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1. INTRODUCTION  
 
 Brazilian Amazon has an area of 5.2 million of square kilometers, but only half of it 
is detailed in a scale bigger than 1:250,000. 
 The Amazon region has all been a great challenge for mapping due to the 
following factors: large territorial extension, difficulty in reaching some points, the dense 
tropical forest layer that covers the region, the constant presence of rains and adverse 
weather conditions which sometimes prevent the terrain operations and the traditional 
methods of aerophotogrametric recovering as well as the imaging by optical satellites. 
 Because of the above cited, together with the technical-economical unworkability 
of the cartographic operations through the technological resources up until recently, the 
region's mapping is constituted in the following manner: preliminary maps (planimetric) 
and Image-maps in the 1:250,000 scale, based in the images from the optical satellite 
LANDSAT or the former RADAM Project (Radar in Amazon) from the 70's, 
complemented by some information gathered directly from the terrain in the 
"cartographic vacuum", and the incipient and outdated Topographic Maps 
(planialtimetrics) in the 1:100,000 scale as shown in the _ Chart, containing the 
representation of the land features in dense forest areas at the canopy of trees level 
and not at the earth level, as required. 
 The Brazilian Army Geographical Service (DSG) has worked in the past ten years 
to find technical and financial solutions to the deficient situation of the available mapping 
of the Legal Amazon region. Two lines of action were defined and conducted 
simultaneously. The first action pursues a new mapping with suitable technology to 
solve the limitations imposed by the weather conditions and by the dense forest. The 
second action explore the conversion of the existing analogical mapping to the digital 
vectorial mode, with continued features to be used in Geographical Information Systems 
(GIS), updated by satellite images and other sources. 
 The first line of action brought a technological solution identified as able to 
overcome the difficulty related to the constant presence of clouds in the Amazon region 
is the usage of Synthetic Aperture Radars (SAR), either orbitals or aerial transported. In 
general, such sensors have the following advantages over the optical sensors: 
independency from the sun as an illumination source for the targets and the ability to 
operate over the cloudy atmospheric layers, thus allowing the imaging and the acquiring 
of the land topography even under not favourable weather conditions, through the SAR 
interferometric technique to obtain the mathematical representation of the tridimensional 
spatial distribution of the altitude variations at the trees canopy, which is called Digital 
Surface Model (DSM), or at ground level - called Digital Terrain Model (DTM). 



 Nowadays, there are various orbital SAR sensors that act on the "X", "L" and "C" 
bands. We can cite, amongst others the RADARSAT 1/2 (Canada), the ALOS (Japan), 
the TerraSAR (Germany) and the ENVISAT (Europe). Furthermore, there ate aerial 
transported sensors, in the "X", "L", "S" and/or "P" bands. In this context, radar data 
have been used in topographic mapping projects and ground cover in global or regional 
scale, mainly in rainy tropical forest regions where obtaining data from optical sensors is 
hindered by the great amount of clouds. 
 The technical-financial feasibility of a topographic mapping in an extensive region 
of dense equatorial forest, such as the Brazilian Amazon, with low human density and 
incipient water channels - which are, in some cases the only acces way - demands 
other technologies being implemented to the radar sensors. Thus, in order to use the 
radars in the topographic mapping it's primordial that these sensors are integrated to 
geopositioning and inertial navigation systems that enable the exact position of the 
terrain, without the need for the determination of support points and only with the 
determination of a reduced amount of control points determined directly on the terrain. 
The field fase is critical and the number of points to be determined in a terrain will 
influence the execution deadlines and the total cost of the mapping project.  
 In the case of topographic mapping of dense forest, the "P" band radar (72 cm 
wave length) allows the penetration on the forest's canopy and the interaction of the 
wave with the terrain surface, thus generating information of the existent features at 
ground level of the dense tropical forest. In regions with less dense vegetation, such as 
the deforested areas, cultivation areas, pastures, etc., radars can be used within other 
wave lengths, such as "L" band (23 cm), "C" band (5.6 cm) and "X" band (3 cm). The 
usage of radar sensors in the "X" band enables the extraction of information at the 
canopy's level because of the impossibility of entering into the canopy. Therefore, the 
combination of SAR data from the "X" and "P" bands allows the knowledge about the 
heights from ground to the canopy levels. 
 By what was said above, the integration of technologies of aerial transported SAR 
sensors in the "X" and "P" bands with the inertial navigation and the geopositioning 
makes the Amazon topographic mapping viable. The choice for the use of aerial 
transported radar sensors, and not the orbital radar sensors, to generate the mapping of 
the Amazon is due to the following features: technical difficulties, there is not an orbital 
platform with a "P" band radar sensor; the orbital radar sensors platforms that are 
operating today do not have an accurate geopositioning system of the collected data, 
thus they need a large amount of support points to be marked on the terrain so that the 
planialtimetric information with the exact position compatible with the biggest precision 
of mapping that is required. The consequence of these technological limitations is that 
the radars do not allow the acquirement of information at ground level in dense forest 
regions and the final cost, considering the images and the field work, is bigger when 
compared to the aerial transported radars. 

The results achieved in tests of the SAR technology in the "P" and "X" bands, joined 
with the importance of the topographic mapping of the Amazonian region, motivated the 
DSG in discussing with the Ministry of Defense (MD), and later with the Institutional 
Security Cabinet (GSI) and the Managing and Operational Centre for the Amazon 
Protection System (CENSIPAM), the creation of a joint project to map the Amazon. 



The common interest in the Amazon mapping shown by DSG, GSI, CENSIPAM, 
Brazilian Air Force (FAB), Hydrography and Navigation Directorate of the Brazilian Navy 
(DHN) and the Brazilian Geological Service (CPRM) culminated in the signing of a 
Technical Cooperation Agreement among the interested parties, aiming at the 
conclusion of the project called "Implementation of the Amazonian Cartographic 
System". The cited project is composed of 3 (three) subprojects: Terrestrial 
Cartography, to be executed by the DSG support by FAB; Geological Cartography, to 
be executed by the CPRM; and Nautical Cartography, to be executed by DHN. 

The approved project contemplates the production of terrestrial, geological and 
nautical geoinformation of 1.8 million of km2 (figure 1). Besides the information planned 
in the conventional mapping, a vegetal stratification of the features that compose the 
different forestal physiognomies will be produced. These physiognomies are: natural 
dense rain forest, dense rain forest with selective exploitation, secondary forest with 
different stages of regeneration, secondary succession, alluvial forest, campinarama, 
cerrado (Brazilian savana) and fields/pastures. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 – 1:100.000 – scale map to be executed by the DSG in the Terrestrial 
Cartography Subproject. 

 
The final product, and the orthorectified images, will be part of a continuous digital 

geoinformation base to be incorporated into the Brazilian Geographical Information 



System (SIG-Brazil), with geospatial archives structures in the basic and thematic 
categories, and validated to be used in Geographical Information Systems which will 
enable the crossing of various levels of information for consultation, spatial analyses 
and the generation of cartograms and maps for diverse goals, both for civil and military 
applications.  

The project has a strategic dimension and its joint execution will provide the 
deepening on the knowledge of the Brazilian Amazon, through the most complete 
collection of data obtained, which are highlighted, amongst others, the ellaboration of 
the Economical and Ecological Zoning, Environmental Impact Reports, mapping of the 
fauna and flora, mineral resources researches, studies to the implementation of large 
private and governmental infrastructure projects (roads, railroads, gas ducts and 
hydroelectric plants), demarcation of areas for settlements, agribusiness, territorial 
ordering, territorial security, production distribution and regional development. Adequate 
instruments will be available for the civil society as well as the executive powers. 

As a result of the second line of action and of the Environment Ministry (MMA) 
interest in having the Amazon cartography in the continuous vectorial digital format, a 
Cooperation Agreement was signed by the MMA and the Brazilian Army to the creation 
of a digital, continuous cartographic base of the Legal Amazon which will be executed 
by the DSG. The cited Cooperation Agreement aims at generating geographical 
information compatible with the 1:100,000 scale corresponding to an area of 980 
thousand km2 in the cartographic vacuum area and the updating of the planimetric 
features of an area of 2.14 million km2 using the CBERS images and image mosaics 
from the Geocover 2000 series, generated by LANDSAT images. The object of the cited 
Cooperation Agreement is a preliminary solution to obtaining the updated geospatial 
data of the cartographic vacuum of the Amazonian region. However, it does not 
completely fulfill the demand for geographical information, in terms of resolution and 
quality, of the terrain because of the technological limitations of the sensor systems 
employed, specially in reference to altimetry. The MMA's request that the geographical 
information base were continuous and according to a defined standard motivated the 
authorities assigned to prepare the national mapping to join efforts towards developing 
a geospatial data infrastructure to answer that Ministry's demands and those of other 
national bodies. 

The implementation of the Spatial Data National Infrastructure (INDE), has been 
coordinated by the National Cartographic Commission (CONCAR) and the 
geoinformation produced in the cooperation will follow the norms of the Spatial Data 
National Infrastructure (INDE). These rules warrant the ability of interoperation of the 
geographical information, despite the producer of the geoinformation. The DSG, being 
the coordinator of CONCAR's committee that establishes the standard of the geospatial 
data structure, performed, together with other bodies of the National Cartographic 
System, the modeling of the geospatial data, aiming to create the Vectorial Geospatial 
Data Structure (EDGV), the standard data structure of the INDE. 
 This article will present a reflexion of this group regarding the development of the 
data modeling work in the conceptual and logic levels, through the description of the 
EDGV modeling experience and the norms developed for this structure which will be 
used in the projects to produce the Amazon geoinformation. 
 



2. SPATIAL DATA NATIONAL INFRASTRUCTURE (INDE) 
  
 Viewed in its concept, a Spatial Data National Infrastructure (INDE) must include 
policies, standards, technologies and human resources necessary to acquire, process, 
store, distribute and improve the use of geospatial data. 
 The rules must regulate all aspects pertaining to an INDE, and one of its key 
aspects is the ability to interoperate. When one analyses geospatial data under this 
viewpoint, it is natural to believe the existence of a norm that determines the usage of a 
specific technique to produce a standardized geospatial data. 
 The elaboration of such specification, attributed to the National Cartographic 
Commission (CONCAR), initiated with the creation of an abstraction of the Brazilian 
geographical space, regarding the adequate level of detail in a systematic cartography 
base. This abstraction was made according to the technology oriented to objects. 
According to the studies, the conceptual modeling that best reflects these geospatial 
data is the OMT-G1. The next step refers to the documentation according to what is 
recommended in the UML 2.02, and its complementary source of information is the 
elaboration of a data dictionary.  
 
 
2.1. INDE's GEOGRAPHIC DATA MODELING 
  
 The data model represents a vision of the objects and phenomena which will be 
presented in a databank system. These real objects and phenomena, too complex to 
allow a complete representation, are abstracted in a way to provide a convenient, 
simplified representation that is suitable to the purposes of the application of the 
databank. (Borges et al, 2005 In: Casanova et al, 2005). 
 
2.1.1 ASSESSMENT OF THE REQUIREMENTS 
  
 The assessment of requirements step from the geospatial data users constitutes 
creating the conceptual representation level, where the reality is abstracted according to 
the users perception. Requirements are objectives or restrictions established by users 
and clients who define the many properties system. 
 Technical meetings took place, these were attended by analysts, clients and 
users, aimed to assess the requirements, that is, information, description of the actual 
problems and future goals. The existing models of geospatial data were criticized and 
validated, so that there would be a discussion in order to generate a conceptual model 
that shows the visions of the participant users. 
 Modeling of geographical data in a national level requires the cutting of them into 
interest themes, which can be called information categories. These categories are 
information layers. In order to create a structure of vectorial geospatial data of the 

                                                 
1 The OMT-G model is based in classes, relationships and restrictions of spatial integrity. This model 
comes from the definitions of the UML class diagram. 
 
2 Universal Modeling Language. 



Brazilian Geographical Space (BGS), the CONCAR structured the geographical 
information categories according to the following chart (figure 2): 
 
 
 
 
 
 
 
 
 
 

Fig. 2- Geographical Information Categories of the BGS (CONCAR, 2007). 
 

2.1.2  MODEL OF CLASSES OF OBJECTS 
  
 The diagram of classes is a model that describes the structure and content of a 
geographic databank and contains databank structure specific elements, specially the 
classes of objects and their relationships. 
 In the OMT-G there is a possibility of foreseeing the net models, which are of 
major importance because it allows the introduction of topological relations of 
connectiveness, adjacency and intersection. Some examples of nets are: draining, 
transport subsystem (roads, rails, ducts, waterway, airport), electrical energy, etc. 
 In the figure 3, we can see and example of classes of objects in OMT-G, with the 
indication of the draining net in the Hydrography category. This CONCAR's modeling, 
specifically, was inserted in a CASE tool for UML 2.0 models. 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
Fig. 3- Diagram of the Hydrography Category Classes (CONCAR, 2007) 

 
 
 



2.1.3 PRESENTING DIAGRAM AND THE CARTOGRAPHIC REPRESENTATION 
 
The presenting diagram is a model that describes the alternatives to 

presentations defined by the users' requirements and exit for each class of objects 
(Borges et al, 2005 In: Casanova et al 2005).  

Generally, the graphical presentation of a class is linked to a cartographic 
representation standard, either basic or theme oriented. In the case of the basic 
reference mapping, the cartographic representations are foreseen and ruled in the 
Cartographic Conventions Technical Manual T-34 700 (DSG, 2002), of DSG, for the 
1:25,000 to 1:250,000 scales. This model introduces some logic operations that can be 
triggered by the interactions between the classes in accordance to their visualization 
scale, as it is demonstrated in figure 4. 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 4 - One of the presentation diagrams of the Hydrography Category (DSG, 

2002). 
 
 

2.1.4 BUILDERS OF OBJECT GEOMETRY 
 

 DSG, acting as the geographical information producer for the scales of reference 
mapping, establishes the rules to geospatial data acquisition.  This organ created a 
technical specification called "Technical Specification to Vectorial Geospatial Data 
Acquisition" (ET-ADGV) with the objective of orientating the operators of this production 
phase in acquiring data as it is established in the conceptual models defined by 
CONCAR. This specification, commonly called Builders of Object Geometry (BOG), is 
part of a document that outlines the rules to building the geometry attributes of each 
class of object pertaining to the EGB modelling in its many geographical information 
categories. It reflects the way in which the object classes were modelled and their 



spatial relationships. This orientation will be incorporated into the Cartographic 
Conventions Manual T-34 700. 

In the figure 5 there's an extract of ADGV which specifically shows the rule for 
building the waterway object class geometry. 

 

 
Fig. 5 – Example of a rule to geometry building (DSG, 2008) 

 
 

3. INDE AND DSG's NORMS TO GEOSPATIAL DATA PRODUCTION 
 

Because of the increasing demand for geospatial information by the current 
society, it's fundamental that the geospatial data are generated according to technical 
standards and specification that warrant the sharing, the interoperability and the 
divulging of these data. 

To fulfill this need, the CONCAR constituted Specialized Committees to create 
proposals to support the INDE in Brazil. 

The "Technical Specification to Vectorial Geospatial Data Acquisition" (ET-ADGV), 
a part of the cartographic data structuring of the Terrestrial Systematic Mapping, focus 
on the vectorial data structuring previously presented and is being used in the Amazon 
geoinformation production projects. 

ET-ADGV, cited above, will guarantee that all geospatial information acquisition be 
done in accord to the spatial and topological rules set in the data modelling. 

These specifications and resulting work methodology will warrant that the 
geospatial information produced are interoperable and standardized according to the 
INDE. 

 
4. FINAL CONSIDERATIONS 

 
The current projects being executed for the Amazon geoinformation production 

were the major motivation for the creation of the INDE. All geodata is produced in 
accord to the ET-EDGV and ET-ADGV technical specifications, thus the geospatial 
information will be interoperable and integral to the INDE. The structuring and usage 
proposal of a INDE is based on the principle of system cooperation, the possibility of 
incorporating multiproducers in the geoinformation production, the free access to the 

Classe Código Primitiva_geométrica 

CURSO_DAGUA 1.02 C 
Situação Método de Confecção Ilustração 

Geral 

 
A Regra Geral de construção da geometria das instâncias da 
classe de objetos CURSO_DAGUA será: 
1) Agregação total das geometrias das instâncias da classe 
TRECHO_ CURSO_DAGUA (TRECHO_DE_DRENAGEM – 
linha e/ou TRECHO_MASSA_DAGUA – polígono); e 
 
Atributos Obrigatórios : 
geometriaAproximada = “Definida” ou” Aproximada“ 
Relacionamentos: 

- vide BACIA_HIDROGRAFICA. 

 
 
 
 
 
 
 
 
 
 
 
 



geographical information and the interoperability. Since nowadays the potential to 
sharing these information has not been used in its fullness, there is the need to create 
standards to the interchange of data and their use in the projects that use 
geoinformation. 

To obtain the structural interoperability, it is necessary to create data models 
which will serve as sharing standard. This work has focused in specific stages to reach 
structural interoperability, more specifically those concerned to the geographical data 
modelling. 
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