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The city of Rio de Janeiro, Brazil, has one of the richest iconography and cartography, which demonstrates its urban evolution, from the origins of the Franc-Portuguese occupation. The maps describing the city space were elaborated since the beginning of the occupation, allowing seeing a structured and unequivocal way of its evolution. 


The urban evolution of the City is defined by a continuous sequence of works, landfills, dismount of hills and zonings, that few other metropolises in the world might have associated. Through the study of its contours, surroundings, land use and space occupation, it is possible to show that the city can be classified as one of the cities that had suffered more changes of the urban space. 


The aim of this paper is to show the research of this urban evolution, supported by cartography, during the period defined among the 17th century and middles of 20th century. 

The methodology applied to the research consists of identification of common control points, existent in old maps and still today identified, with coordinates and measures in current projection and coordinate system. The city historical center allows the identification of those points, whose coordinates were measured by DGPS. 


The historical maps digital conversion allows establishing maps in raster and vectorial form. The association and adjustments are done through the control points, by affine and polynomials transformations. In that way, it is created an association between the historical map and the present coordinate and projection system (georeference). Thus, maps of past time are linked to the current time. 


Those maps created by the explained methodology, establishes a comparative structure among the periods, and it is possible the visualization under a unique cartographic structure, of the area evolution. 

To develop the research, old maps were selected, mainly from 17th, 18th and 19th centuries, once previous maps just supplied iconographical information. The old maps belonging to National Historical Archive, Army Historical Archive and Library of Itamaraty Palace, served as the historical cartographic base to the research. 


As a preliminary result, the first ten maps sequence submitted to the applied methodology will be presented. 
1 - INTRODUCTION 


The Cartography and iconography of Rio de Janeiro City is one of the richest of all Brazilian cities. Inside Guanabara Bay, even before its foundation, in 1565, there were some detailed cartographic representations of its surrounds. Chronologically, it is possible to identify the current Guanabara Bay, since the beginning of century XVI, when in January 1st, 1502, it was the area discovered. It is identified in the Planesphere of Vesconte de Maggiolo, 1504. Guanabara Bay was always a perceptible reentrance and always marked, since 1500, with the map of Juan de la Cosa, first map to show the Brazilian coast, in 1502, with Cantino and Nicolau de Caverio Planespheres respectively the first map elaborated by the Portuguese cartography to present the new discovered lands and the first to show Vera Cruz's name Earth. The Planesphere of Kunstmann III, 1506 is the first to present the geographical name Cabo Frio. In 1512, Jerônimo Marini's planesphere presented the name Brazil by the first time, and in 1513, the Turkish World map of Piri-Reis references the Guanabara Bay, as a discovered river in the month of January, identifying it as the name Sano Sanyero. The Atlas Miller, through the map TERRA BRASILIS, attributed to Lopo Homem, displays a very defined contour for the area, identified for R. de Janyero, in 1519, being the first map to present this geographical name and its geographical gender as a bay. 


Until approximately 1550, several cartographic documents presented the name Guanabara, continuing to show coarse mistakes relating to its geometry, however it was at this time fixed the name Rio de Janeiro. The second half of XVI century was marked by invasion attempts and colonization on the part of French. The expedition of Nicolau Durand of Villegaignon, in 1555, founded the França Antártica. Only in 1564, with the expedition of Estácio of Sá, nephew of the General Governor Mem de Sá, were initiate the combats against French invaders. He had orders to fortify and to establish settlements in the area.


The city of Rio de Janeiro was founded on March 1st, 1565, between the hills Cara de Cão and Pão de Açucar and moving away the french to the interior of Bay of Rio de Janeiro. Only in 1567 it was the combats finished, assuring the Portuguese domain, 


From França Antártica some specialized maps of the area were made, due to André Thevet, Jacques of Vauix ,de Claye and Luís Teixeira, beginning a lineage of Portuguese cartographers. 
The map of Luís of Teixeira, 1586, was considered the first specialized Portuguese map, representing the beginning of city occupation, starting from Morro do Castelo and São Bento and the occupation of low land areas, in direction to São Cristóvão. Several geographical names are registered, some of them until today are known, however with inverted geographical positions. 


Cartography of XVI century was characterized as eminently qualitative and defined by maps drawn as schematic sketches. 


XVII century finds the city as a small settlement around the hill of Morro do Castelo, however through the economical impulse given by the sugar agriculture, Rio de Janeiro expands in importance, beginning its characterization as one of the largest commercial centers of Brazil. The cartography however continues defined by qualitative schematic form, however already presenting the expansion of space knowledge, as it can be appreciated in João's Teixeira Albernaz I maps, from 1626 and 1627. 


The cartographic evolution in the half of XVII century, already presents, in spite of the still largely qualitative aspect, a tendency to an orthogonal representation, as it can be seen by João's Teixeira Albernaz I map. In 1666, João Teixeira Albernaz II elaborated an Atlas, called  the Book of the whole Coast of Santa Cruz's Province, composed of 31 maps, showing “Appearances” and “Demonstrations.” The Appearance of Rio de Janeiro is one of the beautiful pieces of this Atlas, which in spite of presenting the Bay of Rio de Janeiro with an incorrect geometry, it shows the occupation of the city in a corrected way 

2 – 18th CENTURY CARTOGRAPHY 


Rio de Janeiro at this time was already an urban center of regional importance during almost the whole XVII century, and presented a notable economical growth, mainly due to the mining in the Colony, in Minas Gerais. The opening of a new road (Estrada Real), substituting the old one from São Paulo, increases the port movement. 


From 1730, the City begins a physical and demographical expansion, together with the economical growth. Relating to Cartography, this century had the beginning of scientific cartography, where through the use of positioning astronomy and topography, the mapping of the geometric features are quite close of the one that one knows today. At the same way it was used orthogonal projections to mapping. 


Some examples can be given by Plain de La Baye et du Port du Rio de Janeiro, 1730-1751, of de Arés de Manneville. The topographical, astronomical and batimetrics were done in 1730 and proven in 1751. This map was one of the most important, done as a navigation map of the bay, with batimetric data of the port and harbors. It presents a widespread vision of the city and its delimitation by the projected defense wall. 


The 1750, Carta Topographica of the City of São Sebastião of Rio de Janeiro is one of the most interesting documents for the study of the city development, until the second half of the century. All forts and fortresses are showed, as well as the principal public buildings, wharfs, the city defense wall and the Carioca's Arches (Lapa aqueduct). 44 locations are stand out, 15 of them today still exists.  

With the same importance is the Plan of the City of Rio de Janeiro, Capital of the State of Brazil, containing all information on the city fortification project, from Vallonguinho to Santa Luzia's Beach. It included the defense redoubts on close hills and a surrounding ditch, which would be flooded with sea water. This map was designed in 1769/1770 and it is very clear the city situation, established among four elevations that dominate the area: Morro do Castelo, São Bento, Morro da Conceição, Morro de Santo Antônio. Only Morro de São Bento and Conceição just stay intact. Morro do Castelo was entirely dismounted and Morro de Santo Antonio was partially. 


In all those maps, can be verified, in each title, occurs the words plan and topographica, showing the processes to map construction. 


Still excellent are some documents portraying the city in XVIII century, as the Forts' Plans and Fortresses, allowing to verify the strong influence of military fortifications had in the city development and occupation, transforming it in a safe area for trade and ships. 


The Map of the Fortresses, of 1794, allows the vision of the whole fortified city area, location of each batteries, cannons, shot angles and reach. This map was a compilation of all plans and executed by order of Rezende's Conde, Vice Roy of the State of Brazil. 


In this period the main city changing were caused by constructions and fortifications increases, with the hills and lowlands occupation surroundings of the populated area. 

3 – 19th CENTURY CARTOGRAPHY 


One of the greatest agents motivating the changing happened soon to the century beginning, when occurred the transfer of the Portuguese Court to Rio de Janeiro, in 1808, by the opening of the ports and trade with the friend’s nations. In 1807, for instance, 778 ships entered in the bay, being just one foreigner. In 1811 they were about 5000 ships, of all flags and origins. 


The city expands mainly to north, in direction to Gamboa and São Cristóvão, where settles the royal family, on Quinta da Boa Vista. 


Due to the enormous growth of the marine movement, the coast line began to be altered with the improvement and construction of wharfs, along Vallonguinho area, with ramps and stairways for access and discharge of the ships. Practically the whole port area is altered. Several projects are elaborated and the main alterations consist of the landfills between Morro de São Bento and Ponta do Calabouço, in the first half of the century. In the second half, occurred the construction of the wharfs along Vallonguinho, as well as around Morro de  São Bento. 


The city expands also to west, to Flamengo and Botafogo. The current historical center of Rio de Janeiro is already defined. Practically the whole street urban system will be maintained almost unaffected. 


The expansion arrives to the Hill and Flooding of Pedro Dias, close to current Praça Tiradentes. The disassembling of Morro do Castelo is drifted, once the urban studies point to  the hill dismounting and landfills in order to attempt for the city expansion. With the Morro do Castelo disassembling, the oldest part of the city will be destroyed, like Fortaleza do Castelo, Convento of the Jesuitas, School of Jesuits and Astronomical Observatory. The Morro Pedro Dias is also foreseen for disassembling. Wharfs  along Ilha das Cobras is also enlarged, where is already located the Navy Arsenal. 
4 – 20 th CENTURY CARTOGRAPHY 


This period comes to have largest changing to the city. Four great periods can be considered, each one with different aspects: 


- Pereira Passos Reform–1903 - 1905; 


- Carlos Sampaio Reform–1920 -1922; 


- Henrique Dodsworth Reform–1944–1946 and 


- Carlos Lacerda Reform–1957–1960. 

At Pereira Passos reform happened following transformations: landfills along the whole area of Vallonguinho; opening of Central Avenue (Rio Branco); urbanization of the south border, construction of Av. Beira Mar; landfill around Morro da Glória and dismount of Morro José Dias, landfill of the flooding around the hill. 


Relating to Carlos Sampaio reform, it happened the urbanization of the new wharf of the port, with the landfill of the Saco da Gamboa, dismount of Morro do Castelo;landfill of Ponta do Calabouço and the connection of Fiscal Island with Ilha das cobras. 


With Henrique Dodsworth were important the opening of Av President Vargas and urbanization of Canal do Mangue and the complementation of Ponta do Calabouço landfill, culminating with the construction of Santos Dumont Airport. 


In Carlos Lacerda government, the city assumes its final form in this area. They are complemented by Flamengo landfill, construction of Marina da Gloria and Santos Dumont Airport. Villegaignon Island is also linked to the continent. 

5– METHODOLOGY AND COMPARATIVE STUDIES 


To develop the studies about the Historical Center evolution of City of Rio de Janeiro, some phases was defined, allowing to reach the proposed objectives. The defined phases are the following ones: 

a- Historical-geographical-cartographic researches, identifying the temporal aspect, historical, with the evolution of the occupation, characterized by the cartographic representations of each time. 

b– Identification in site and in current maps, of historical places, monuments, buildings, which are present in all maps, current and historical. Obtaining of GPS (Ground Positioning System) coordinates by differential process (DGPS), and through cadastral and topographical maps, to check coordinates, as well as control points definition for coordinates systems transformations. 

c– Digital changing of historical documents and vector transformation, identifying control points, in a drawing coordinate system  (0,0). 

d– Historical documents transformation, using selected control points, for transformations polynomial and affine, matching it to coordinates system of current maps. 

e– Topological creation and definition of changing maps, referring to the area evolution. Maps of difference will be generated, urban occupation evolution, evolution of urban street mesh, digital elevation models and others that are possible, to reach the proposed objectives. 


Among the historical maps, 29 were selected, allowing the profile definition of historical evolution, antropic occupation and changing of local landscape. Except for the current maps (1999-2004), all vector, all the others went by the raster and vector transformation process defined for the study. 

5.1–Methodology of Analysis 


The identification of possible historical places, to serve as support, determined 12 (twelve) points, with confirmed location in all defined maps for the study. An auxiliary relationship of other 40 points, not belonging to all maps, allows a supplementary support for some maps. 


The current maps are in UTM projection and SAD 69geodesic system. Both systems were chosen for the study, to avoid more one transformation for Brazilian current geodesic system (SIRGAS 2000). 


All points were located and identified on 2004 series maps. Each coordinate was acquired from the map, which restitution scale is 1: 10 000, and through differential GPS. The Brazilian Net of Continuous Monitoring was defined as master station, so it was possible to track 4 simultaneous of  points. The mean error of GPS tracking was ± 3 cm. 


The GPS coordinates were checked with the coordinates acquired on maps, just for a quality check, having been a maximum error of 0, 94 m in E and 0,88 m in N, as well as a vector of maximum displacement of 1,34 m, below the tolerance of the graphic error for the scale 1: 10 000. 


For the historical maps adjustment, it was chosen a group of points which all of them were completely determined in all maps, assuring that the control would be applied equally in all of them. Additional controls can be applied after this adjustment, for a process refinement. It was not considered for the historical maps, the existence of projection and geodetic systems. 


The adjustment was made through the application of affine, isogonal and second order polynomial transformations. Due to the small amount of existent control points, it was not still possible to establish which method is more efficient. 

6–CONCLUSIONS 


The project is still in progress, having been concluded until the moment, the application of the methodology to 5 of the selected maps. 


The results obtained indicate an effective process, to anyone used adjustment method. To each map, was selected a group of 10 others points, verifying the quality of the transformations, face to the current map. The largest differences occurred evidently in the areas without any controls, with a maximum displacement value of 6,8 m. In the control area, the displacements were between 0,9 and 2,2 m, therefore compatible with mapping scale. 


The aim of the project, at your end, besides showing the geographical-historical evolutionary aspect, allowing also, to appreciate the evolution of the cartographic mapping precision along the centuries XVIII, XIX and XX, compared with the current mapping. 
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