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ABSTRACT 
Image Processing is a technique which is used  to enhance raw 
images received from cameras  and sensors placed on satellites, 
space probes and aircrafts or pictures taken in normal day-to-day 
life for various applications. Remotely-sensed data obtained from 

satellites or aircraft are usually geometrically distorted due to the 
acquisition system and the movements of the platform. A 
geometric correction of the image is required whenever the image 
is to be compared with existing maps or with other images. This 
paper deals with the composition of a correction function using 
ground control points. They offer a computational advantage and 
simplify the analysis of significant terms in the correction 
function. An accuracy analysis is performed, with emphasis being 

laid on the number and location of the ground control points.  
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1. INTRODUCTION  
Preprocessing of satellite images prior to image classification and 

change detection is essential. Preprocessing commonly comprises 
a series of sequential operations, including atmospheric correction 
or normalization, image registration, geometric correction, and 
masking (e.g., for clouds, water, irrelevant features)  

The normalization of satellite imagery takes into account the 
combined, measurable reflectances of the atmosphere, aerosol 
scattering and absorption, and the earth‟s surface. It is the 
volatility of the atmosphere which can introduce variation 
between the reflectance values or digital numbers (DN‟s) of 
satellite images acquired at different times. Although the effects 

of the atmosphere upon remotely sensed data are not considered 
errors, since they are part of the signal received by the sensing 
device, consideration of these effects is important. The goal 
conveniently should be that following image preprocessing, all 
images should appear as if they were acquired from the same 
sensor.  

The goal of image rectification is to facilitate the overlay of 
additional imagery and other geographic data sets. A standard 
map area, with boundaries set in UTM, is established for each 

scene, thus all image files for the same region, once rectified, will 
occupy the same map area. The UTM bounds for the scene are 
established according to the file size, the 28.5 x 28.5 m pixels, and 
the minimum/maximum northing and easting required to contain 
the full scene area. These boundaries, the UTM zone and the 
ellipsoid are established on each newly- created empty file.  

Geometric rectification of the imagery resamples or changes the 
pixel grid to fit that of a map projection or another reference 
image. This becomes especially important when scene to scene 
comparisons of individual pixels in applications such as change 
detection are being sought. 

In some cases, Landsat TM scenes are much larger than a project 
study area. In these instances it is beneficial to reduce the size of 
the image file to include only the area of interest. This not only 
eliminates the extraneous data in the file, but it speeds up 

processing due to the smaller amount of data to process. This is 
important when utilizing multiband data such as Landsat TM 
imagery. This reduction of data is known as subsetting. This 
process cuts out the preferred study area from the image scene 
into a smaller more manageable file. 

Once the raw remote sensing digital data has been acquired, it is 
then processed into usable information. Analog film photographs 
are chemically processed in a darkroom whereas digital images 
are processed within a computer. Processing digital data involves 
changing the data to correct for certain types of distortions. 

Whenever data is changed to correct for one type of distortion, the 
possibility of the creating another type of distortion exists. The 
changes made to remote sensing data involve two major 
operations: preprocessing and postprocessing. 

The following Coimbatore imagery in Figure 1 shows the 
necessary of preprocessing . Because the Coordinates not in 
British National Grid coordinates. 

 
Figure 1.Geometrically not corrected Coimbatore Imagery 
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The preprocessing steps of a remotely sensed image generally are 
performed before the postprocessing enhancement, extraction and 
analysis of information from the image. Typically, it will be the 
data provider who will preprocess the image data before delivery 
of the data to the customer or user. Preprocessing of image data 

often will include radiometric correction and geometric 
correction.But this paper only focus on geometric correction. 

 Radiometric corrections are made to the raw digital 
image data to correct for brightness values, of the object 
on the ground, that have been distorted because of 
sensor calibration or sensor malfunction problems. The 
distortion of images is caused by the scattering of 
reflected electromagnetic light energy due to a 

constantly changing atmosphere. This is one source of 
sensor calibration error. 

 Geometric corrections are made to correct the 
inaccuracy between the location coordinates of the 
picture elements in the image data, and the actual 
location coordinates on the ground. Several types of 
geometric corrections include system, precision, and 
terrain corrections.  

 

2.GEOMETRİC CORRECTİON 
Geometric correction is necessary to preprocess remotely sensed 
data and remove geometric distortion so that individual picture 
elements (pixels) are in their proper planimetric (x, y) map 

locations. This allows remote sensing–derived information to be 
related to other thematic information in GIS. Geometrically 
corrected imagery can be used to extract accurate distance, 
polygon area, and direction (bearing) information. 
 
Remotely sensed imagery collected from airborne or spaceborne 
sensors often contain internal and external geometric errors.These 
can be systematic (predictable)or nonsystematic 
(random).Systematic geometric error is generally easier toidentify 

and correct than random geometric error. Some of these errors can 
be corrected by using ephemeris of the platform and known 
internal sensor distortion characteristics. Other errors can only be 
corrected by matching image coordinates of physical features 
recorded by the image to the geographic coordinates of the same 
features collected from a map or global positioning system (GPS). 
 
Internal geometric errors are introduced by the remote sensing 

system itself or in combination with Earth rotation or curvature 
characteristics. These distortions are often systematic 
(predictable) and may be identified and corrected using pre-launch 
or in-flight platform ephemeris (i.e., information about the 
geometric characteristics of sensor and the Earth at data 
acquisition). 
 
Geometric distortions in imagery that can sometimes be corrected 

through analysis of sensor characteristics and ephemeris data 
include: 
•   skew caused by Earth rotation effects, 
• scanning system–induced variation in ground resolution cell 
size, relief displacement, and tangential scale distortion. 
 
External geometric errors are usually introduced by phenomena 
that vary in nature through space and time. The most important 

external variables that can cause geometric error in remote sensor 
data are random movements by the aircraft (or spacecraft) at the 
exact time of data collection, which usually involve: 

• altitude changes, and/or 
• attitude changes (roll, pitch, and yaw). 
 
In order for a GIS software package to correctly display a raster or 
vector image the image must contain geospatial information. The 

geospatial information relates the image pixel coordinate values to 
real world coordinate values (e.g., the British National Grid). The 
geospatial information enables the software to display the images 
with the correct scaling and orientation when viewed in 
conjunction with other GIS data, such as a DEM. 
 
Aerial photographs are not easily Geo Correcting. Image 
orthorectification must be conducted to remove Spherical lens 

distortion and topographic relief offset of ground based features. 
However, Geo Correcting of a map extract is a straightforward 
procedure as the image is essentially planimetrically correct, that 
is the length scale remains constant over the entire image area.To 
do geo Correcting your scanned field slip you will input four 
control points with known x and y coordinates into the corners of 
the images. The coordinate values used will be junctions of N-S 
and E-W oriented divisions of the British National grid, which can 

be assumed to have a precise position and value. 
 

There are different levels of geometric correction of remotely 
sensed imagery: The first level is Registration.In this stage the 
alignment of one image to another image of the same area.The 
next step is  Rectification.This means alignment of  image to a 
map so that the image is planimetric, just like the map. Also 
known as geo-referencing.The next level is Geocoding. A special 

case of rectification that includes scaling to a uniform standard 
pixel GIS. The use of standard pixel sizes and coordinates permits 
convenient layering of images from different sensors and maps 
into a GIS. The final level is Orthorectification. This level focus 
correction of the image, pixel by pixel for topographic distortion. 
The result is that every pixel appears to be viewing the earth from 
directly above, i.e. the image is in a strict orthographic projection. 
 
Generaly there are two  strategies for geometric correction: First 

one is modelling the nature and magnitude of all sources of 
geometric distortion and find the corresponding correction 
formulae. This approach works well when all sources of distortion 
are well understood and can be quantified. This is not the case for 
all sources of distortion, particularly not for the unsystematic 
variations in satellite altitude etc. The second stragiey is  
“Empirical” approach, using reference points (ground control 
points=GCPs). 

 
The model required for geometric correction is then built from the 
positional differences between reference points and their location 
in the imagery. This approach does not require knowing either the 
source or the magnitude of the errors. It is, therefore, the more 
frequently applied approach. 
 
Basically there are two types of geocorrection to be carried 

out.First one is Image to Map geocorrection and  another is image 
to image geocorrection. This paper only focus on the first mehtod. 
For the Image to Map geocorrection system there are two basic 
operations that must be performed to geometrically rectify a 
remotely sensed image – 
 i).Development of Mathematical Transformation between image 
and map and ii).Pixel  Interpolation. 
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3.IMAGE TO MAP GEOCORRECTION 
Geometric distortions introduced by distortions can be corrected 

using ground control  points and appropriate mathematical 
models. A ground control point (GCP) is a location on the surface 
of the Earth (e.g., a road intersection) that can be identified on the 
imagery and located accurately on a map.It is show in the Figure 3  
below. 
 

 
Figure 3.Image to Map Geocorrection 

 
The image analyst must be able to obtain two distinct sets of 
coordinates associated with each GCP: 
• image coordinates specified in i rows and j columns, and 
• map coordinates (e.g., x, y measured in degrees of latitude and 
longitude, feet in a state plane coordinate system, or meters in a 
Universal Transverse Mercator projection). 

 
The paired coordinates from many GCPs (e.g., 20) can be 
modeled to derive geometric transformation coefficients. These 
coefficients may be used to geometrically rectify the remote 
sensor data to a standard datum and map projection.The GCPs 
should be spread evenly over the image, covering the whole 
image, and be placed as much as possible into the corners of the 
image, to give best coverage for calculating the transformation. 

This is not he case in the provided data, as no corners are used, 
and there is a slight over-representation of GCP in the lower half 
of the image. Unfortunately, adding GCP from the given map is 
also limited, as the map covers much less area than the actual 
image. Clustering GCPs in the centre of the image will not give 
accuracy to the transformation of coordinates in the extremities of 

the image. 

 

Figure 3.1 Geocorrection using Coimbatore imagery and 

Coimbatore Toposheets. 

The above Figure 3.1 explain the image to map geocorrection and 
we can see the ground control point spread all over the map.Right 
side of the image is study area of the Coimbatore 
toposheets.Adding GCP from a map is easy and straightforward. 

However, care should be taken when choosing the correct position 
of a GCP, as a scanned map might add to the RMS error, because 
roads tend to be drawn wider than they actually are, or even 
slightly displaced, i.e. University Road is said to be approximately 
30m wide. In addition, the pixel size of the map is 3m; the image 
itself operates with 30m, which is another source of error in 
correct placement of GCP. 

4.IMAGE-TO-IMAGE GEOCORRECTION 
Image-to-image registration is the matching of one image to 
another so the same geographic area is positioned coincident with 
respect to the other. This type of geometric correction is used 

when it is not necessary to have each pixel assigned a unique x, y 
coordinate in a map projection. For example, we might want to 
make a cursory examination of two images obtained on different 
dates to see if any change has taken place. The following Figure 4 
shows the image to image geocorrection,here  image 1 is to be 
geocorrected and image 2 is same area of image in previous year. 
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Figure 4.Image to Image Geocorrection 

 

5.DEVELOPMENT OF MATHEMTICAL 

TRANSFORMATION 
Equations need to be fitted to the GCP data using leastsquares 
criteria to model the corrections. Depending on the distortion in 
the imagery, the number of GCPs used, and the degree of 
topographic relief displacement in the area, higher-order 
polynomial equations may be required to geometrically correct the 
data.The order of the rectification is simply the highest exponent 

used in the polynomial. Calculate new output pixel locations (X, 
Y) and relate image location to map location using a “mapping 
polynomial” function 
 

 X’ = a0 + a1X + a2Y + a3XY + a4X2 + a5Y2 

 Y’ = b0 + b1X + b2Y + b3XY + b4X2 + b5Y2 

 
Using these mapping functions calculate correct map locations 

(X‟, Y‟) for input pixel locations (X, Y) Before applying the 
coefficients to create the rectified output image, it is important to 
determine how well the transformation derived from the least-
squares regression of the GCPs account for the geometric 
distortion in the input image. The method used most often 
involves the computation of the root-mean-square error 
(RMSerror) for each of the ground control points. 
 

Selecting GCPs and deriving the transformation and RMS error is 
an iterative process.  
• First, an initial set of GCPs (e.g., 20) are used to compute an 
initial set of coefficients and constants. 
• The root mean squared error (RMSE) associated with each of 
these initial 20 GCPs is computed and summed. 
• Then, the individual GCPs that contributed the greatest amount 
of error are determined and deleted. 
• After the first iteration, this might only leave 15 of 20 GCPs. 

 
A new set of coefficients is then computed using the16 GCPs. The 
process continues until the RMSE reaches a user-specified 
threshold (e.g., <1 pixel error in the x-direction and <1 pixel error 
in the y-direction). The main goal of GCP  is to remove the GCPs 
that introduce the most error into the multiple-regression 
coefficient computation. When the acceptable threshold is 
reached, the final coefficients and constants are used to rectify the 

input image to an output image in a standard map projection. 
 
 

Table 5.Ground Control Points.Control Point Error:X:0.4965 

Y:0.3465  RMS Error Total:0.60 
 

 

 
 

The above Table 5 shows the 16 ground control points in the 
Coimbaore imagery to map georeference and it proves the 

minimum RMS error .we have maintain <1 RMS error . In this 
geocorrection RMS error is 0.6 so it is below the one.So it will 
provide the high quality gereferenced image. 
 

6.PIXEL INTERPOLATION 
First  the pixel brightness values must  be determined. As there 
may be no direct one-to-one relationship between the movement 
of input pixel values to output pixel locations, the rectified output 
image often requires a value from the input pixel grid that does 
not fall neatly on a row-and-column coordinate. When this occurs, 
there must be some mechanism for determining the brightness 
value to be assigned to the output rectified pixel. This process is 
called pixel interpolation. 

In order to geometrically correct the original distorted image, a 
process called resampling is used to determine the digital values 
to place in the new pixel locations of the corrected output image. 
 
The resampling process calculates the new pixel values from the 
original digital pixel values in the uncorrected image. There are 
three common methods for resampling: 
• nearest neighbour,• bilinear interpolation,• and cubic 

convolution.The following Figure 6 shows the resampling 
imagery of coimbatore using nearest neighbour resampling 
mehtod. 

 

7.RESULT AND DISCUSSION 
There are two methods are used to check the image is correctly 

georeferenced.  When we reopen the image in the viewer in 
ERDAS Imagine.when you move the cursor around the image the 
position values given at the bottom left of the window should be 
British National Grid coordinates,Projection type, WGS84 is 
Spheroid and Datum and not image pixel coordinates.It is show in 
the following Figure 7.  
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Figure 7. Gecodified imagery. 

 
In some cases it is necessary to mosaic a number of individual 

scenes. To do this the scenes should be rectified to the same map 
projection and datum. One of the images to be mosaicked is 
designated  as the base image. The base image and rectified image 
will normally overlap a certain amount (e.g., 20% to 30%).we can 
see the edge matching and river mathing by overlapping these two 
image. We can see  these matching in the following figure.7.1.In 
this coimabtore settlement is match with each other. Here the base 
image is coimbatore map another is rectified image. 

 

 
Figure 7.1 Image Mosaic process 

8.CONCLUSION 
The preprocessing of remotely sensed image is very imaportant to 

improve the quality and to remove the errors. It consists of two 
correction geometric and radiometric correction.This paper only 
focus on geometric correction. This  geometric correction use 
Geographic (Lat/Lon) as projection type WGS84 is Spheroid and 
Datum and polynomial geometric method . This paper shows the 
geometric correction process done in the Coimbatore imagery to 
improve the quality and it shows the process of distortion 
removed .Finally we get the georectified image using ERDAS 

Imagine 9.1. It shows in figure 7. 
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