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Abstract  The uses of the River Nile can be improved in transportation, tourism and other important fields by using 
Geographical Information System (GIS) and Remote Sensing techniques as creating River Nile basemap for monitoring 
River Nile resources. In order to develop an updated base map for River Nile in Egypt, it was necessary to address, review, 
assesses and evaluates the available different free sources satellite images. In this paper, four study areas over Egypt were 
chosen and definite points were observed for those areas using GPS techniques. The same specified points were determined 
on the available free satellite images. Assessment for free sources satellite images, in terms of horizontal accuracy, and 
depending on the available images resolution, has been evaluated. The obtained results of Root Mean Square Error (RMSEr) 
for horizontal coordinate differences in small areas vary from 1.57 m to 5.06 m, and large area varies from 8.52 m to 9.15 
m. Image registration techniques were applied using two dimensional transformations process in the previous four study 
areas between the two free sources satellite images (Image-to-Image registration) and between satellite image and GPS 
points (Image-to-Ground registration) to get the register image points with suitable accuracy comparable with GPS 
accuracy and images resolution. The transformation parameters (Scale (s), Rotation (θ) and Translations (ΔX, ΔY)) are 
calculated for the areas under consideration. The Root Mean Square Error (RMSEr) obtained from the transformation 
process in small areas varies from 1.94 m to 2.86 m and in large area varies from 7.428 m to 8.586 m. Then these calculated 
transformation parameters used to transform other points onto the required system. This approach can be used in different 
areas which have lack of GPS observed points to calculate semi-ground points from transformed measured free imagery 
points with suitable accuracy compared with the accuracy of GPS and images resolution. Finally, using free sources 
satellite images with Geographic Information System Application to building an updated basemap for River Nile in Egypt. 
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1. Introduction 
River Nile is one of the longest rivers in the world, its 

drainage basin covers eleven countries and it represents 
more than 95% of the total water resources in Egypt. In 
Egypt, the River Nile creates a fertile green valley across 
the desert. It was by the banks of the river that one of the 
oldest civilizations in the world began. Most Egyptians 
lived near the Nile as it provided water, food, transportation 
and excellent soil for growing food. [1]. Below the Aswan 
High Dam, at the northern limit of Lake Nasser, the Nile 
resumes its historic course. North of Cairo, the Nile splits 
into two branches (or distributaries) that feed the 
Mediterranean Delta: the Rosetta (Rashid on the west) and  
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the Damietta (Dumyat on the east) forming the Nile Delta, 
as shown in Figure (1). [3] Egypt and other countries that 
share the Nile River Basin show interest in studying how to 
manage and develop water resources in recent years, and that 
interest was reflected through studies and research for a 
number of involved international bodies and institutions. 

This point has entertained thinking about doing this 
research, based on the available free sources satellite data 
using GIS and Remote Sensing as image provided from 
google earth application.  

Google Earth (GE) is the most popular virtual globe that 
offers free access to high resolution imagery for most of the 
planet. Since the launch of the program in 2005 by Google, 
Unfortunately, given the popularity of GE, users tend to 
assume that it is an accurate source of information and also 
tend not to question its credibility [6]. Moreover, Benker, 
Langford and Pavlis [2] note that Google representatives 
state that the coordinates provided by Google are 
approximations only and that, therefore, Google makes no 
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claims as to the accuracy of their geographic information 
products [8]. However, in 2008, Google initiated a project 
called “Ground Truth” in order to increase the accuracy of 
their geographic products by means of acquiring data from 
authoritative sources [8] such as INEGI (the Mexican 
National Institute for Geography and Statistics) and NGA 
(the USA National Geospatial-Intelligence Agency). As a 
result of its popularity, GE is commonly used by the 
scientific community in their projects. GE has been used,  
for example, to collect ground control points (GCPs) for 
orthorectification of satellite imagery [16], to estimate urban 
vegetation cover [17]. 

 

Figure 1.  The River Nile Basin in Africa [20] 

In most of the scientific applications listed above, the 
authors of the papers have exercised some caution with 
regards to the accuracy of GE. Therefore, in order to 
understand and reduce the uncertainties associated with the 
use of GE in different applications, accuracy assessments of 
GE’s imagery are required [13, 17]. Consequently, a series 
of accuracy assessments of GE’s imagery have been 
undertaken by different researchers. Potere (2008) evaluated 
the horizontal positional accuracy of GE’s imagery using 
control points extracted from the Landsat GeoCover dataset 
and estimated a global horizontal root mean squared error 
(RMSEr) of 39.7 m. other study, [2]used high precision field 
measurements (<1 m) to assess the accuracy of Google 

Earth’s imagery in the Big Bend region of Texas, USA and 
found that Google Earth’s imagery has a horizontal mean 
error of 6.95 m and RMSEr of 2.64m and another regional 
study, [16] estimated Google Earth’s horizontal accuracy in 
6.1m RMSEr, with a mean horizontal error of 4.8 m, using 
13 check points (CPs) collected from 1:2,000-scale maps and 
distributed over a study area of approximately 215 km in 
width located in southern Iran. 

Therefore, in this paper we attempt to contribute to the 
understanding of the horizontal positional accuracy of GE’s 
imagery and another source of free accesses satellite images 
(ArcGIS on line wv2) by means of a study case undertaken 
over four study areas in Egypt, using accurate field GPS 
points. In the following sections we calculate 2D 
transformation parameters between these free access sources 
and GPS ground points and finally develop a database from 
these free access sources. 

2. Available Data Used 
2.1. Google Earth Satellite Free Source Images 

Google Earth (Earth browsers) is a geobrowser, virtual 
globes or geographic browser that accesses satellite and 
aerial imagery, ocean bathymetry, and others geographic 
data over the internet to represent the Earth as a free 
three-dimensional globe [21]. The satellite and aerial images 
in Google Earth are taken by cameras on satellites and 
aircrafts, which collect each image at a specific date and time. 
Those images can be used in Google Earth as a single image 
with the specific collection date, and common use the images 
are combined into a mosaic of images taken over multiple 
days or months. These images are displayed as one seamless 
image and the date may change from image to image as you 
move your cursor around the mosaic.  

There is limited information about the image collection 
and the date displayed reflects the start of a date range when 
the image was most likely collected. The collection date 
information is lost or inaccurate due to human error or other 
issues. [22]. Google Earth's Imagery resolution ranges from 
15 m to 15 cm [23]. For its reference system, KML uses 3D 
geographic coordinates are as defined by the World Geodetic 
System of 1984 (WGS84). The vertical component (altitude) 
is measured from the WGS84 and based on EGM96 Geoid 
vertical datum [12]. 

2.2. ArcGIS on Line Satellite Images 

ArcMap is the main component of Esri's ArcGIS suite of 
geospatial processing programs, and is used primarily to 
view, edit, create, and analyze geospatial data. ArcMap 
allows the user to explore data within a data set, symbolize 
features accordingly, and create maps. [24]. A basemap in 
ArcGIS online or ArcMap application provides a 
background of geographical context for the content you want 
to display in a map. When you create a new map, you can 
choose which basemap you want to use. [25]. One of the 
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available high resolution imagery in ArcMap is World 
View-2. The World View-2 imaging payload is the second 
such system engineered and manufactured by ITT Space 
Systems Division for Digital Globe. World View-2 operates 
at an altitude of 770 km, and the advanced on-board imaging 
system can capture pan-sharpened, multispectral images 
(with better than 46 cm resolution). These images supply 
unprecedented detail and geospatial accuracy, further 
expanding the applications for satellite imagery in both 
commercial and government markets. Added spectral 
diversity provides the ability to perform precise change 
detection and mapping. [26] 

2.3. Ground GPS Control Points 

To deal with different free sources satellite images in 
Egypt, GPS control points were observed in the chosen four 
study areas using different GPS receivers and applying 
certain GPS observation techniques as Static and Real Time 
Kinematic (RTK) techniques. In which the base station was 
located in a fixed control point and the rover was used to 
observe the other required points. These points were 
observed on the same datum for different free sources 
satellite images WGS-84.  

3. Study Areas under Investigation 
In order to assesses and evaluates the available different 

free sources satellite images, four study areas over Egypt 
were chosen, as shown in Figure (2). The description and the 
available GPS points for these study areas are given in Table 
(1). The investigated areas were divided into two main 
categories according to the coverage area i.e., small or large 
areas. Three study areas (small areas) are located at El 
Sayeda Nafysa, study area (1), Figure (3), Mohamed Ali 
Palace, study area (2), Figure (4), El Gezeera Club, study 
area (3), Figure (5). The fourth study area (large area) is 
located at Northern part of Egypt, study area (4), as shown in 
Figure (2), GPS points mostly distributed over northern part 
of Egypt. 

 

 

Figure 2.  Location of Four Study Areas over Egypt. (Map scale 
1:700,000) 

Table 1.  Description of the Study Areas and the Available GPS Points over 
Egypt 

Area No of 
points 

Lat ̊ 
(min) 

Lat ̊ 
(max) 

Long̊ 
(min) 

Long̊ 
(min) 

Coverage 
Area (m²) 

El Sayeda 
Nafysa 11 30.022 30.025 31.24 31.25 119,000 

Mohamed 
Ali 

Palace 
10 30.113 30.116 31.243 31.249 60,000 

Gezeera 
Club 8 30.047 30.052 31.220 31.222 67,000 

Northern 
Egypt 10 28.4 31.5 30.1 33.8 1,125,000 

 

 

Figure 3.  Distribution of GPS Points over El Sayeda Nafysa, (Map scale 
1:3000) 

 

Figure 4.  Distribution of GPS Points over Mohamed Ali Palace. (Map 
scale 1:4000) 

 

Figure 5.  Distribution of GPS Points over El Gezeera Club. (Map scale 
1:3000) 
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4. Methodology of Investigation for 
Creation Updated Base Map for the 
River Nile in Egypt 

The following designed flow chart of working steps which 
will be applied consequently in this research, as shown in 
Figure (6).  

 

Figure 6.  Flow Chart of the Work Steps for Creating Updated Base Map for the River Nile in Egypt 
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Assessment for the available free sources satellite images 
horizontal accuracy over Egypt can be done, as the first step 
(A) by comparing measured points in Google Earth images 
and the same measured points in ArcGIS online World 
View–2 images, with GPS observed coordinates for the same 
points in the four study areas over Egypt. [11]  

The second step (B) is dealing with two image registration 
techniques, Image-to-Image registration (B1) refers to 
transforming one image coordinate system into another 
image coordinating system and Image-to-Ground 
registration (B2) refers to transforming one image coordinate 
system into ground observed coordinating system as GPS 
coordinates. Several approaches have been proposed for 
image registration [1] and [3]. This can be done in the same 
four study areas over Egypt to register the used free sources 
satellite images, and then get the other imagery points with 
definite accuracy comparable with GPS accuracy. 
2D-similarity functions have been used as the transformation 
function and the optimum sequences for the parameter 
estimation based on line segment orientation and various 
regions within the image have been derived. Using real data 
sets, the results proved the reliability [15]. Image registration 
can be produced in two followed steps. The first one is 
calculating 2D-coordinate transformations parameters using 
the observed common points to get more accurate solution. 
The second step (B4), the reverse process, by transforming 
the available coordinates of free sources satellite images into 
geodetic global positional system and gets the point's 
residuals by using the calculated 2D-coordinate 
transformations parameters from the previous step. Finally, 
using free sources satellite images with Geographic 
Information System Application to build up an updated 
basemap for River Nile in Egypt (C). This basemap depicting 
background reference information is used for locational 
reference [27]. The developed updated basemap through this 
work represented a valuable tool for evaluating and 
analysing the River Nile track which supporting the decision 
making process in different ways for example on river 
navigation. 

5. Assessment of Free Sources Satellite 
Images and the Obtained Results  

The available different free sources satellite images 
horizontal positional accuracy for the four study areas over 
Egypt was assessed in terms of (x, y) and horizontal 
displacement RMSEx, RMSEy and RMSEr, respectively 
computed. The following Equations [FGDC (1998)] can be 
used: 

RMSEx=√∑i(X (image) – X (GPS))² / n         (1) 
RMSEy=√∑i(Y (image) – Y (GPS))² / n         (2) 
RMSEr=√(RMSEx)² + (RMSEy)²               (3) 

Where: 
X (image), Y (image) are the coordinates of the (ith) point 

in the evaluated dataset (different free sources satellite 

images).   
X (GPS), Y (GPS) are the coordinates of the (ith) point in 

the independent reference dataset of GPS observed points.  
(n) is the number of available points, (i) is an integer that 

ranges from 1 to n.  
The Root Mean Square Error (RMSEr) calculated for free 

sources satellite images in term of horizontal accuracy for 
four study areas, are given in Table (2a), (2b), (2c). 

Table 2a.  Global Positioning System & Google Earth 

Study Area GPS/GE:RMSr (m) Corresponding Map Scale 

1 5.02 1:40.000 

2 3.29 1:10.000 

3 4.05 1:20.000 

4 9.15 Less than 1:50.000 

Table 2b.  Global Positioning System & World View-2
 

Study Area GPS/WV-2:RMSr (m) Corresponding Map Scale 

1 4.22 1:20.000 

2 2.77 1:5.000 

3 3.20 1:10.000 

4 8.53 Less than 1:50.000 

Table 2c.  Google Earth & World View-2 

Study Area GE/WV-2:RMSr (m) Corresponding Map Scale 

1 3.04 1:10.000 

2 1.57 1:4.000 

3 3.04 1:10.000 

4 4.41 1:20.000 

The results showed that this assessment has acceptable 
performance for different purposes. Root Mean Square Error 
(RMSEr) for horizontal coordinates in small areas varies 
from 1.57 m to 5.06 m and in large area varies from 8.52 m to 
9.15 m. The variation of Root Mean Square Error (RMSEr) 
values for horizontal coordinates depending on the following 
reasons; change in imagery resolution, change in imagery 
time, change in area size and locations. According to the 
above assessments which achieved different results with its 
corresponding map scales, so these data can be used in multi 
uses, for example it can use in image registration. 
Consequently, it can use to construct an updated base map 
along the River Nile in Egypt by using on screen digitizing 
techniques from different free sources satellite images, as the 
required product from this research. 

6. Image Registration for Different Free 
Sources Satellite Images and the 
Obtained Results  

Image registration techniques, Image-to-Ground 
registration (B2) and Image-to-Image registration (B1),   
for different free sources satellite images can be done     
by applying the 2D-transformation technique. The 
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transformation process consists of two stages; the first stage 
is the determination of the transformation parameters; Scale 
(s), Rotation (θ) and Translations (ΔX, ΔY) for the areas 
under consideration. The second stage (B4) is to use the 
produced transformation parameters calculated from the 
previous stage to transform the other points onto the required 
system with suitable accuracy compared with the accuracy of 
GPS and image resolution i.e. to achieve a complete image 
registration process. [28] 

6.1. Determination of 2D-Transformation Parameters 

The full 2D-transformation technique, with two 
translation parameters (ΔX, ΔY), one rotation (θ) and a scale 
parameter (s) = K = (1+k), known as Helmert transformation, 
may be expressed as [10]: 

     (4) 

            (5) 

Where:  
a=kcosθ,  b=ksin θ,  k= (a²+b²)½, and Θ=a tan (a/b) [29]. 

6.2. The Obtained Results for the 2D-Transformation 
Parameters  

The following Tables (3) and (4) show the best and final 
results after many trials for the full 2D-transformation 
technique, with two translation parameters (ΔX, ΔY), one 
rotation (θ) and a scale parameter (s), w.r.t (RMSEr) for 
residuals at the target control points over the four study 
areas in Egypt. 

Table 3.  2D Transformation Parameters between GPS and World View-2 
Coordinates 

Area Rotation θ Scale S 
Shift 

RMSEr (m) 
NorthΔY East Δx 

1 0° 18' 36.63" 1.00136 -3.19 1.540 1.861 

2 0° 01' 44.82" 0.99908 -0.37 0.926 1.194 

3 -0° 24' 00.36" 0.99437 1.053 -0.26 2.478 

4 0° 00' 01.90" 0.99998 -1.35 -2.82 7.428 

Table 4.  2D Transformation Parameters between GPS and Google Earth 
Coordinates 

Area Rotation θ Scale S 
Shift 

RMSEr (m) 
NorthΔY East Δx 

1 -0° 02' 23.12" 1.005703 -4.03 1.57 2.236 

2 0° 03' 18.62" 0.995077 0.29 1.60 2.619 

3 -0° 30' 25.67" 0.995707 -2.15 0.19 2.864 

4 0° 00' 01.42" 0.999987 0.70 -2.30 8.586 

6.3. Assessment of the Obtained 2D-Transformation 
Parameters 

Using the obtained 2D-transformation parameters to 
transform the same specified points were determined on the 

available free satellite images, Google Earth and World 
View–2 measured coordinates, this step applied to get at 
any time and at any different locations transformed 
measured free imagery points with suitable accuracy 
compared with the accuracy of GPS and images resolution. 
Residuals at the coordinates under investigation are given in 
Tables (5) and (6). 

Table 5.  Residuals between GPS and Transformed World View-2 
Coordinates 

Min Max Mean 

-3.794 2.18 -9.E-05 

-1.354 1.233 -9.1E-05 

-2.746 1.39 0 

-0.341 0.459 0 

-3.541 3.209 -0.00012 

-2.426 2.592 -0.00013 

-8.43 8.598 0.0001 

-10.14 8.311 0.0005 

Table 6.  Residuals between GPS and Transformed Google Earth 
Coordinates 

Min Max Mean 

-3.157 2.795 -0.02769 

-2.16 3.981 0.139923077 

-3.046 1.73 -0.277 

-3.282 2.333 -0.29836 

-4.274 3.966 0.000125 

-2.134 1.714 0 

-10.15 11.44 -0.92245 

-12.14 7.908 -1.10409 

6.4. Assessment Impact of Large Area's Obtained 
2D-Transformation Parameters on Small Areas  

Assessment Impact of large area's obtained 
2D-transformation parameters means to use large area 
obtained 2D-transformation parameters for small areas' 
images registration. The objective of this step, and after 
determination of 2D-transformation parameters between 
(GPS/Google coordinates) and/or (GPS/WV-2 coordinates) 
for the large area with definite accuracy so converting any 
point on the different free sources satellite images into the 
ground coordinates frame. Due to factors of high cost 
monitoring, lack of availability of observed GPS points 
around the River Nile which can be solved using 
2D-transformation between (GPS/Google coordinates) 
and/or (GPS/WV-2 coordinates) for the large area, study 
area (4), to transform the coordinates for small areas, study 
areas (1), (2) and (3) respectively. Differences between 
(GPS and Transformed Google (TGE)), (GPS and 
Transformed World View-2 (TWV-2)) coordinates in study 
areas (1), (2) and (3) were computed and the Root Mean 
Square Error (RMSEr) was calculated for horizontal 
accuracy as shown in Table (7a)(7b). 
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Table 7a.  The Root Mean Square Error (RMSEr) for Horizontal 
Accuracy Using Large Area 2D-Transformation Parameters (GPS and 
Google) 

Study 
Areas 

GPS/TGE 
RMSr (m) 

Corresponding 
Map Scale 

1 4.1757 1:20.000 

2 3.3142 1:10.000 

3 3.7211 1:10.000 

Table 7b.  The Root Mean Square Error (RMSEr) for Horizontal 
Accuracy Using Large Area 2D-Transformation Parameters (GPS and 
World View-2) 

Study 
Areas 

GPS/TWV-2 
RMSr (m) 

Corresponding 
Map Scale 

1 3.6499 1:10.000 

2 2.0085 1:5.000 

3 3.6824 1:10.000 

As shown in table 7a and 7b the calculated RMSE 
between GPS points and the transformed Google Earth and 
WV2 points using the calculated 2D transformation 
parameters calculated in section 6.1 and 6.2 in large area 
and its corresponding map scale can be used in. 

7. Developing Updated Base Map for the 
River Nile in Egypt Using Free 
Sources Satellite Images  

Basemap is a collection of GIS data and/or registered 
imagery that form the background setting for a map [30]. 
The function of the basemap is to provide background detail 
necessary to orient the location of the map [31]. The main 
aim of this research was to develop basemap for River Nile 
in Egypt using available free sources satellite images. Using 
free sources satellite images with Geographic Information 
System application to build up an updated basemap for 
River Nile in Egypt can be achieved. The working steps 
which applied consequently here are: 

1.  Using on screen digitizing in free sources satellite 
images to digitize main streams and sub-streams 
within the River Nile catchment area. 

2.  Converting digitized streams KMZ file to Database 
file using ArcToolbox Application. 

3.  Applying Data Quality Control on streams layer. 
Data Quality Control (DQC) is the process of 
controlling the usage of data with known quality 
measurement. It can be applied by either manual or 
automated process. Automated procedures depend on 
spatial relationship matrix called Topology. Once you 
have discovered the topology errors, you can handle 
this error on the map using fix topology tools.  

4.  In ArcCatalog application a new topology layer was 
created in the same dataset with streams layer in the 
above mentioned database. 

5.  After applying full Data Quality Control (DQC), 

developing updated basemap for River Nile in Egypt 
using free sources satellite images with streams layer 
is produced, as shown in Figure (7). 

 

Figure 7.  Updated Basemap for River Nile Basin in Egypt. (Map scale 
1:2,000,000) 

8. Conclusions 
Availability of data that make users in different disciplines 

use free sources satellites images in positional data 
extraction encourage specialists to carry out researches in 
order to test and evaluate  positional extracted data. In   
this context, it was necessary at the beginning to address, 
review, assesses and evaluates these sources of free and  
open accesses satellite images, including Google Earth 
Application and Esri ArcGIS online data. Assessment for 
free sources satellite images, in terms of horizontal accuracy, 
and depending on the available images resolution, has been 
done. The obtained results of Root Mean Square Error 
(RMSEr) for horizontal coordinate differences in small areas 
vary from 1.57 m to 5.06 m, and large area varies from 8.52 
m to 9.15 m. The results showed that free sources satellites 
images represents a powerful and attractive source of 
positional data that can be used for investigation and 
preliminary studies with suitable accuracy and low cost. 

Image registration techniques for different free sources 
satellite images are a prerequisite step for many important 
applications in different disciplines. This done in the same 
four study areas in Egypt, to register the used free sources 
satellite images, and then get the other points with suitable 
accuracy comparable with GPS accuracy and images 
resolutions. Several experiments have been conducted using 
image registration techniques, for register the different   
free sources satellite images. The obtained result of the 
transformation process i.e. Root Mean Square Error (RMSEr) 
in small areas varies from 1.94 m to 2.86 m and in large area 
varies from 7.428 m to 8.586 m. The obvious differences are 
as a result of many factors such as the difference in the 
images times, the images resolutions, defining the measured 
points and the natural of area under consideration.  
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Finally, using free sources satellite images with the help of 
Geographic Information System Application to build up an 
updated basemap for the River Nile in Egypt to be used in 
different proposes lately. The developed updated basemap 
through this work represented a valuable tool for evaluating 
and analyzing the River Nile pathway which supporting the 
decision making process in different ways for example on 
river navigation. 

In future studies, all the pervious steps can be a doubted in 
different locations within the River Nile Basin outside Egypt 
if GPS points were available. User should take into 
consideration the difference in images resolution case of 
using different images from different sensors. One should 
consider the selection of points to be clear and sharp defined 
to be easy to identify them in the images. The number of 
points used in calculating 2D-coordinate transformations 
relating with areas different size, locations and images 
different times and resolutions. Any area under study should 
be available in which at least three points if either worked 
with 2D-coordinate transformations parameters as in case of 
developing countries. Consequently, in developing countries 
in case of shortage of ground control points or GPS points 
using low cost receivers to observe GPS control points will 
be match with free sources satellite images resolutions and 
give consistent results. 
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