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ABSTRACT: The users of RADARSAT images need ground control points (GCPs) to geometrically correct
or to match the images. But the selection of GCPs has been done manually until now. Thus, the quality of the
rectified images depends on the ability of the operator to select high quality GCPs. This selection is more dif-
ficult in SAR images due to their particular geometry and radiometry. We worked on the development of a 
method and software to automatically identify high quality GCPs in RADARSAT images using data from a 
topographic database. Different strategies have been elaborated to fit with different contexts. These strategies
are gathered into two approaches used to match the two data sources: the vector and the raster approach. For
both approach, a method has been developed to automatically identify GCPs from the category “stretches of
water”. A GCP software prototype has also been implemented according to these methods. 

1 INTRODUCTION 

Users of Radarsat images need ground control points 
(GCPs) to georeference their images, to rectify them 
and to fuse these images. As the selection of GCPs is 
usually done manually, the efficiency of the process 
depends on the ability of the operator to select a 
GCP. This selection is more difficult in SAR images 
due to their particular geometry and radiometry. The 
present communication introduces methods to auto-
matically identify GCPs in Radarsat images using 
topographic databases.  

Like other countries (e.g. United States with 
USGS topographic maps, China with NFGIS, New-
Zealand with LAMPS2, Germany with ATKIS or 
France with BDTopo), Geomatics Canada has de-
veloped a digital topographic database (TDB) cover-
ing the entire country: the National Topographic Da-
tabase (NTDB). Moreover, from the NTDB, 
Geomatics Canada has built the Data Alignment 
Layer (CDAL), which “contains points that are easy 
to identify at different cartographic scales to allow 
the georeferencing of data from various sources” 
(Parent, 1999).  

Several automatic registration methods have been 
developed over the past few years. These methods 
use different techniques. However, these methods 
are not efficient with respect to every situation. One 
needs a generic approach that can be instantiated dif-
ferently depending upon the circumstances (type of 

topography, density of population, availability of 
map datasets, etc.).  

The developed strategy has been designed with 
such issues in mind. Potential users have been tar-
geted as being persons with different levels of edu-
cation (from students to trainees to professionals) 
and who work in various companies with different 
human, financial and computer resources. These 
considerations led us to design two approaches: vec-
tor-based matching and raster-based matching. 
These two approaches require different resources 
and expertise to match candidate points or features 
extracted from Radarsat images with the correspond-
ing points or features obtained from a topographic 
database. The matching process is applied to se-
lected feature classes such as “water bodies” or 
“road intersections” (depending on the characteris-
tics of the area) and allows the automated selection 
of a large amount of potential GCPs, from which 
will be derived a subset including the “best” GCPs 
offering a good spatial distribution. 

This communication introduces the two methods 
developed during the two-year project using the vec-
tor-based and the raster-based approach respectively 
for the feature class “water body”. This “match-
ing/water body” combination was justified by the 
specific context of the tests: two areas with numer-
ous lakes. Then, results of the application of the 
methods will be analysed. The methods presented 
here have been tested with Canada’s NTDB and 
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CDAL datasets to facilitate GCPs selection in Ra-
darsat images over Canada, but the concepts and ap-
proach can be adapted to other countries using their 
national topographic database and taking into ac-
count the particularities of their topography. 

2 THE DATA 

In this study we dealt with two areas of the province 
of Quebec, Canada:  

The area of Quebec City. The site contains urban, 
agricultural and forest zones. It includes the most 
typical GCP which are usually found on satellite 
images;  
The northern area of Quebec, a part of the Un-
gava Bay. The site represents a challenge for the 
georeferring of SAR images because of the lack 
of precisely identifiable GCP. It is an almost 
year-long snow/ice cover. 

The methodology has been developed on the area of 
Quebec City and has been then adapted and applied 
to the northern area. 

The set of Radarsat data contained three images 
in fine far beam (F5) and one image in standard 
beam (descending mode) for the area of Quebec 
City, and two images in standard beam (1 in ascend-
ing and 1 in descending mode) on the Northern area. 
The Radarsat data were Path Image Plus products 
(pixel size: 3.125 m for the far fine beam and 8 m 
for the standard beam) in order to enhance the ability 
to measure point targets. The image products are 
aligned parallel to the satellite’s orbit path. 

The set of the NTDB data consisted of: 
four files at the 1:50 000 scale and one file at the 
1:250 000 scale for the area of Quebec City; 
two files at the 1:50 000 scale and one file at the 
1:250 000 scale for the northern area. 
The horizontal accuracy of the NTDB files can 

vary from one feature to another, but it is generally 
evaluated to 10 m in urban areas, 25 m in rural areas 
and 125 m in isolated areas. This accuracy is, how-
ever, a function of the type of the data sources 
(NTDB 2000). 

This set is complemented with CDAL feature 
files corresponding to the NTS map sheets at the 
1:50 000 scale. There are four CDAL feature files 
per NTS map sheet. These files are based on the 
points’ origin, i.e. intersection between roads/roads 
or roads/railways, point features, linear features and 
polygon features (CDAL, 2000). Thus CDAL fea-
ture files provide useful information for available 
objects, such as: 

the center of mass of objects (e.g. for lakes and 
road intersections), 
the surface or the length of objects,  
the number and the orientation of the road inter-
section branches. 

NTDB and CDAL provide data in geographical 
coordinates (latitude, longitude in decimal degrees), 
as is the case for Radarsat images. However, the Ra-
darsat horizontal reference system seems to be based 
on the GRS75 ellipsoid, while the NTDB one are the 
GRS80 ellipsoid. 

3 THE DEVELOPED STRATEGIES 

We first compared the features of the NTDB and the 
CDAL with the features visible in Radarsat images 
and then selected the different types of features us-
able for automatically identifying GCPs in Radarsat 
images such as lakes, rivers or roads network. From 
this analysis we also concluded that the GCP identi-
fication has to be done per category, e.g. “water 
body” or “roads intersection”. 

In order to let the user choose the strategy appro-
priate to his human, financial and computer re-
sources, and to the circumstances (i.e. type of topog-
raphy, density of population, availability of map 
datasets, and so on) of his areas of interest, two ap-
proaches have been designed to automate the GCPs 
identification: the vector-based and the raster-based 
approach. 

As the areas of interest in our study have smooth 
relief (700-1000 m of elevation with gentle slope) 
with large water bodies (area superior to 19000 m2

),
the elevation information of the selected points have 
not been integrated in our approaches. 

3.1 The vector-based approach 

Figure 1. Vector-based approach scheme. 

The vector-based approach consists in carrying out 

the two data sources matching in a vector database 

in order to select candidate GCPs and the control 

points for the transformation, i.e. the most accurate 

GCPs. 
For this approach, only CDAL data are necessary. 

NTDB is only used to visually check the extracted 
features in a map form using a GIS software. CDAL 
files contain all the useful information in separate 
fields that are easily accessible using SQL. The files 
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of interest are identified using the geographical co-
ordinates of the area of study on the Radarsat image. 
One Radarsat area can include one or more NTS 
map sheets. The SQL queries are done file by file.  

To obtain similar information (center of mass, 

surface, number of intersection branches, ...) of the 

objects under consideration from Radarsat images, 

these objects are extracted from Radarsat images us-

ing commercial image processing software, e.g. a 

texture analysis followed by a binary thresholding 

for the “water body” category. Thena pattern recog-

nition algorithm, using a breadth-first search, has 

beendeveloped to provide the useful information 

from the objects extracted according to the feature 

category to which the future GCP belongs. The pat-

tern recognition algorithm is integrated into the GCP 

software: binary images of the extracted objects are 

input of the GCP software. 

Figure 2. Recognition patterns for the paired vectors.

Vector-based recognition patterns are then cre-
ated using data extracted from Radarsat images and 
using corresponding data from CDAL files. These 
recognition patterns (Figure 2) are established from 
the centers of mass of the various extracted objects. 
These recognition patterns allow us to take into ac-
count the geometric distortions in smooth relief ar-
eas due to SAR imagery acquisition in the two sets 
of data matching. The matching is based on the 
comparison of these recognition patterns, which 
provides the most accurate GCPs for the category of 
interest. 

Couloigner et al. (2002) presents the detailed ap-
proach for the category “water body”. 

3.2 The raster-based approach 

Figure 3. Raster-based approach scheme 

The raster-based approach relies on the fact that the 

user doesn’t need to have a good knowledge of the 

image features. It tends to minimize the image proc-

essing (thresholding, image segmentation, etc) gen-

erally done to extract some features in the image. It 

consists in matching selected features present in 

NTDB files with their homologous features present 

in Radarsat image in order to obtain GCPs. 
Even if different categories have been chosen to 

GCP selection, the raster-based approach has only 
been developed for the “water body” category 
(LeBlanc, 2001).  

Figure 4. Rasterisation of the vector files and mini-matrices 
building for the category “water body”. 

As the matching takes place in a raster environ-
ment, vector NTDB features of interest are first 
rasterized using a commercial software. The rasteri-
zation (Figure 4) allows each pixel to get a single 
value. To improve the processing time, NTDB files 
(as well as the image) are divided into subscenes. A 
NTDB subscene, which includes several features of 
interest, is subdivided again into mini-matrices. 
Each mini-matrix contains one object, e.g. one lake. 
Some of the object’s geometric attributes (e.g. pe-
rimeter, area and invariant moments) are also com-
puted.  

In this approach, the two sources of data match-
ing are divided into 2 steps: a template matching fol-
lowed by a geometric comparison using a cost func-
tion. The first matching allows the process to find 
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the homologous objects in Radarsat images of the 
rasterized NTDB objects. The second matching en-
ables the approach to ensure adequate pairs and to 
obtain good GCPs. 

4 RESULTS

A GCP software prototype has been implemented to 
automatically identify well distributed GCPs in Ra-
darsat imagery using topographic databases for the 
“water body” category. The algorithms developed 
for each approach, the vector-based and the raster-
based, have been integrated into this software and 
user-friendly interfaces have been created. The GCP 
software works as a functionality of MS Access ®, a 
commercial database software easily accessible. A 
user manual has also been written. 

The two approaches have been applied to differ-
ent areas (forest, urban and isolated areas) with dif-
ferent size and spatial resolution. The analysis of the 
results shows that there is an obvious gain of time 
while selecting GCPs in Radarsat imagery, espe-
cially for large images where a large number of 
GCPs are needed. The selected GCPs, both for con-
trol and check points, are numerous but not always 
well distributed due to the fact that the GCP soft-
ware works only with the “water body” category for 
the moment. 

Figure 5. Application of the vector-based approach to the fine 
Radarsart image of Quebec city. The lakes with GCPs corre-
sponf to the match between image and CDAL. 

For the vector-based approach (figure 5), there are 

few problems. One of the problems is to obtain the 

binary images of the lakes from the Ungava Bay (far 

North of Quebec) Radarsat imagery. The texture 

analysis does not work properly due to the fact that 

there is still some ice on lakes. But by choosing an-

other tool, like a classification algorithm, the extrac-

tion is possible. That is one of the advantages of our 

GCP software to not have integrated a particular 

digital imaging tool for the extraction of objects for 

a certain category, but to use a binary imagery of the 

objects under consideration as an input of the soft-

ware.

Figure 6. Application of the raster-based method to the stan-
dard Radarsat image of Quebec city and the 21L14 NTDB file. 
The cross inside the lakes represent their centroid and a match-
ing with the corresponding lake in 21L14 (cross + rectangle). 
The lake in the bottom left of the image does not show any 
centroid: there is no matching found. 

For the raster-based approach (figure 6), the prin-
cipal problem is that the projection used during the 
rasterisation of the features of interest plays a very 
important role in the matching process. A change in 
the used projection leads to a deformed shape com-
pared to the corresponding shape in Radarsat im-
agery, which compromises the matching process. It 
is especially true for the lakes in the Far North of 
Quebec. 

Figure 6. Different projections for the same lake: a. NTDB and 
b. Radarsat image. 
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Another advantage of the GCP software is that 
the final choice of GCPs – number, accuracy, loca-
tion - depends on the user’s choice. 

5 CONCLUSION 

The aim of our project was to develop methods and 
software tools to automatically identify GCPs with a 
known horizontal accuracy in Radarsat images using 
a topographic database such as the national topog-
raphic database of Canada. These GCPs will be used 
to carry out several tasks, such as geometrical cor-
rections of images and multi-sources images regis-
tration. Various strategies are proposed to achieve 
these objectives so that the user will be able to 
choose the appropriate strategy according to the 
characteristics of the land, to the period of the year 
and to the resources that are available in his organi-
zation. These strategies are elaborated according to 
two matching approaches of the two data sources: 
the vector and the raster based approach. As the im-
age processing is a disjoint step of the developed 
strategies, they can be applied to other satellite data. 
One developed approach may be used in a stand-
alone manner or jointly with the other approach. 

For the moment the GCP software has been de-

veloped for the category “water body”. Methods to 

identify good quality GCPs that belong to the cate-

gory "road intersection" should be developed and be 

used jointly with the category "water body" and may 

prove to be very complementary. Future works 

should also integrate the elevation information of se-

lected GCPs in order to provide geometric corrected 

images with good horizontal and vertically precision 

and to automate orthorectification. 
Finally, the availability of such automated GCP 

selection software will allow people to use topog-
raphic databases or alignment layers (where avail-
able) to automatically apply geometric corrections to 
Radarsat images as well as other satellite images, 
and to improve the cartographic accuracy of the rec-
tified images. Thus, it will be easier to integrate the 
rectified images in spatially referenced databases. 
Moreover GCPs superabundance will ensure a better 
spatial distribution of these points and, conse-
quently, a higher cartographic accuracy for the users 
of Radarsat images. 
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