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1. INTRODUCTION 

The brazilian cartography has serious problems related to the update of bases and the availability of maps 

at scales appropriate to a variety of studies. This situation is worse for larger scales of detail, very 

important in municipal applications. In this sense, the use of images of high spatial resolution has been 

very important to the generation of large-scale maps, especially for countries with continental dimensions 

like Brazil. 

For nearly a decade, high resolution sensors are constituting themselves into some very interesting options 

for mapping. Today there are various options available and considering one of the latest satellites, GeoEye 

has been the object of this study. 

The GeoEye-1, launched in September 6, 2008 from Vandenburg Air Force Base in California (Geoeye, 

2010), is one of the satellites responsible for generating images with high spatial resolution for civil uses 

nowadays. Its geometric accuracy specification suggests it is useful for applications in large scales, if high 

cost of high resolution images is compatible with the desired application. 

The Geoeye-1 provides panchromatic and/or multispectral bands (blue, green, red and near infrared) with 

spatial resolution of 0.41 and 1.65 meter, respectively, with 15.2 kilometers swath width. Its radiometric 

resolution is 11 bits and range of up to 3 days revisit (Spaceimaging of Brazil, 2010). This newly 

developed sensor is optimized for large projects, as it can collect over 350,000 square kilometers of pan-

sharpened multispectral satellite imagery every day. 

In this sense, this work seeks to present the results of an assessment of the Geoeye-1 scene geolocation 

accuracy. This scene was acquired over a flat area, and it was orthorectified using control points. The 

evaluation included, also, the influence of the use of Digital Elevation Models (DEM) with different 

resolutions and accuracies. 

Objectives 

This work aims to evaluate the geolocation accuracy of a Geoeye-1 scene orthorectified using ground 

control points (GCPs), considering Brazilian standard specifications (Brasil, 1984) for classification of 

cartographic bases. It will also be evaluated the influence of DEM used in orthorectification. To do this, 

DEMs were generated using different inputs, like: from a cartographic base in scale 1: 2,000; by 

photogrammetry, scale 1: 25,000; ASTER GDEM; and SRTM version 2. 

Study area  

Study area corresponds to the University City, an island within Guanabara Bay, in Rio de Janeiro, Brazil 

(Figure 1), where the main campus of the Federal University of Rio de Janeiro is located in. The island is 

predominantly flat, with altitudes near sea level (generally between 0 and 20 meters), presenting area of 

4.7 square kilometers, approximately.  

2. METHODOLOGY  

The GeoEye-1 scene, acquired in July 2010, with RPCs, was orthorectified in OrthoEngine, PCI 

Geomatica, version 10.2. It was tested the use of 1 to 5 GCPs in order to verify the stability of the model 

and the minimum number of points needed to achieve the best results. All points were established in the 

field with a GPS of one frequency (L1), through static and relative positioning with a minimum of 1,500 

epochs, for a vector less than 10 km to the base. GPS data were post processed in Ashtech Solution 

software, considering accuracy of 5 centimeters in planimetry and 10 centimeters for altimetry. 



 
Source: Cartographic base – IBGE and Image – Google Earth 

Figure 1: Ilha do Fundão, State of Rio de Janeiro, Brazil 
After the determination of the best set of GCPs, orthorectification was repeated four times – one for each 

of the four DEMs used, always using the same GCPs, previously identified in the image. GCPs were used 

consist linear feature crossings. The orthoimages generated were evaluated by comparing the position of 

checkpoints (not used in the process of orthorectification) with their counterparts in orthoimage. This 

process was repeated for the four orthoimages generated with four DEMs. 

3. RESULTS 

It was observed, through the RMS indicated in the control points identification stage, that the use of up to 

3 GCPs did not stabilize the model for the orthorectification, and RMS always indicated a value above 1 

pixel. After the identification of the 4th GCP, the model presented stability, achieving RMS below 1 pixel. 

Due to a very small improvement by adding a 5th GCP it was decided to use 4 GCPs in the 

orthorectification process. 

When DEM generated from contours and quoted points from 1:2,000 cartographic base was used it was 

obtained an orthoimage with an average displacement of 0.32 meter, with standard deviation of 0.22 meter. 

The maximum displacement observed was 0.76 meter. 

Using DEM generated from correlation of aerial photographs, processed in photogrametry stations, for 1: 

25,000 scale mapping, average displacement observed was 0.50 meter, with standard deviation of 0.40 

meter. The maximum displacement observed was 1,64 meter. 

Orthoimage generated using ASTER GDEM presented a result quite lower than it was expected: average 

displacement was 3.66 meters and standard deviation was 1.46 meter. The maximum displacement 

observed was 6.61 meters. 

SRTM DEM version 2, with its 3 arc second pixel, allowed a good orthorectification, presenting an 

average displacement of 1.60 meters, with standard deviation of 0.88 meter and maximum displacement of 

3.41 meters. 

4. CONCLUSIONS AND FINAL CONSIDERATIONS  

According to the results for the amount of GCPs required for orthorectification, it was observed that, 

although it is possible to orthorectify Geoeye-1 scenes with only one control point – or even without any 

GCP –, it is necessary to use 4 GCPs in order to achieve a RMS less than 1 pixel (0.5 meter). This number 

seems to be quite reasonable if the purpose is to reach accuracy better or equal to 1 pixel. 

Results showed that, even in a flat area and next to the sea level (less than 20 meters), using DEMs with 

different details and accuracy (with different resolutions) really interfere in the product quality.  Not 

surprisingly, the best result – and the only one in which displacement was less than 1 pixel (0.5 meter) – 

was obtained with the use of DEM generated from 1:2,000 cartographic base, whose pixel was 1 meter. 

With this DEM, orthoimage presented accuracy according to class A of 1:2,000 scale. It is necessary to 

comment that this orthoimage presented deformation on the edge of the island, nearby with the waterline. 

Since this orthoimage was the only one which showed this problem, the origin of it may be the DEM used. 

Orthoimage generated using Photogrammetric DEM (1: 25,000) kept the average displacement within 1 

pixel. However some of the checkpoints used in the evaluation presented displacements around one meter. 

Because of this, this orthoimage meets accuracy specified to class B of 1:2,000 scale. On the other hand, as 

the State of Rio de Janeiro is completely covered by this DEM it is important to consider its usage because 



of convenience. The DEM 1: 2,000 is available only in a few localities in Brazil. Considering the 

availability of 1:25,000 DEM, accuracy difference between these orthoimages may be considered are too 

small. 

The ASTER GDEM is a very interesting product because of its global coverage and resolution of 1 arc 

second. However, it seems to have been the responsible for the bad performance of orthoimage in which it 

was used. This orthoimage reached specifications for class B of 1:10,000 scale, what is not acceptable for 

a product like the Geoeye-1 scenes. ASTER GDEM probably presents problems in this area, which 

deserves an investigation. 

The 3 arc seconds SRTM DEM surprises again due to the good result observed: orthoimage generated 

making use of it had a good performance, achieving the specified for class A of 1: 5,000 scale. It may be 

commented that orthoimage presented artifacts in 2 locations, close to the coastline of the island, 

and  should be investigated, since version 2 of SRTM DEM may present some problems, possibly 

demanding some editing. 

Geoeye-1 scenes orthorectification, using ground control points and appropriate DEMs, may reach 

geolocation accuracy values specified for large scales such as 1:2,000. In fact, it almost reach the 

specification of class B of 1:1,000 scale, according to the Brazilian standards (Brasil, 1984). It is important 

to emphasize that the assessment was made in a scene acquired over a flat area, close to sea level, where 

favorable conditions for the geometric correction are usually found (Barros, 2006, Correia, 2007). 

Results achieved suggest the possibility of the use of Geoeye orthoimages into high details studies and/or 

mapping in which high accuracy is necessary. It may be usefull for most of municipalities in Brazil. 

It is necessary the continuity of this study, including expansion of the number of checkpoints and with 

research on a stereoscopic pair to DEM generation from correlation between images. It is also necessary 

repeating the tests over areas with different topography. 
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