals from conformation transformation and affine transformation. From the table 4. 2,

the differences in the vertical and horizontal axis were systematic sizes and directions.
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4.3.6 Update.

The next process was an update. The land base or the information layers were

processed in Google Earth by digitizing in Google Earth, and then the lines which were

kml file have been transformed bg able to use in the program of MWA.

file of MWA with GW d u&j thel v oo -
standing for bu|| Qtas fra N lesEarth. (see also figure 4.22)

Er T | u gepr b =]

A P Rerrla— . _— == = == — e

Figure 4.23 Saving file as KML file on Google earth.
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Actually, the researcher could create KML file with the use of GE tools. The KML file was
able to be converted to shape file through the FWTools application by entering the code
“ogr2ogr ogroutput.shp input.kml” The shapefile that was converted from the KML file

would be separated into 4 different file types; .shp .shx .dbf .prj. (see figure 4.24)

2V,

4y : v
After that, the research@f operee=H the sha hich'w@as transformed the datum, with
Openjump program (see ﬂ dre-4.25) anc ‘ bnverted the shapefile of “Building”

created in Google Earth.ta -,L-"J‘Li‘i-':*‘,,g:w lication with the code : ogr2ogr -f

"Esri shapém' fS—pyrst30 +lon_0-99
' =]

+x_o:5ooo‘0' input.shp

gy ————y

hqnﬁ.-—-n-iﬁl G A= e O

ﬂﬂﬂ?ﬂﬂﬂiw
qmmmmummmaﬂ

Figure 4.25 The MWA information layer opened by Openjump Program.
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In the next step, the researcher opened the shapefile created on Google Earth with the
Openjump application in the same way as the shapefile of MWA as shown in figure 4.26.
The green line represents the MWA information layer. The blue line represents

construction built by Google Earth opened in Openjump Program.

\\\

ilt by Google Earth.

=all’ of the features in a layer, usually

ch as vectors.

An affine transform is a linear transformation that is defined by the initial and final

ﬁ E]hﬁﬁ g%gﬂ Bf‘{qt _e»_ 5:1 .Shear
Affine trapsforms can be.ircky to Sbply.propetly sordes you get resuls tMou
AR TUURIINEAR

rather, a new layer is created
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Figure 4.27 Applym

points.

of a layer. This usage

involves one vectad ' be Totated, s ped, or sheared — just

When you sup yec : 2 ’ | 8/ atelg d, and scaled, but not
flipped or sheared : ce | i I

When you supp“ hrie'. vector, S lay NS . rotated, scaled, flipped, and
sheared (see Figure 27 ' '

)

The next process was a WaFg geometric corrections in the files that

have still remained some-&f

selected t@o

layer forwak o

ger run the Openjump application,

& vfn selected source
-:: v Briing "
] ?
: | ;

er ETonIs ugtormize Mindow Help

AUER

1 Edit Geometr}f b| Af'ﬁne Transfarm

Clear &ll Yectors

Copy Layer To Yectors

QW’INWB’MSJW]'WIEI’]MJ

Figure 4.28 Choose source layer.
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After selecting the source layer, the researcher selected green lines which were
required to warp and blue lines which needed to be replaced by the green lines. (see

figure 4.29)

When the warping h ( Ii on the mouse and went to
“Save Data” to § vafbed shape Oh &t W ile to KML file with the
FWTools program _ ' 8 . I.
“ogr2ogr -f "kml" s here ps—6 \‘-, B0 +lon_0=99 +x_0=500000
+k=0.9996 +towgsS4 £204.8 ‘-J.;. .i‘,i 8" - g:4326 output.kml input.shp”

The warped file had to ’ﬁl':-_'._:‘.-"‘;al;ﬁ ain in order to examine how it was

accurate. (@i 77
‘ ;

Figure 4 30 The file after warpping and comparing with the orthophoto from Google
Earth.



83

=y
.i'l_
al LE
o
|®
|

Figure 434408 |eftoftur i€ Hifo in » Rl is after warpping.

w i i

According to i '_ ol” for measuring the
' Il

difference of dinates all around the zones, it was shownlthat the warped file was

rather completely ‘e& with the orthophotow Google Earth; that was the overlay

utiananingns
QRIBIATUINTINGIAY

updating, it was found that the information of just-built village has not been found in the

information of MWA but could be found in Google Earth. The red line represented the
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information of MWA and the just-built village which MWA had no land base stood in the

green circle. (see also figure 4.33)

,. H

‘‘‘‘

Figure 4.33 H@Use P _r Ic VWA information layer.
The researcher colild ugllate thellat --If':: lation laffer of MWA with the orthophotos

from Google Earth. Fi : tly, ’(f! archeru , tool "dd path ol in Google Earth

to digitize the building Iaye- ‘,./ illage. (see figure 4.34)

QA6 TR AT 4

Figure 4.34 The left picture is before update. The right one is after digitizing houses.
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After digitizing the building in Google Earth, the use saved the building file as KLM type
and converted to shape file by using the FWTools application and then merged the
warped shape file of MWA and the shape file which was digitized in Google Earth into
the same shape file (that meant there were 2 shape files merging into 1 file.) However,
the shape file of MWA was UT \ i agnape file was Iat, lon which had to be
converted to UTM before.’\ ' io // Mmade with FWTools by entering the
code “ogr2ogr -f "E@—s_ys eps@?projtmem +ellps=evrst30

m— 0 ——
+lon_0=99 +x_0= 00 0.9996 +ton~gs%%@37.9,294.8" output.shp

input.shp” ; ..‘ .
And the file ¢

Ehi sl
'y £ d-

Figure 4.36 left figure is a file before merge right figure is a file after merge.
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After that, the researcher opened the original file of MWA (which was not transformed
the parameter from Royal Thai Survey Department) in Google Earth ( it was possible to
open in Openjump or others, due to the great number of the transformed files and
untransformed files, the searcher opened the file in Google in order not to

' oogle Earth as shown in figure 4.37

misunderstand) and opene

d thenne

Figure 4.37 Red layétis auMWA/file
g B o8

Q.

The Overlal

er is a digitized file on GE.

A L)

-
?jised a lot of errors

L 1Y
er had to process the affine

because of thé'.i a
11l
transformation ” e more time to move the updated file to tdu‘previous coordinate of

MWA. Differ averaé mout 20 meters after a”trang‘ormation.
AUEINLNIYEINT
Y > % |

RIANIUNEINENaY

Figure 4.38 Green layers are updated files red layers are MWA files.
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In the next step, the researcher has found the coordinates of the untransformed layer of

MWA and the updated layer by selecting 20 points on the layers at random to find the

difference. (see figure 4.39)

Then, the researchere

']

updated filg

quzi"‘ia;&
ARIAINT

Figure 4.39 E“":‘" e

pord, rurTter

,c‘

'“1_-;- as. itable 4. o

7‘;

| BERSES BT

1 BEERT] 4| 1A956E5
d EEEG01EE

B3R5, 71

xfﬁ fl F-’-h'J""l&- L

} big

TR :
ﬁuﬂ'qlﬁﬂalgl‘ﬂi-z

Xl AR IS S
25| eerii il 1S
02| B8 I"I"-l

a and updated file.

nio at|on Iayer of MWA and the

Table 4.3 Shown coordinates of MWA and updated file.
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The coordinates shown in the table 4.5 could be used for doing the accuracy analysis
by RMSE. (see table 4.4) The result of the analysis showed that the NSSDA was fairly

similar to the result of the first process; that meant the process was systematic.

Hindependent) Ttest) diffin 3 | (diff i ‘ 1] test) 3iffin ¥ [3fFin Y2 | ({3 in 32+ diff in ¥r2)
63607164 | 6E86955.67 | 15.97 | D559.39)] 1499679, 19| 10.16 | 103.2256 58,3
526991.66 | 6E6975.68 | 15, I E i 10.18 | 103.6324 359.0
586620.71 | 6661375 | - o |eed. 17 | 103.4289 257.8
586638.36 | 6662240 | 1 499471, & 0,19 | 103.8361 358.6
626627.72 | GE6621.74 1499462.84 BT 1025361 350.2
536524.05 | AE6508.00. d7e |14003@2.52 [ 1 CERE 1026324 3584
636544.27 | 626525, 396 . 1499%06.24 i 1038361 258.6
586516.01 | 686500.07 [wis | B |1499352.26 | 149995 |10z 104.0400 358.1
586536.32 | 686 =R 257.08" [ 1499355.55.) 3 04,4484 258.5
B57134.33 58711841 | 25804 | 1480925 3] 3915 16,0 1044484 350.5
587142.40 _ g T ST eh 104.2441 250.3
BE67E5.47 GRSt | | 2872 | 100987 5 P T 250.0
BE6793.27 777, 2l ; ; : 7 14595 B2 | 104,652 358.4
586883.04 g 0&.0200 3526
586820.53 355.8
687278.43 , ' 357.7
687120.75 244 .i! I B]1S | 105.0625 502
E86057.09 ANF 2 a0 | : ‘ B D4.4484 257.3
E9E022.64 | FoE0RENe2 | 82 4 24l 12 |1c : 1575, 1062951 353.4
BE6500.91 | 506485, 03 | 5 ool 25017 SEC .7 . 4484 356.6
, ) N [SUmM 7154
Btverage 252
[RkSE 19
NS0 33

P 1
L 3 V23 :
Table 2.4 Ag€uracyoatw Vi 2 yer ang Uptated file layer.
k
Because the affine 'ﬂi-*; on— alway d the errors; thus, the researcher
divided the: ei )-zones to tes 5 figf\4.40) The first zone

and the thir& . > ,;ﬁ%f/varping in the second

|
zone caused sgme errors as same as the warping in the third Me; but the second zone

showed only a fe‘ ﬂrs According to the@ the warping on the second zone

futingningany -
QRN TUNM NN
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The researcher ha rl‘q’_ "’f;-'-'-‘-; g porntse l‘-.. u (see figure 4.41)

Figure 4.41 Blue point is a warping point.
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After marking thé i . » _ lectc e tool “Warping” in the

Openjump. The res idura L M

l-' !J 1!:3[

e

_

o 4 !.
-

-
|“

'
|
he left picture is before wrapping. The right M is after wrapping.

ﬁﬁﬁl ANANINYINT o

omt nd find out whether the NS?A of the multiple w rplng points are less t

qmmmmum'mmaﬂ

Figure 4.
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int at rahdom.

After completiol G'e' > ) _ ated shape file to Indian
1975 and then open iith ti§e E S o W ) by

The method a8l progesssb "Eﬁw‘" be oM for updating the base map of

P et

MWA consist of multi- rev;r ,J;-:.‘-r.r:” yrmation which may cause some

i ;"a,,»
mistakes anﬁonf S

0 thﬁ@w chart to make the
process ."4,.---—-----------—-----—--—------------—-—--~—----—--—-~—-- , the research which

helped operating;

ﬂuﬂ’mﬂﬂﬁwmﬂﬁ
QW’Imﬂ’ifUSJW]'mEI’]ﬂEJ
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Shape File (MWA Original) KML File (reference point from GE)

Molodensky (AX=-204.5 AY=-837.9 Az=-294.8 )

X
<
=

File Shape File (Lat, Lon)

NSSDA

\4

Sha[e File (Lat, Lon)

KML File (Digitize ofGE)
FJ' i
Shape File (Lat, Lon)

Shape FiIe& A

Figure 4.45 Flow chart of Updating methodology.



CHAPTER V

Research Results

ols of MWA, it is found that
data easier and also
searcher has chosen the

proximately 5X5 square

0k 78 DMA (as shown in figure

5.1).The DMA layer can be*st aFacteristic into 3 types; vertical layer,

. e
horizontal layer and squagesle

Figure 5.1 Data layer divided into 78 DMA.



ﬂUEJ’JVIEJ‘Vﬁ‘Wﬂ’Iﬂ‘J

AN IUANINGA Y

Figure 5.4 A sample of edited road-data layer of MWA.
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5.2 Registration.

After importing the data layer of MWA without inputting the parameters from Royal Thai

Survey Department, it is obvious that the data layers of MWA and Google Earth are not

overlaid; there are namely a lot,g \*

in figure 5.5.

‘ 287
i i . "';;_ '..I
Figure 5.08Datg .aif WA@nd GooJIe\Earth are not overlaid.
y N =Py . 5
y ‘ \
. & ".; v \'

5.3 Datum Transformafion. g =

R
e

. ."’L.J.-m - F’
When the reseaft -vﬁ'_';‘_f-"’_v-’pgcup-f a by inputting the parameters
from Royal@ Survey Department, the re _ _))f MWA and Google

Figure 5.6 The layers of MWA and Google Earth are almost overlaid.
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The layers of both systems, however, are incompletely overlaid when the researcher
randomly tested the positional accuracy by using the tool “Ruler”; the magnitude of layer

difference is approximately 20-30 meters.

/}/&l ai Survey Department, the datum

Ear‘[h al Wn in table 5.1. And the

5.4 Analysis.

VMA and Google Earth.

L)

ol o2 |Eaxraamn )

656900.33 Wk _Bon Jgi 10,1216 402.7
£96906.62 K T11, 121 403.9
£96552.19 £56.68 870 -9, 97,8121 369.7
F96345.94 BH6961.61 -15. : T & 0135344 | - 107.5369 353.1
E96002.43 1.47 -19.04 | 362,52 | 1501368.40 | 1S01381.21 16,0961 S2R.A
52600542 620923.78 -18.36 | 337.09 | 150138072 | 150139101 | -id. 105.8841 443.0
52600268 17.88 | 510.60 [ 1501395.00 LISQ1405.41 [ -10.41 [108.3651 428.1
685860.67 110.0401

68695? 23 -14. ; 15030?8 72 1503088 DD -9 86,1184 :

! 636520.54 -17.60 309,76, | 1500215.68 | 1500226.53 -1085 | 1177225 427.5

BE6572.57 636585028 -12.51 156, 150029623 | 1500306.45 -10.22 | 1044484 260.”

686731 SEI 686?45 49 cilzh ; 150034? 43 . 3
=3 A

= Pl 1100 i 6608
B0 | Bioeid |8
EERN EN

Table 5.2 The coordinates can be calculated for the NSSDA.
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According to the table of calculating the NSSDA above, the result shows NSSDA = 34;
that means:
Positional Accuracy: Tested 34 meter horizontal

accuracy at 95% confidence level

This means that a user of this jonfident that the horizontal position of a

&tion, as best as its true location

After that, when thq__r_e - GF | ged ‘ i frem the table 5.1 to operate the

well defined feature will b

- e

conformal co S i Ihgle, traffSfermation. The results of

residuals value a

285322
; 116735
0311411 '] 1 b EEEEEY

0557951 0117508
V= |osean 0622496
0305535 -0.315701
0435853 ; b el / 0252712
1 955677 _ e 0175530

Be7

E57321
319331
0.365130
-1.91756¢
-0.295279
-1.668540
-0.741070

-ﬂ 637072
J. E‘Eﬂﬂlﬁ

% ’JT/IEJVI? na
smmuma NAUIAY

transformation. (b) Shows the residual values after operating the affine

r\JCnC-HDI\J

9

coordinate transformation.
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It clearly shows that the residual values are only a few meters, so it prefers to

conduct the affine coordinate transformation.

5.5 Update.

In the process of upd
researcher has operated

that it was practical

From the fig ! ‘ \ ’ layer of MWA and the
updated lay : A ity -a fewder 87 ™5.9. From the visual
inspection, the Of L thesthird N hpear the error, whereas
the overlay of the gfconfl zghe"apparentl, Caus: 1 8fers. Then, use the both of

layers to do the, alfialysis BY-RV inWilbiGtkca08ks the result as shown in

0.6 meter

— ]
\ |
‘ ‘ i
Figure 5.8 Thethrformation layer from the zone 1(left) and zone@ight).

AU INYNINEINT
RIAINTUNRIINYIAY

Figure 5.9 The information layer from the zone 3.
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E A -

Hlindependent) [HFn Y2 | ([ dif in X2+l 3 in Y20
6865306765139 Foto150 M0.027672 | 0.000777 0.009325
B6652, 1606721 ] 666852.0979125 | 0.090960 O, 2057025 |-0.027415 | 0.000752 0.009025
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687261, 1065134 % 0.017768
687261, 1340335 & 0.019707
687012.4101646 0.424095
£E7070, 1004761 | ¢ 0.450295
687077.3976411 0.473675
BE7010. 7417040] 6e7010 = 0.412334
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0.694816453

Table 5.4 NSSDA value of zone 2.
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3 zones are |ess
one warping

warping point opt‘mﬂdicates higher accuw However, a selected warping point

FARUBINUNINYING

warping point can cause higher NS?A value in compara to the multiple Warpinwint

QRIANAIUNANTINETRE

JHlindep endent) Hitest) [ 4fF in 22 Ylindependent) e st) diffin Y [HFin Y2 | ([ in X2+ i in Y 2)
685342.0298307 | 685342098237 0.004680 | 1501855.0470002| 1501855,1416656 0.003962 0.013641
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RMSE 0.07878703
MSSDA 0.136364592

g X

100

thfhe layer of MWA and

JNSSDA values of all

.90, In conclusion of using

|
t option, the NSSDA value is minimized ianparison with multiple

ted point

nsuitable
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0.0008 meter

0.002 meler

Tabie 5.6 NSSDA valiue of zone 1(one warping point).

Figure 5. the z 3%@he warping point).
<
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Hlindependent) Hltest) Ylindependent) Fltest) dffin Y [HEn Y2 | ([ in 3 d)+H] dE in Y2
BBA505, 0082614] 686505,0009136 | ¢ 1503458, 0086391 | 1503458.0053404 0000000 0,000003
BOAGD1, 4062663 686631,4078506 1503328.2150261 | 1503328.2147264 0,000000 0,000003
BBAG53. 1150052 | 686653, 11735050 1503212,9806196| 1503212,0803135 0,000000 0000002
567 16, 2677407 | 626716, 2602600 |-0,001510 |0.000002 | 1503175, 3534449| 1503175.2531033| 0,000242 | 0,000000 0,000002
BBAG0S.5103631 | 686608, 5208267 |-0,001464 | 0,000002 | 1503003, 7481764] 1503093, 7478516 0,000225 | 0,000000 0000002
£86064,0030404] 686064,5102287 | -0,001380 | 0.000002 | 150286645507 74| 1502866, 4546686 | 0,000408 | 0,000000 0,000002
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B87116,6054414] 68711668 002 1502485, 0503 03,0504 0534 | 0,000000 0,000002

. = "—% : SUM 0000041057
- — Average 2.05284E-06
ﬁ RIMEE 0.001432775
q;:“_ » NSSDA 0,002479547
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e (7 06
3 - 1 i
i
$ i/
] o
13 - .
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Table 5.8 NSSDA value of zone 3(one warping point).
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The shape file updated by Google Earth can be used in Editor Tool of MWA
efficiently and can also import water meter, piping line and piping equipment data as

shown in figure 5.15.

AUINENINGINS
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Chapter VI

Conclusion and Recommendation

The aim of this chaptegiisk ‘ ( e use of Google Earth which is a free

map service to support thesipdaision G| Ad the relationship between Google
compare in any asp;e_c_gpoz EE;‘G\C in otder. elp developing the GIS of MWA
to meet the required ac =g ed in the chapter 4.
similar features, ' g’ |aVe 1= “," rate than the layers of
MWA due to the insfficiesl détall in (e alidOPhe!ds ShGO8gle Earth.

)

In the proc £s of ay ?\ &" MIVWIA i'n e“-., g8 Barth, firstly, the researcher

selected the lan€l basgflay@r ( ’ ,;"ﬁ s calledhasiBuildifg layer according to the

¥
"

application softwa" of I\ \ buildifig ayer into Google Earth. In the

te

L=

process of shape file tQ i orm peni@uite a long time to process the
J ¥ ; .

operation and caused an e 'r-—_ onsequel AT layer had to be clipped to minimize

size of the file from the_ i@V of zone. The stated zone was not

divided int@ R g to 'Gguld be divided into
78 DMA. V\:te . > rﬂmter run faster and

there was no eiﬁ. The | ﬁep.
L

After having the test file as required, display it in Google Earth. The layer of test

ANy -

had uge converted from Indian datum 1975 into WGS84 by using the edited parameter

of ROTI Thai Survey Department. 1(6 transformation g“Jetter result but it rerued

a ﬂmh % mtth "1 zah
similar value; namely about 33-34, which was systematlc error. Then, select a test area

for this research; used the coordinate of the test area to perform the conformal

transformation and affine transformation. According to the affine transformation, it
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caused minimal residuals, thus, it was possible to operate Geometric Transformation.
The use of Google Earth to help updating the information of MWA implied that after
transforming the Datum from Indian datum 1975 into WGS 84, the file still remained

errors which had to be totally ehmmated before digitizing the land base in Google Earth

transformation of th

——— ®
inspection, it was ~Obvious, @d%reoverlaid with only a few

by operating the affine transfor

Firstly, mark ref PEarth to perform the Geometric

ogle Earth. Form the visual

errors. As a result, the AP uere equ ) ' step‘, the researcher got the
shape file of it ‘ "\ rlay caused only a few
errors.

tHeMand base in Google Earth;

g to W&, converted to shapefile

in order to be apl ; ! ' t ."‘.,‘-'.»; fori ed file; accordingly, the

researcher wodld h € P sted Tile ghe \\ e ""-._'j oogle Earth. After that,

transform the WGE' 8¢ Jile i Ane Indi M 1975 fie with datum

transformation algorith f,r'}#' m nethig transformation one more time.
s

(In this step, the raw layer of | ated layer were operated the geometric

transformation.) The again by dividing the zone into
3 areas, thL indicated that NSSDA o 0 ,_ﬂe second was 0.69

and the thik e meet the required

standard for priam . | ﬂ‘
Y UANUNITNYINT.

geometrlc figures and are Covered with grey cloud which can be used to update

QW’]@'W?W UHIINBIRY

covered with shadow of surrounding buildings.
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3. Some figures of join-roofed buildings like town house shown in the orthophotos
of Google Earth cannot be specified the exact number of houses; accordingly,
field data must be used for the updating.

4. In the process of geometric transformation, the smaller area the zone is divided

!//% d opened with Google Earth.

into, the less error ap

ﬂuEJ’JVIEJVIﬁWEﬂﬂﬁ
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APPENDIX A

TWO-DIMENSIONAL CONFORMAL COORDINATE TRANSFORMATION
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| = 6.8690e+005

1.5013e+006
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1.5014e+006

Wy,
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6.8681e+0

ﬂumwﬂﬁ%’wmﬂﬁ
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5.4523e+013 0.0000e+000 1.3737e+007 3.0029e+007
N = 0.0000e+000 5.4523e+013 -3.0029e+007 1.3737e+007
1.3737e+007 -3.0029e+007 2.0000e+001 0.0000e+000

3.0029e+007 1.3737e+007 0.0000e+000 2.0000e+001
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TWO-DIMENSIONAL AFFINE COORDINATE TRANSFORMATION
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APPENDIX B

Editor Tools User Guide.

. Appear tool
Q va
‘ L 7 71‘3 et (= Landbase
- e . s
- SelemJtype of data as landpase e ~ _ Gl |

7. User cv uii type in 4 type poly Iinwlygon , rectangular , circle
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‘ICK add button
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9. Create building line

Select method polygon , rectangular or circle put description house order as

30/123

RIAINTULIINYI8 Y

T



122

I YES” for confirm

= 1 » . - ..
iy il
11. Dele‘uo?and edit address or road e annotann &
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'qmmmwmmmw

Click annotation you want deleted.
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1. Select sta it ——

Pt
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4. Click Add Meter

You get new window this below and put information detail

Meter Tool

lging to cross

ek |
In casg you wan

button? your computer

¥
Erj click qﬂl\Aeter and press delete

_".':'.':Il"IEIEIW Hel

A UHANYNINEE

¢ S]] |
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i estamsawnadaga

Eanduliaya eiaadem s sfwandaya

Equip
Fipe
ServiceFipe
Landbas

choose Metomlie St is” L’ - ‘ and click “OK”

L
2. Select ft&nagement I_I

ﬂuEJ’JVIEJ‘VﬁWEHIﬂﬁ

3 SelectNer .'

ammmmummmw

E'nhkl Pt | swe | Em |
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4. Choose Select Thgn

¥

5. Use .;,-....--- o] ',,._ormion

. i1 CopyouiF eatiire
—

- v 4 / ] -".'r,:

6. Input JoNagie ' B4 =
i I'II 4'["’;'

g edit by .

7. Cho@Se arg y 'ﬂ‘_- y |

J 4

Frrectanal

R i r i i, P
LR ‘ohoose area-bypolvgon.

Feature Selected.

?ribution Pipe dvuaw 181
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9. Change Select Theme from pipe to equip T |
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10. Choose area you want edij

12. ClitK sta

V3

1Set SnapTolerance—— = e Shaping—— S iPaoint Snaping——

Talerance : - ¥ Snapto Enl:lpn:unt i
3 ShaptoBo
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Snap to end point
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W

15. User should ple red color represent install

new pipe , greentet ® pipe , yellow color represent

abandon ‘."'ff';..f'{_?,,':};ﬁ- 4= how job legend , choose from

[ : Bropertiez...

Select Theme
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“‘26. Edit equip click Choose data
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28. Choose equip you want abandon

PVSTATUS: |9

Dlsmlss

32. New w‘d you can change
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33 Click “Update” is finish ‘
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Install new equip “ Ii Choose equip

you want to add example valve click equip on to position you want
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Google Earth User Guide.

AN N N S N A0
o e

* Sa

Fiy To Fiﬁﬁh‘eam Diire s i
Eiy to =g, Heww '-'-:-rix - - -

holels in arizona

¢1I>‘.
\
L
[
d
|.|

i 7 Grond coml
r [ Disney warld, Flarida, U
i-D Dattas - Fort Worlf Ints

* Layers
View: Core
©2007 TertaMatrics
L E = = il 2007 Bq._ﬂ,rl I"F'l:i i #
=] = Primary Dalabase gl g iatals vek i .
| |_ I:chrru - L-t‘.ﬂgll.'-'_l

2484t Streaming 1008

- d- L
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I

I
1. Search pane\JUse this to find places and directions and mgpage search results.
Google Earth EC @ gmy

UHINYNIN E,!’lﬂ‘a"

3. Hide/Show sidebar - Click this to vnceal or the d|sp|a e side bar (Search, P C

ﬂmmmmum'mmaﬂ

4. Placemark - Click this to add a placemark for a location.

5. Polygon - Click this to add a polygon.
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6. Path - Click this to add a path (line or lines).
7. Image Overlay - Click this to add an image overlay on the Earth.
8. Measure - Click this to measure a distance or area size.

9. Email - Click this to email a view or image.

// ent view in Google Maps in your
9 -
to tils zoode your viewpoint (see

10. Print - Click this to print the

11. Show in Google Maps

web browser

12. Navigation cw

below).

When you first sta 00§ ‘, arth, 1 ",i‘" aces an empty My Places folder
to hold places i c AVE yow arel Upk .’"".,.1 ®m a previous version of
Google Earth, Go . g A yOun SE ' K‘-., ery item located in the My
Places folder is savedg ,_____,________,j arthg8essions. Items located in the
Places panel but not aved = i 2 : T are Icated in the Temporary Places
folder and are unavailables , ext ion if you do not move or save

them to yo(;ll i e@save and organize

Jss, and more. This

section coverslﬁ'j basi

Creatipg a New Plg

AUHINENINYINT

1. PQIOH the viewer to contain the spot you want to placemark. Consider zooming into

y P1 es folder:

the best viewing level for the deswe‘ocanon Choose agifmne of the following mdfiagdt

NIRRTV Y

The New Placemarkdialog box appears and a New Placemarkicon is centered in the

viewer inside a flashing yellow square. Position the placemark. To do this, position the



136
cursor on the placemark until the cursor changes to a pointing finger and drag it to the

desired location. The cursor changes to a finger pointing icon to indicate that you can

move the placemark.

You can also lockthe pl 2K POSIt , Valiged coordinates for its position.

Set the followi

-Description, includig H

-Style, Color - GifOosefl cQlor, gcal S (EIZe 3y feliheRl@cemark icon
Fi || ~. ":
. o g -, 4 % Ay . .
- View - Choose a gbsitigh foffthe placemall. FOr eXplanetiomef terms in this tab, mouse

A B

over each field.:

-Altitude - Choose ‘ ® hei ver terrain with a numeric

value or the slider. Cho@fe EXIBHELIO-GFOT! )\ tAglblacemark attached to a line

anchored to the ground.

I o
Measuring Djst C‘s u
AUETNHNINEINT:

esﬂrqe sizes. Depending upon which version of Google Earth you are using, you

dialog box.

have access to the following measumg tools: =~

RARMIN A NYaY

easuring with a circle radius or polygon (Google Earth
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ne} | Pain_| Povgon || cicee |

Length: 0.08 | Miles [ el

Use the Ruler wind@W (Tog e | , \"x pd circumference as
‘-.
: , i

follows:

iy , , = b
1. Position the im@Gery you @Want to measl eWek and make sure you are

viewing the earth frg@hn tQP-dg ,o@ > c \\‘ tlrned off for best accuracy.
\ \

Measuring is cal€llate e Hat/ L inate aint to point and does not

\

2. From the Tools meP selec —--aﬂ-f-’:m dialog¥®ox appears. Consider moving

‘J'.-f
the dialog box to a region ofézals .-;.L.- thé

consider elevatlon

t obstruct the 3D viewer.
3. Choose the type of g,gjfﬂ 7 {.' h. All versions of Google Earth can

measure wjth ling re using a polygon
oy ()

or circle. ,L

4. Choose the —.

wAit o tﬂz or circumference, as
| J ai
applicable. Seeshe table below for a list of supported units of sure.

5. Click in the 3D ﬁﬂo set the beginning pufor your shape and continue clicking

u Jfor sh p w rC|rI cl ﬁhe center
an “g ouf to define the circle.) Ared dot'indiCates the beglnmng point of your shape,

and a yellow line connects to it as‘ou move the mou ach additional Cllck

qRIRNTIN HAINENAY

existing shape.
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