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Abstract: One of the most important and vital study topics in Egypt is determining and identifying the changes
in agricultural areas relative to time in order to prevent and control the urbanization  in  the  agricultural  areas.
To achieve this goal, the production of large scaled accurate land-cover maps is a must. This study deals with
the production of land cover maps from the corrected processed remotely sensed data, including: panchromatic
Quick Bird, multi-spectral Quick Bird and multi-spectral SPOT data. Different dates of acquisitions of the
remotely sensed data of the area under consideration, namely Damietta city, were used. The work employs
different processes to carry out the study objectives, including collecting ground control points using Omnistar
GPS to be used in the geometric correction of the remotely sensed data; classification of multispectral data to
obtain the cultivated land and urban areas; as well as using the change detection technique to determine the
changes in the cultivated land and urbanization in the area under consideration during the studied time period.
The change detection study was performed using multi-spectral SPOT (acquired in 1997) and multi-spectral
Quick Bird (acquired in 2007) as well as base maps.
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INTRODUCTION among others, used the forward-reverse principal

The production of land-cover maps is of great image, replacing PC-1. In the above two techniques, it is
importance because of its uses in long term planning. assumed that the intensity component (PC-1 or I) is
Some studies focused on the process affecting the spectrally equivalent to the IKONOS panchromatic image
changes that took place in the vegetated areas such as and that all the spectral information is contained in the
Kharin et al. [1]. This research aims to produce accurate other PCs or in H and S. Another technique [4] combines
land-cover maps of the study area to be used as a guide a high frequency image derived from the high spatial
in future planning. Accuracy of produced land-cover resolution data (i.e., IKONOS panchromatic) additively
maps is mainly affected by the resolution of the used with the high spectral resolution (e.g. IKONOS Multi-
remote sensing data. spectral)  image.  The  Resolution  Merge function has

The resolution of a specific sensor can refer to two different options for re-sampling low spatial
spatial,  spectral,  or  temporal  resolution.   IKONOS resolution data to a higher spatial resolution while
Multi-spectral images have four bands with a spatial retaining spectral information, which are: forward-reverse
resolution  of 4 m. IKONOS Panchromatic images have principal components transform and multiplicative
one broad band with a very good spatial resolution equals technique.
to 1 m. Combining these two images yields a four-band
data set with 1 m resolution which includes the best Study  Area  and Used  Data:  The  study  area  is  located
characteristics of both sensors. A lot of models have been in  Damietta  governorate  at  the  Northern  middle  area
suggested to merge these two image types. Welch and of the Egyptian Delta, within the following geographic
Ehlers [2] used forward-reverse RGB to IHS transforms, coordinates, (Figure 1):
replacing I (from transformed IKONOS Multispectral data)
with the IKONOS panchromatic image. However, this Longitude31° 16´ 27.00" E 31° 52´ 37.20" E
technique is limited to three bands (R, G, B). Chavez [3], Latitude31° 22´ 30.00" N31° 28´ 18.70" N

components transforms with the IKONOS panchromatic
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Fig. 1: Location of study area

Fig. 2: Output merged image

In  this  work,  SPOT  data  acquired in 1991 and Image  Rectification:   Geometric   correction   is  applied
Quick  Bird  data  acquired  in 2007 are used to produce to  the  raw  data  to  correct  errors of perspective
the  land-cover  maps.  The  used  technique   from   the distortion  due  to the earth’s curvature and sensor
re-sampling low spatial resolution data to the higher data motion. Many visible/infrared sensors are not nadir
techniques to produce merged Quick Bird image is the viewing;  even  a   nadir-viewing   sensor   is  viewing
forward – reserve principal components transform. More only the scene center at true nadir. Other pixels, especially
details are given in the next sections. The obtained those  on  the  view   periphery   are   viewed   off-nadir.
merged image is shown in Figure 2. For  scenes covering  very   large   geographic   areas

MATERIALS AND METHODS problem.  This  factor  in   addition   to   other  factors,

The following methodology has been implemented to result in geometric imperfections in the sensor image.
produce the land-cover maps: These  errors can be handled by rectifying the image to a

such as LANDSAT (TM), this can be a significant

such  as earth  curvature  and  terrain  variations, will
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Table 1: Coordinates of Ground control points

Number Longitude (E) Latitude (N)

1 31.812311 31.405353

2 31.798289 31.423092

3 31.696164 31.374389

4 31.780972 31.446239

5 31.810344 31.386232

6 31.781739 31.386139

7 31.743819 31.454056

8 31.692656 31.418442

9 31.739944 31.463678

10 31.824778 31.465972

11 31.840928 31.512958

12 31.748817 31.385517

13 31.800813 31.403617

14 31.797914 31.431503

15 31.797453 31.454031

16 31.817475 31.504242

17 31.828225 31.504342

18 31.827452 31.513311

19 31.832433 31.517656

20 31.840422 31.522939

Table 2: Coordinates of Ground check points

Number Longitude (E) Latitude (N)

1 31.828456 31.414569

2 31.779919 31.420403

3 31.702814 31.387661

4 31.758542 31.431461

5 31.809264 31.377172

6 31.760642 31.442311

7 31.674583 31.421006

8 31.799689 31.441478

9 31.813878 31.506008

10 31.840422 31.522939

map using various mathematical models such as
polynomial transformation model [5].

Polynomial transformation model is the process of
transforming the data from one grid system into another
grid system using n  order polynomial. Since the pixel ofth

new grid may not align with the pixels of the original grid,
the pixels must be re-sampled. In the present work, 20
Ground Control Points (GCP’s) and 10 Check Points
collected using Omni-Star GPS, are used for the
rectification process of Quick Bird images. Third order
polynomial is used for all scenes. The Root Mean Square
(RMS) error is found to be 1.21 meters. Tables 1 and 2
show the coordinates of the ground control points and
check points.

Re-Sampling: Re-sampling is the process of extrapolating
data values for the pixels on the new grid from the values
of the source pixels using a geometric transformation
(ERDAS, 2005). The transformation matrix is computed
from the given GCPs. This matrix consists of coefficients
that are used in polynomial equations to convert the
coordinates. The size of the matrix depends upon the
order of the transformation. Depending upon the
distortion in the imagery, the number of GCPs is defined
and their locations relative to one another are calculated.
Complex polynomial equations may be required to express
the needed transformation. The degree of the polynomial
is the highest exponent used in the polynomial. In this
paper, the re-sampling is performed using nearest
neighbor method which transferred the original data
values without averaging them. The extremes and
subtleties of the data values were not lost.

Resolution Merge: Resolution Merge is the process of
sharpening a lower-resolution image (multispectral image)
by combining it with a higher-resolution (Panchromatic
image). This process is a spatial enhancement technique
that modifies the values of any pixel in the image
according to the values of the pixels that surround it.

Due to the presence of both sensors (multispectral
and panchromatic) on the same vehicle that acquires
images at the same time and angle, the registration could
be done using only one point. The merge technique is
applied to the Quick Bird Multi-spectral images (4 bands)
with a spatial resolution of 2.8m and the Quick Bird
Panchromatic with a spatial resolution 70 cm and thus
producing a high-resolution multispectral image (4 bands
with spatial resolution of 70 cm) providing the best
characteristics of both sensors. The merge technique uses
the Principal Component method to retain the spectral
information of the multispectral image. The Principal
Component transforms the multispectral bands into
principal  component  bands generating PC1, PC2, PC3
and PC4. The PC1 numerical range (Minimum to
Maximum) is determined. Then,  the high–resolution
image  is re-mapped and its histogram is kept constant,
but it is in the same numerical range as PC1. PC1 is
substituted by the re-mapped image and the Reverse
Principal Component transformation is applied. Figure 2
shows the result of PC technique.

Classification of Quick Bird and Spot Data: Multi-
spectral classification is the process of sorting pixels into
a finite number of individual classes, or categories of data,
based  on  their  data  file  values.  It  is also referred to as
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Fig. 3: Output classified image showing land-cover classes

image segmentation [6]. Depending on the type of Supervised classification is used in  this  research.
information  you  want  to   extract   from   the  original The supervised classification is used to collect signatures
data,   classes   may   be   associated   with  known for the main land cover types. This process is applied to
features  on  the  ground  or may simply represent areas the multispectral SPOT scene and Quick Bird scenes.
that look different to the computer [7]. The classification Figure 3 shows the output classified image with six
process breaks down into two parts: training and classes (urban, cultivated area, Nile River, bare soil, water
classifying. Training is the process of defining the criteria logged soil and natural vegetation).
by which these patterns are recognized. They are
classified into supervised and unsupervised training Change Detection: The study area includes the following
methods. Unsupervised training is more computer- dominant land cover classes: urbanized area, cultivated
automated.  It enables the user to specify some area and bare soils. A matrix analysis and change
parameters that the computer uses to un-cover statistical detection techniques are used to indicate the classes that
patterns  that  are  inherent  in  the  data.  These  patterns overlap between the input images to detect the major
are simply clusters of pixels with similar spectral changes that occurred in the study area. More details are
characteristics. Unsupervised training is dependent upon given in the next section.
the data itself for the definition of classes. Supervised
training is closely controlled by the analyst. In this RESULTS AND DISCUSSION
process, the user selects pixels that represent patterns or
land cover features that he can recognize, or could be The change detection analysis is performed on
identified with help from other sources, such as aerial different date images (SPOT 1997 and Quick Bird 2007)
photos, ground truth data, or maps. Knowledge of the which have been geometrically corrected and showed
data and of the classes desired, are required before high percentage of compatibility. Change detection
classification. By identifying training, the user can analysis  is   performed   using  ERDAS  Imagine  tools.
instruct  the computer system to identify pixels with The first utilized method is the matrix analysis, which
similar  characteristics.  If  the classification is accurate, creates an output file that contains classes that indicate
the resulting classes represent the categories within the how  the  class  values  of the input files overlap [6].
data that are originally identified. Using  this  tool, the changes of all classes are calculated.
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Fig. 4: Change detection output for the study area

Table 3: Changes in the land-cover of the study area from1997 to 2007

Area (feddan*) Area (feddan) Change in area

Land-cover classes (1997) (2007) (feddan)

Cultivated Land 28804 27519 -1285

Sandy Land 9484 10463 979

Salt Affected Soil 878 858 -20

Urban 5045 5370 325

Fish ponds 7275 5632 -1643

Nile River and lakes 29285 30930 1645

*One feddan = 4200 m2

The final matrix image contains the following classes: the
unchanged cultivated area, the decreased cultivated area,
the increased cultivated area, the unchanged shorelines,
the decreased shorelines, the increased shorelines, the
unchanged Nile River path, the decrease in the width of
the river’s path and the increase in the width of the river’s
path. The second used method is the change detection.
Using this tool, the changes of only one selected class
such as cultivated area, is detected; and the differences in
this class with respect to time is analyzed. Land cover
maps with a scale of 1:25000 as well as accurate merged
maps with scale of 1:5000 are produced. Examples from the
outputs are given in Table 3 and Figure 4.

The Main Conclusions from this Research Are:

The work shows the potential of using image
processing techniques to produce accurate land-
cover maps.
The study shows that useful information can be
extracted from the land-cover maps such as the
decrease in the cultivated areas and the increase of
urban areas. 
Land-cover classes are always changing due to
several conditions such as the population growth,
which affect the urbanized-cultivated area. 
The main aim of this research was to monitor
changes over a period range of 10 years using
advanced GIS analysis tools to compare between the
classified scenes and to produce maps that describe
the changes in the main land types. Changes in the
study area are determined using the remote sensing
data and the adopted techniques.
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