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ABSTRACT: The aim of the study is to discuss position accuracies and to examine the land use changes
quickly after performing the geometric transformation of satellite images, European side of Istanbul, using
DGPS (Differential Global Positioning System). In the study, the minimum number of DGPS epochs is exam-
ined to meet the acceptable accuracy of 0.5 pixels for the geometric transformation of satellite images. Sepa-
rately, The Landsat 5 TM with 30 m. resolution, Spot Pan images with 10 m. resolution and IRS Pan images 
with 5 m. resolution are used. First, the images are transformed into UTM system using maps with 1/25 000
scale. Second, the coordinates on UTM system of control points are computed from DGPS data. The images
are then transformed into UTM system using only five DGPS points. The two transformation results are com-
pared each other. Finally, mean square errors related to the resolutions of satellite images are examined. 

1 INTRODUCTION

Remotely sensed images are not Maps. Frequently, 
however, information extracted from remotely 
sensed images is to be integrated with map data in a 
geographic information system or presented to con-
sumers in a maplike form. The transformation of a 
remotely sensed image so that it has the scale and 
projection properties of a map is called geometric 
correction (Mather, 1987). This process is fitting of 
the coordinate system of one image to that of a sec-
ond image of the same area. The Accuracy of image 
rectification is affected by a few factors, including 
the quantity and distribution of GCPs and their reli-
ability, which in turn is controlled by the quality of 
the GCP source. Conventionally, topographic maps 
are a common source of GCP coordinates. Topog-
raphic maps, however, are not readily accessible for 
certain parts of the world; they may be obsolete, or 
at an inappropriate scale. This problem may be over 
come with the used of Global Positioning System 
(GPS) technology (Gao, 2001). 

Most people have been working about subject. 
For example, (Clavet et al. 1993) used a combina-
tion  of orbital data, digital elevation model, and four 
methods  of acquiring GCPs to produce  ortho-
images from SPOT satellite data for use in updating 
1:50 000 scale Canadian National Topographic 
Maps. Kardoulas et al. (1996) compared rectification 

of Landsat MSS, Landsat TM, and SPOT Panchro-
matic satellite imagery using 1:100 000 scale topog-
raphic maps with GPS derived locations (Smith and 
Atkinson, 2001).  In this study, accuracy of rectifica-
tion has been examined by using 1:25 000 scale 
maps and DGPS coordinates. 

2 DGPS

GPS (Global Positioning System) is a satellite radio 

navigation system deployed by the U.S. Department 

of Defense (DoD). The system provides highly accu-

rate position, velocity, and time information to users. 

It consists of 24 satellites where orbits consist of 4 

planes with 6 satellites per plane. There are three 

primary components in the GPS signal. Two carrier 

frequencies, two types of codes for code pseudo-

range measurements, and finally satellite locations, 

clock information, and other data. These codes are P 

code (Precision code) and C/A code (Coarse/ Acqui-

sition code). P code is transmitted on two frequen-

cies, which are L1 at 1575.42 MHz (it is equivalent 

to a wavelength of about 19 cm) and are the L2 at 

1227.60 MHz (it is equivalent to a wavelength of 

about 24 cm). The C/A code is transmitted only on 

L1 frequency (Jin, 1996), (Hofmann-Wellenhof et 

al., 1992), (Lachapelle, 1990). 
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Code or carrier phase observations and both of 
them can be used to determine point positioning via 
GPS. Certainly, point positioning with carrier phase 
observations is more accurate than code observa-
tions. For example, the accuracy of baseline solu-
tions with post-processed static method is given by 
the formula as (5mm + 1ppm) (Ashtech Manual, 
2000). This accuracy is enough for the rectifications 
of satellite images and is also more precise than the 
accuracy of a GCP obtained from maps with 
1/25000 scale. However, this accuracy is generally 
very high for the rectification of remote sensing im-
ages depending on their resolutions. The resolutions 
images used in practice change from 0.61 m to 30m. 
For example, the resolution of the Spot Panchro-
matic images is 10m; the Landsat 5 TM is 30m; the 
IRS Panchromatic is 5m. Therefore, the position ac-
curacies of GCPs on the order of millimeter or cen-
timeter are not required for rectification of these im-
ages. Code correction method, which offers position 
accuracies on the order of meter, is enough for the 
rectification process. For a successful rectification, 
GCPs must be homogenously dispersed throughout 
the satellite image. When also reliably matching 
problem between the satellite image and reference is 
considered, the positions of many GCPs should be 
determined by GPS (Sahin et al., 2001). The obser-
vation period of a GPS baseline with rapid static or 
static method is about 15-20 minutes depending on 
the distance of the baseline. However regions in re-
mote sensing studies cover very large areas. In addi-
tion, traffic is also a very important problem to reach 
the GPS in a metropolitan city such as Istanbul. In 
the planning stage, two or there GPSs are planned to 
observe on each corner and in the center of image. 

Any individual GPS receiver supplies position 
accuracy of about 20-30 meters after removing se-
lected availability (SA). However the data from two 
receivers can be combined to eliminate many 
sources of error, resulting in accuracies ranging from 
a few meters to a few centimeters. This process is 
termed differential GPS (or DGPS). Basically, the 
DGPS principle is as follows: A GPS reference re-
ceiver located at a station, of which the coordinates 
are known, continuously collects range measure-
ments from all visible satellites. The biases in the 
observations can be determined by taking the differ-
ence between the measured distance and the com-
puted distance from the known station and satellite 
positions. The observations of rover receivers in the 
vicinity of the reference receiver will be contami-
nated by biases similar to those computed at the ref-
erence station. If the computed biases can be sub-
tracted from the range measurements of the rover 
station, the positioning accuracy of the rover station 
is improved. The computed biases are known as dif-
ferential corrections (DCs). DGPS method can be 
applied within a radius of a few hundred kilometers 

from the reference station (Jin, 1996). A schematic 
illustration of real-time DGPS is given in Figure 1. 

Figure 1. Real Time DGPS method.

Differential corrections can be performed either 
in real-time via special radio links, or as a post-
processing procedure on a computer. In general, 
both techniques are equally accurate. However, in 
reality, the accuracy of post-processed DGPS can 
vary dramatically depending on the quality of used 
differential software. A good post-processing pro-
gram can be more accurate than real-time correc-
tions. A poor post-processing program can be less 
accurate than real-time corrections. However, in the 
post-processed DGPS, the elimination of the real-
time radio link provides a great flexibility in where 
roving field measurement crews can collect informa-
tion. With post-processed DGPS the maximum 
range of differential correction is extended to as 
much as several hundred kilometers from the refer-
ence. Additionally, there is no line of sight require-
ment between the reference and the rover because of 
limitations of many radio links. Because radio links 
delay transmission of DCs, one of the most impor-
tant advantage of post-processed DGPS according to 
real-time is always to use real corrections. 

In the DGPS method with increasing the distance 
between the reference and the rover, the positioning 
accuracy deteriorates, because of the effect of 
ephemeris errors and atmospheric (ionospheric and 
tropospheric) delays. Spatial decorrelation can be 
described as a gradual increase in error as the refer-
ence/rover distance increases. This error is due to 
differences in the path of the radio signal from the 
satellite to the reference and rover receivers. When 
the signal paths to the reference and the rover are not 
identical, the resulting differences show up as posi-
tion errors that cannot be removed by differential 
correction (because this error is not common to the 
reference and rover). Usually such differences are 
the result of variation in the Earth's ionosphere and 
troposphere. At present, various DGPS measure-
ments and evaluations methods such as the using of 
a network of DGPS reference stations and carrier 
smoothed code data instead of local-area DGPS im-
plementation have been developed to overcome the 

R
D

Reference Station Rover Station
Receiver

  Radio  

Modem

  DCs

Receiver

  Radio  

Modem

025   178 11-12-2002, 09:37:51



179Geometric correction of satellite images using DGPS

spatial decorelation of DCs (Bakker and Lapucha, 
1994).

3 THE POSITIONING OF GCP WITH POST-
PROCESSED DGPS 

The study region, European Side of Istanbul, covers 

the area of about 2236.1 km
2
. Its length is approxi-

mately 55 km; its width is approximately 40 km. 

The positioning of totally 15 GCPs was planned. 

Phase and code observation data with five seconds 

interval at each GCP were collected in 30 minutes. 

GPS observations were carried out for two days. 

Three Ashtech Zxtreme receivers with 701975.01 

antennas of which two receivers are the reference 

and one is the rover are used in GPS observations. In 

addition, a notebook computer in which the Spot 

Panchromatic and Landsat 5 TM images are loaded 

is used in the field. By looking at the images in the 

notebook, it is controlled that GCPs on the image, 

correspond to the some points in the field (Figure 2). 
In the first evaluation step, positions of whole 

GCPs in the WGS84 datum with the static method 
were computed according to two reference stations 
of which coordinates are known. In the paper, the 
rectifications of the images with various resolutions 
by using the results of static GPS method are not 
mentioned. 

In the second evaluation step, positions of whole 
GCPs in the WGS84 datum by the post-processed 
DGPS method were computed according to only one 
reference station. In this DGPS evaluation, only 
code observations and their DCs were used; results 
of the carrier smoothed code data are not given in 
this paper. The software called Ashtech Office Suite 
for Survey 2.00 processes all evaluations of GPS ob-
servations.

        Figure 2. Study area and selected points 
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The positions of GCPs by the post-processed 
DGPS were determined from sixth epoch and then 
the coordinates of GCPs are transformed to the Na-
tional Coordinate System by using previously de-
termined transformation parameters. The main aim 
of the paper is to show the success of the rectifica-
tions of the Spot Panchromatic, the Landsat 5 TM 
and the IRS Panchromatic images by using the 
DGPS result with only one-epoch and to compare 
these results with the rectifications performed maps. 
(Figure 3 and 4) illustrate the variations of the north 
and east components of two GCPs by DGPS posi-
tioning during the measurement period with 30 min-
utes.

Figure 3. The Results of DGPS and Static Evaluations are for 

the GCP Numbered as 109 WGS84. 

The distance of the GCP numbered as 109 from 
the reference station is about 4 km. The distance of 
the GCP numbered as 217 from the reference station 
is about 35 km. While the maximum biases of DGPS 
results from static results at GCP 109 is about 0.5 m, 
the biases at GCP 217 reach about 1 m. Figure 1 and 
2 clearly illustrate that with increasing the distance 
between the reference and the rover, the positionin-
gaccuracy deteriorates. Normally, DGPS measure-
ment time is very short. When four satellites are 
visible at both the reference and the rover stations, 
the computing of the rover position is possible. 
Therefore, using only one-epoch data rectifies im-

ages. The closeness or remoteness of the chosen ep-
och results from the static results is completely a 
chance. However, it is clearly seen that the position 
accuracies of chosen sixth epoch results are on the 
order of meter or less than meter and this accuracy is 
enough for the rectification processes of the Spot 
Panchromatic, the Landsat 5 TM and the IRS Pan-
chromatic images. The biases of only one-epoch 
DGPS results from static results for all GCPs are 
given in the Table 1. 

Figure 4. The Results of DGPS and Static Evaluations are for 

the GCP Numbered as 217 in WGS84.

In the study, the distances between GCPs and the 

reference station vary between 4 and 37 km. Obser-

vation data were collected at various times of the 

days and various satellites visibility conditions. 

However, the horizontal position accuracy of one-

epoch DGPS can be reached at ±0.7 meters level. 
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Table 1. Static and One-Epoch DGPS Results in National Coordinate System and Differences. 

Static Results 1 Epoch DGPS Results The Biases GCP
Num-
ber

N
[m]

E
[m]

h
[m]

N
[m]

E
[m]

h
[m]

dN
[m]

dE
[m]

dh
[m]

216 4573460.861 639972.345 29.456 4573459.160 639972.216 29.272 -1.701 -0.129 -0.184

217 4578610.513 641118.195 24.445 4578611.180 641118.460 24.200 0.667 0.265 -0.245

218 4575317.580 640237.258 28.849 4575317.894 640237.165 27.943 0.314 -0.093 -0.906

219 4542723.695 627957.130 164.849 4542724.009 627957.052 165.556 0.314 -0.078 0.707

220 4541072.625 628063.020 92.201 4541071.921 628062.860 94.066 -0.704 -0.160 1.865

221 4541347.138 639256.021 171.739 4541348.011 639255.472 172.678 0.873 -0.549 0.939

222 4566822.599 677250.962 23.621 4566823.290 677251.156 24.095 0.691 0.194 0.474

223 4565284.575 675472.851 126.123 4565284.999 675473.125 126.953 0.424 0.274 0.830

224 4562763.290 674284.346 220.565 4562764.010 674284.166 221.302 0.720 -0.180 0.737

225 4544171.610 661869.890 85.199 4544171.516 661869.920 84.784 -0.094 0.030 -0.415

226 4540911.213 665344.735 23.430 4540911.351 665344.816 24.190 0.138 0.081 0.760

227 4542640.067 666998.669 33.811 4542640.504 666998.915 34.928 0.437 0.246 1.117

106 4551233.264 663825.672 91.274 4551233.108 663826.162 89.376 -0.156 0.490 -1.898

109 4547581.613 650221.422 111.869 4547581.553 650221.41 111.097 -0.060 -0.012 -0.772

112 4563708.101 643834.168 165.388 4563708.187 643834.049 167.058 0.086 -0.119 1.670

Figure 5. Residual distribution of DGPS points after iteration. 
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4 RECTIFICATION OF REMOTE SENSING 
DATA

The satellite images are rectified by using the GPS 

coordinates derived from the methods explained 

above and 1:25 000 scale maps revised in 1996. It 

was not possible to use all of the 15 DGPS stations 

observed because some points selected on the 1992 

SPOT P data could not be defined. It was also ob-

served that some other points changed depending on 

the data of the Landsat 1997 and IRS Pan 1998. The 

reason for this may be the land use change since 

1992. In this research the images of 1992 Spot P, 

1997 Landsat 5 TM and 1998 IRS Pan are used. The 

map coordinates are extracted from a standard map 

with 1:25000 scale. The points selected on the map 

are also coordinated by DGPS. The rectification was 

performed with 9 points. The results are in Figure 4 

and Table 2. Maximum Root Mean Square Error 

(RMS) is 0.5 pixels. 

Table 2: Result of RMS error. 

Satellite
Image 

Resolution 

Meters 

MAP 

RMS
Pixels

DGPS     
(1 epoch) 

RMS

Point No 

Landsat 5 
TM

30  0.76  0.61 9 

Landsat 5 
TM

30  0.55  0.48 8

Landsat 5 
TM

30  0.33  --- 7 

Spot Pan 20 1.10 0.69 9 

Spot Pan 20 0.81 0.56 8 

Spot Pan 20 0.62 0.40 7

Spot Pan 20 0.18 --- 6 

IRS Pan 5 2.43 0.99 9 

IRS Pan 5 1.96 0.70 8 

IRS Pan 5 1.62 0.56 7 

IRS Pan 5 1.15 0.49 6

IRS Pan 5 1.04 --- 5 

IRS Pan 5 0.68 --- 4 

5 CONCLUSION 

Rectification of remote sensing data is essential for 

many applications. The most important one is to use 

the data as maps. The planimetric accuracy of re-

mote sensing data depends on the accuracy of recti-

fication. In this research, the rectification accuracy is 

examined depending on the accuracy of resolution. 

Post process DGPS produced a position accuracy of 

maximum 1.0 meter in the region, which is a very 

good number for the images used in this research. 

The observation period for DGPS is just a few min-

utes. Of course, DGPS produced better accuracy 

than the maps with 1:25000 scale. With DGPS, it 

was also easier to produce homogeneously distrib-

uted points. More than one reference stations should 

be used for larger areas than the area concerned in 

this research in order to obtain better accuracy that 

higher resolution satellite images require. 
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