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Abstract

The photoic maps available on Google Earth come primarily from two sources:
satellites and aircraft. Google gets this imagery and other digital mapping information
from sources such as TeleAtlas and EarthSat, both of which compile photos and maps into
digital form for commercial applications. Because the data comes from different sources, it
is provided at different resolutions, which is why some areas of the globe appear crisp even
at street level while others are blurry from a great distance.

The selected test area is located in Egypt. The test area is covered by photos
collected from Google Earth with an overlap and side-lap between them ranging between
15%-25%. All GCPs and CPs are collected from Google Earth, based on Universal
Transverse Mercator (UTM). The minimum number of GCPs was 5 well distributed GCPs
for each photo. Only two ground control points were measured from maps covering the
study area on Egyptian Transverse Mercator (ETM).

After collecting the required data, the methodology procedures included: firstly,
geo-referencing of each photo; secondly, generating a mosaic from the geo-referenced
photos; and finally, map conversion from UTM to ETM for the produced mosaic followed
by linear transformation using only 2 GCPs measured from maps.

In the present research, the accuracy test includes calculations of the
discrepancies of (E, N) coordinates for 27 test points (CPs) located on the corrected
mosaic. The (E, N) coordinates of check points CPs are compared with the corresponding
ones derived from the existing map, which are considered as a reference in this research.

The results of this study concluded that the photos of Google Earth can be used
successfully for producing maps with suitable scale in similar study area in case of lacking
remotely sensed data and field observations. They also concluded that the worries of
numerous countries about the level of detail available in the Google Earth must be taken
into consideration.
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1. Introduction

There are worries about the Google Earth program focus on national
security. Officials in numerous countries have voiced concerns over the
level of detail available in the Google Earth application, including Australia,
Britain and the United States. The photoic maps available on Google Earth
come primarily from two sources: satellites and aircraft. Google gets this
imagery and other digital mapping information from sources such as
TeleAtlas and EarthSat, both of which compile photos and maps into digital
form for commercial applications. But the trick of Google Earth is not in
compiling and storing all these images. It is in getting them to your
computer quickly and efficiently. With a 56k dial-up modem, it would take
12,400 years to download a one-meter resolution image of the Earth [source:
Butler]. But Google Earth makes it seem like a high-resolution picture of the
entire world is right in front of you. You are not viewing the imagery in real
time: according to Google, the information is no more than three-year-old
and is continually updated as new data becomes available. When using
Google Earth, you can zoom in, rotate, pan and tilt on an image as specific
as your own front yard, view road names and local businesses and get
directions from here to there. In this study, the used projection and datum
are: (1) Universal Transverse Mercator (UTM); (2) Egyptian Transverse
Mercator (ETM). The software package used in this study is ENVI software.

2. Test Site

The test area is Kafr az Zayat region, Egypt. The test area is covered by
snapshots (photos) from Google Earth with an overlap and side-lap between
them ranging between 15%-25%.

The total area = 1.5 km *1.0 km= 1.5 km®. Figure (1) shows a snapshot of
the test area which was selected for the present research. The UTM
coordinates of the boundaries of the selected study area are:

UL corner = 291700, 3411900 m

LL corner = 291700, 3410450 m

UR corner = 293450, 3411900 m

LR corner = 291450, 3410450 m
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Fig. 1. A snapshot of the test area which
was selected for the present research.

3. Data Acquisition

The test area is covered by photos collected from Google Earth. All GCPs
and CPs are collected from Google Earth, based on UTM. The minimum
number of GCPs is 5 well distributed GCPs for each photo. Only two
ground control points are measured from maps.

3.1. QuickBird images

The test area is Kafr az Zayat region, Egypt. The test area is covered by
QuickBird, 0.599m resolution, panchromatic standard ortho-ready Level-2A
date 2005-09-06. This image is partially used in this investigation for
verification and visual comparison only.

3.2 Photos

In this study, snapshots (photos) from Google Earth at elevation 250m for
the selected study area are taken, each of the 9 strips (from 1 to 9)
containing 10 images, taking into consideration the side-lap and over-lap
between the photos. The photos data are listed below:

e Area covered by one photo = 275x125 m
Number of strips =9
Number of photos per strip = 10
Total number of photos = 90
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Figure (2) shows the layout of the strips and photos. Figure (3) shows photo
number 6-6.
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Fig.2. Layout of strips from 1 to 9 with 10 photos in each strip

Fig.3. Photo number 6-6

3.3 Ground Control Points GCPs
There are two types of ground control points used in this study:
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a. GCPs collected from Google Earth

All GCPs are also collected from Google Earth, on UTM. The minimum
number of ground control points for each photo is 5 points, taking into
consideration that the GCPs must be well distributed over the photos and
located at the corners and in the overlap area, if possible.

b. GCPs collected from available maps in scale 1/2,500

Only 2 GCPs are measured from maps in scale 1/2,500 which have been
used for image transformation.

3.4 Collection of Check Points

27 well distributed sharp features were selected and identified on the geo-
referenced mosaic and on the maps in scale 1/2,500. The coordinates (E, N)
of these check points are measured from the maps in scale 1/2,500.

3.5 Map in scale 1/2,500
The selected study area covered with map in scale 1/2,500 was produced
from aerial photos.

4. Methodology of the Practical Work
After collecting the required data, the methodology involves:

e Geo-reference of each photo based on the collected ground control
points on UTM coordinate system taking into consideration the
root mean square error (RMS) value for the GCPs. Approximate
methods will be used to correct the images (i.e. polynomials). First
order polynomial is used in this case.

e Generation of a mosaic from geo-referenced photos based on the
geo-reference method in UTM coordinates system.

e Map conversion from UTM to ETM for the produced mosaic
based on the transformation parameters between the two systems
and using ENVI software package.

e Linear Transformation using only 2 GCPs measured from maps.
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5. Results and result assessment:
5.1 Quantitative assessment of GCPs

Quantitative assessment through statistical calculations for the GCPs. Table
1 shows the residuals and the RMS for the GCPs used to correct the photos.

Table 1.Root mean square error (RMS) for the ground control points

No of GCPs Dx (m) Dy (m) RMS (m)
Min 5 for each Max. 0.403 Max. 0.525 Max. 0.627
photo Min.  0.059 Min.  0.098 Min. 0.108

5.2 UTM and ETM Mosaic

UTM mosaici from the corrected photos were created, based on the geo-
reference method. Figure 4 shows the produced mosaic. Using ENVI
software, the produced UTM mosaic is converted to ETM mosaic without
GCPs. After that, linear transformation using only 2 GCPs measured from
maps is performed to regeoreference the mossaic.

it L
-

Fig.4. The produced mosaic (UTM coordinates)

5.2.1 Quantitative assessment of ETM mosaic direct conversion

Table 2 shows the total RMS of the CPs’ direct conversion without GCPs.
The discrepancies in the selected check points (E, N), from the geo-
referenced mosaic and from the existing map in scale 1/2,500 have been
calculated.
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Table 2. Total root mean square error (RMS) of the check points” (CPs) direct

conversion
No of CPs Dx (m) Dy (m) RMS (m)
27 Max. 7.643 Max. 3.926 Max. 1.253
Min.  3.013 Min. 0.111 Min. 1.214

5.2.2 Quantitative assessment of ETM mosaic using 2 GCPs

Table 3 shows the RMS of the CPs using 2 GCPs. The discrepancies in the
selected check points (E, N) from the geo-referenced mosaic and from the
existing map in scale 1/2,500 have been calculated. Table 3 shows the RMS
of the CPs using 2 GCPs.

Table 3. Root mean square error (RMS) of the check points (CPs) using 2 GCPs

No of CPs Dx (m) Dy (m) RMS (m)
27 Max. 2.827 Max. 2.656 Max. 1.280

Min.  0.250 Min. 0.161 Min. 0.960
RMS;=1.600 m

5. Conclusions

Regarding the assessment of the obtained results, the following
conclusions can be made:

e |t can be stated that the accuracy of mapping from photos and
GCPs collected from Google Earth and using only two GCPs from
the map in scale 1/2,500 for a relatively flat terrain area gives an
RMS value of 1.600 m planimetry, which satisfies theoretical large
scale mapping in scale 1:3,500 and practical large scale mapping
in scale 1:5,000 or less.

e The worries of numerous countries about the level of detail
available in the Google Earth which can be used by terrorists must
be taken into consideration.
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AHAJIN3 HA TOYHOCTTA HA KAPTOI'PA®UPAHE HA BA3ATA
HA CHUMKHU U HABEMHHU KOHTPOJIHU TOYKH, B3ETH OT
GOOGLE EARTH

Pamszu Axmeo

Pe3rome
dororpadckure kaprtu, Hanmunu B Google Earth, wusxoxnmar
IpeJMMHO OT JIBa H3TOYHHKA — CBTHUIM M camojetu Satellites and aircraft.
Google momyuaBa Te3um W300paxkeHHs M JApyra IHdpoBa Kaprorpadceka
uHpopmanus oT m3tounund, karo TeleAtlas u EarthSat, kouro cwrbupar
CHHUMKH ¥ KapTH B IU(POB BHI C THProBcka Ieil. Thil Karo JaHHUTE
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HOPOU3X0XKJIAT OT Pa3IMYHU M3TOYHHIIM, T€ MPUTEXKABAT PazIMyHa pas3/ieiu-
TEJIHA CHOCOOHOCT, MOpaJu KOETO HSIKOM YacTh OT 3€MHOTO KbJIOO ce
BIKJIAT OTYETIIMBO JIOPH HA HUBO YJIMLA, JOKATO JPYTH Ca HESACHHU JOPH OT
TOJISIMO Pa3CTOSHUE.

N36panusaT TecToBM ydacTbk ce Hamupa B Erumer. TecroBusr
y4acThK € OTpa3eH B CHUMKH, B3eTu ot Google Earth, unero npunokpuane
U CTPAaHUYHO 3aCThIIBaHe Bapupa B rpaHunure 15%-25%. Beuuku HazeMHu
KOHTPOJIHM TOYKM M KOHTPOJHM TOYkM ca B3etu or Google Earth B
VHuBepcaniHa TpaHCBep3anHa MmepkaropoBa cucrema (UTM). Munuman-
HUAT Opoil Ha Ha3€MHUTE KOHTPOJIHH TOYKM Oele 5, 1o0pe pasmnpeneincHu
3a BCsika cHUMKa. CaMo JiBe Ha3eMHM KOHTPOJIHU TOYKH 0s1Xa U3MEPEHU OT
KapTH, TOKpWBAIIM H3cienBaHaTa obOmact B Erumercka TpaHcBep3aiHa
mepkaTopoBa cucrtema (ETM).

Cnen cwOupaHe Ha HEOOXOJNMMHTE JaHHU METOJOJIOTHYHHUTE
Ipolelypy BKJIIOUBaxa: IbPBO, T€ONPUBbP3BaHE Ha BCSIKa CHUMKA; BTOPO,
Ch3/laBaHE Ha MO3ailka OT TEONPUBBP3aHUTE CHUMKH, H HaKpas,
npeoOpasyBane Ha kaprara or UTM B ETM 3a cw3magenure Mo3zaiiku,
MOCJIeIBAaHO OT JIMHEHHO NpeoOpa3zyBaHe C IMOMOINTa Ha camMO 2 Ha3eMHHU
KOHTPOJIHH TOYKH, H3MEPEHH 110 KaPTH.

B ToBa mpoyuBane, mpoBepKaTa 3a TOUYHOCT BKJIIOYBA M3UHCIISIBAHE
Ha HechoTBeTcTBUATA B KoopauHatute (E, N) 3a 27 KOHTPOJIHH TOYKH,
pa3mojIokKEeHU BBPXY Kopurupanata mosaiika. Koopmunatute (E, N) Ha
KOHTPOJIHHTE TOYKHU CE CPABHSIBAT ChC CHOTBETHUTE KOOPAWHATH, NOJTYUYCHU
OT HAJIMYHATA KapTa, KOSATO € MPHEeTa 3a €TAIOH B IPOYUYBAHETO.

Pesyarature oT TOBa MpoydYBaHe MOKa3BaT, ue cHUMKUTEe oT Google
Earth morar nma ce wu3mon3BaT YCHEIIHO 3a Ch3/IaBAaHETO HA KapTH B
NOIXo/Asl] Mamad B MoJoOHW 00JacTW Ha W3CIEIBaHE MNpPH JIMIICA Ha
MUCTAHIIMOHHM [JaHHM W TIOJIEBU H3MepBaHUs. Te MoKaszBar omie, 4e
TpeBorara Ha royisM Opoil cTpaHu 3a HMBOTO Ha moapoOHOocTH B Google
Earth ca ocHoBarenHu.
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