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Abstract:

All remote sensing imagery, from satellites, is inherently subjected to geometric distortions.
Therefore geometric corrections, as preprocessing operations, are normally required prior to
imagery analysis and extraction of information.

This paper conducts geometric correction procedure of sample of raw satellite images using
georeferenced images (image-to-image registration) of the same area. In this procedure, many
well-distributed ground control points (GCPs) pairs (from both images) are identified. Then a
proper transformation polynomial is applied to map the original image GCPs coordinates into the
new georeferenced image GCPs coordinates. A resampling process is carried out to recalculate
the gray level values for pixels in the transformed output image (new pixels locations) based on
pixel values in the input image. Also, this paper presents an analysis study of the effect of
variation of the number of GCPs and the order of the mapping polynomials on the accuracy of
geometric correction process. The Root Mean Square Error (RMS), at the selected GCPs, are
calculated and used as a measure of accuracy of the obtained results.

Keyword: Remote sensing satellite imagery, Geometric correction, Image registration,
Ground control points, Resampling.

1- Introduction:

All remote sensing images, from satellites, are subjected to geometric distortions. Therefore
geometric corrections, as preprocessing operations, are normally required prior to imagery
analysis and extraction of information.

Geometric distortion in an image means that the image features positions do not accurately
relate to scene on ground or on map positions.

The geometric distortions may be due to several sources [1], including: The motion of the
scanning system; the motion of the platform; the platform altitude, attitude, and velocity
variations; the terrain relief; the Earth curvature and rotation of the Earth around its axis during
imaging acquisition.

Geometric distortions can be classified into two types [2], [3]:
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1. Systematic (predictable) distortions. A highly systematic source of distortion involved in
imaging from satellites is the eastward rotation of the earth beneath the satellite during
imaging acquisition.

2. Non-systematic (random / unpredictable) distortion
Geometric corrections are intended to compensate for these distortions so that the geometric
representation of the imagery will be as close as possible to the real world.

There are 2 main approaches [2], [3], for correction of the various types of geometric
distortions.

1- Systematic distortions can be corrected by applying formulas derived by modeling the sources
of the distortions mathematically and use these models to establish correction formulae.
These modeling techniques require priori knowledge about the orbit parameters; the nature
and the magnitude of the sources of distortion during the scene acquisition time. Sometimes
these priori information is not available and consequently these techniques cannot be applied.

2- Random distortions and residual unknown systematic distortions are corrected by establishing
mathematical relations between the coordinates of pixels in an image and the corresponding
coordinates of those points on the ground. These relations can be used to correct the image
geometry irrespective of prior information about the source and type of distortion.

The second approach is the most commonly used and it is independent of the platform used
for image acquisition. This approach involves two steps. First step is registration process. It
involves identifying raw image coordinates (i.e. row, column) of several clearly discernible
points, called ground control points (GCPs), in the distorted image, and map them either to their
true positions in ground coordinates (e.g. latitude, longitude) measured from a map (image-to-
map registration), or to georeferenced image (corrected before), coordinates of corresponding
points (image-to-image registration), through to mathematical transformation, that will convert
the raw image coordinates into the desired coordinates [2]. The second step is the resampling
process to recalculate the gray level values for pixels in the transformed output image based on
pixel values in the input (uncorrected) image. There are three common methods for resampling:
nearest neighbor, bilinear interpolation, and cubic convolution [4].

Many studies have been carried out on the geometric correction of satellite images, either
using the first approach, [5], [6], [7], [8], [9], or using the second approach [10], [11], [12], [13].

2- Satellite images data under study

In this paper, the geometric correction process is applied on a sample of three raw (source-
uncorrected) satellite images, (named imagelto image3). These three images are acquired in 1999
by remote sensing satellite LANDSAT 5. They are characterized by the following:

1- Imagel, image2 and image3 represent the areas of Banisuwaf city, East and West sides of
the River Nile, AlGezah city (Egypt), respectively.
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2- Imagel, image2 and image3 are acquired in red (0.6-0.7 pm), green (0.5 — 0.6 pm), and
blue (0.4 — 0.5 pm) spectral bands respectively.

3- The size of each of imagel, image2, and image3, is 417 x 460 pixels.

The three reference (pre-corrected) images, of the same area, size, and imaging band, are used
to be registered with the source images. The reference images are acquired in 1999 by
LANDSAT 5. They were geometrically corrected using maps (image-to- map) registration.

3- Geometric correction process using mapping polynomials

As, mentioned before the second approach of geometric corrections depends on establishing
mathematical relationships (mapping function) between the addresses of pixels in the distorted
image and the corresponding coordinates of those points on the ground via a map or precorrected
image, represented generally as follows:

u="f(x,y) (1a)
v=g(X,y) (1b)
Where:

X, y....the location of points in the reference image (or map in image-to-map registration)
u, v... the location of pixels in the source (distorted) input image
f, g.....the pair of mapping functions.

In fact explicit forms for the mapping functions (1), are not known therefore they generally
chosen as simple polynomials of different degrees. The polynomial equations for a t-degree
transformation take this form [4]:

D . | @)

Where:

u and v are source coordinates (distorted image).
X and Y are reference coordinates .

t 1is the order (degree) of the polynomial

ax and by are the polynomial coefficients

The minimum number of selected GCPs depends on the polynomial order. The relations between
the order of the polynomials; the minimum required number of GCPs; and number of coefficients
of the used polynomials, are given by [4].

N = (t+1)t+2) 3)
2
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M = @+1)t+2) (@)
Where:
N minimum number of GCPs
t order of the polynomial

M number of coefficients

In this work the applied polynomials are of first upto fifth order. Table 1. gives corresponding
number of unknown coefficients and the minimum required number of GCPs

Table 1. Order of polynomials, number of unknown coefficients and corresponding
minimum number of GCPs

Polynomial Order Minimum No. of GCPs Number of coefficients
First 3 6
Second 6 12
Third 10 20
Fourth 15 30
Fifth 21 42

4- Experimental work

The geometric correction process is applied on the selected sample of three raw images, by
the aid of Erdas Imagine 8.5 SW, using the image-to-image registration, and polynomial model of
15,2, 3 4™ and 5™ order. The bilinear interpolation resampling method is used to calculate
the pixels gray level values of the rectified output image in every case. The accuracy of the
correction process is evaluated by calculating the RMS error for every GCP at different cases.
The RMS error is the difference between the desired output coordinate for a GCP and the actual
output coordinate for the same point, when the point is transformed with the geometric
transformation. RMS error in X, Y directions and total (T) RMS error at the GCPs are calculated
according to the following equations [4]:

2 (A

RMS for X

> (Y ) ®

RMS forY

RMS for T = \/lan(AXZi +AY2i)
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Where:

AX;i, AY; = residuals of point (1) in X and Y directions.

T
n
1

= total RMS error
= number of GCPs
= GCP number

5- Results and analysis

Fig. 1. to Fig. 5. show the raw imagel, corresponding georeferenced image, different GCPs
distributions, and the output corrected image in each case.

Table 2., gives the average of RMS error of imagel at the proposed number of GCPs and order
of polynomials.

Table 2. Average of RMS error of image 1

Average of RMS error of image 1
No. of GCPs - 5 -

First Second Third Fourth Fifth
4 I e e e
7 0.536 0257 | - | - | e
11 0.566 0.353 0354 | - | -
16 0.552 0.456 0.456 0442 | -
22 0.531 0.424 0.421 0.413 1.250

Fig. 6. to Fig. 10. show the raw image 2, corresponding georeferenced image, different GCPs
distributions, and the output corrected image in each case.

Table 3., gives the average of RMS error of image 2 at the proposed number of GCPs and order
of polynomials.

Table 3. Average of RMS error of image 2

Average of RMS error of image 2
No. of GCPs - 5 -

First Second Third Fourth Fifth
4 Y e e e
7 0.351 0220 | - | - | e
11 0.464 0.382 0381 | - | -
16 0.390 0.321 0.320 0313 |  ---—--
22 0.408 0.368 0368 0.368 0.359

Fig. 11. to Fig 15. show the raw image 3, corresponding georeferenced image, different GCPs
distributions, and the output corrected image in each case.
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Table 4., gives the average of RMS error of image 3 at the proposed number of GCPs and order

of polynomials.
Table 4. Average of RMS error of image 3
No. of GCPs . Average of RMS'error of image 3 '

First Second Third Fourth Fifth
4 R e e e
7 0.620 0.106 | == | e | -
11 0.576 0.340 0339 | - | -
16 0.613 0.535 0.532 0532 |  -----
22 0.652 0.570 0.567 0.572 0.582

6-Conclusion

Fig. 16. shows that:

The 1* order polynomial rectification often is not considered due to small number of

GCPs.

In case of 2™ order polynomial rectification, the average RMS errors
considerably decreased from 22, 16, 11, 7 GCPs respectively.

In case of 3™ order polynomial rectification, the average RMS errors
considerably decreased from 22, 16, 11 GCPs respectively.

In case of 4™ order polynomial rectification, the average RMS errors

considerably decreased from 22, 16 GCPs respectively.

In case of 5™ order polynomial rectification, the average RMS errors
considerably increased when using 22 GCPs.

have

have

have

have

So the higher order of polynomial rectification means higher number of GCPs leads to
increase the RMS errors.
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Fig. 16. The average of RMS error of all test images at each order of polynomials
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Fig. 1 a &b —Rawimagel and its corresponding reference image,
¢ & d -4 GCPs distribution on raw imagel and its reference,
e & f — Corrected imagel, and its reference with link between them.



Fig. (2) a & b - Raw imagel and its corresponding reference image,
¢ & d -7 GCPs distribution on raw imagel and its reference,



Fig. (3) a &b —Raw imagel and its corresponding reference image,
¢ & d - 11 GCPs distribution on raw imagel and its reference,
e & f — Corrected imagel, and its reference with link between them.



Fig. (4) a &b —Raw imagel and its corresponding reference image,
¢ & d - 16 GCPs distribution on raw imagel and its reference,
e & f — Corrected imagel, and its reference with link between them.



Fig. (5) a &b —Raw imagel and its corresponding reference image,
¢ & d - 22 GCPs distribution on raw imagel and its reference,
e & f — Corrected imagel, and its reference with link between them.



Fig. (6) a &b — Raw image2 and its corresponding reference image,
¢ & d -4 GCPs distribution on raw image2 and its reference,
e & f — Corrected image2, and its reference with link between them.



g T
a
s e

L

Fig. (7) a &b - Raw image2 and its corresponding reference image,
¢ & d -7 GCPs distribution on raw image2 and its reference,
e & f — Corrected image2, and its reference with link between them.



Fig. (8) a &b — Raw image2 and its corresponding reference image,
¢ & d - 11 GCPs distribution on raw image2 and its reference,
e & f — Corrected image2, and its reference with link between them.
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Fig. (9) a &b —Raw image2 and its corresponding reference image,
¢ & d - 16 GCPs distribution on raw image2 and its reference,
e & f — Corrected image2, and its reference with link between them.
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Fig. (10) a & b — Raw image2 and its corresponding reference image,
¢ & d - 22 GCPs distribution on raw image2 and its reference,
e & f — Corrected image2, and its reference with link between them.



Fig. (11) a & b — Raw image3 and its corresponding reference image,
¢ & d —4 GCPs distribution on raw image3 and its reference,
e & f — Corrected image3, and its reference with link between them.
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Fig. (12) a &b — Raw image3 and its corresponding reference image,
¢ & d -7 GCPs distribution on raw image3 and its reference,
e & f — Corrected image3, and its reference with link between them.



Fig. (13) a & b — Raw image3 and its corresponding reference image,
¢ & d - 11 GCPs distribution on raw image3 and its reference,
e & f — Corrected image3, and its reference with link between them.



Fig. (14) a &b — Raw image3 and its corresponding reference image,
¢ & d - 16 GCPs distribution on raw image3 and its reference,
e & f — Corrected image3, and its reference with link between them.
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Fig. (15) a & b — Raw image3 and its corresponding reference image,
¢ & d - 22 GCPs distribution on raw image3 and its reference,
e & f — Corrected image3, and its reference with link between them.



