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ABSTRACT 

he aim of this paper is to present he situation of ematic 
ma p pin gin Bra z i I 5 and t 0 des c rib e t e met hod 0 I 09 i e sus edt 0 
produce image maps at INPE - The Brazi tian Institute for Space 
Res ear c h • fro m p r ma d a t a a c qUi s j ion tot he p r i n tin g 0 f 
final products. it also shows the state of cartographic 
produ ion and updati of existing maps in the last two 
decades, enphasizing the potential of the use of satel lite 
image ma as a complement to the conventional ematic 
mapping. 

1. I NTRODUCT ION 

The Ca tograp Comission - COCAR, created under Federal Law 
number 243 on February 1 came up from the evidence that 
the cartographic activities developed ndividually several 
federal or state public or privat organisms at that time 
required a high level coordination, taking the afm and basis to 
a national cart raphic policy joined to the neceSSity of the 
security and develo of the country. Such policy should 
p rima r i I Y ben e fit the e ma t j c car tog rap act i v i tie s as 
this kind of cart rap al lows the establishment of a basic 
cartographic ructure under which al I different kinds of 
mapping are s ained. 

In 1 a mac cartograp program was implemented with the 
purpose of preparing a ematic mapping of the whole national 
territory as we I as reachtng a cart raphic production level 
compatible with the international necessities and commitments 
of the naval and air navigation. 

In spite of he diff culties to accompl h and implement such a 
program, it brought a significant progress to the mapping of 
the nat; ona r terr i tory, p oven the fact that unt i I 1 7 on Iy 
44% of it was mapped, whi Ie in 1985 83% was a Irea mapped, in 
an average of almost 5% each year. The previous years would not 
eve n rea c h the a ve rag e 0 f 3% 0 a I I the ma p p e dar ea. I nth e 

working group there are federa organisms which execute 
the cartographic a ivities turned to the edition of 
topographiC, t t c or speCial maps 
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Tabl 1 - Topogra hic Mapping Situation 
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Such programs are meant to bring the country a complete and up­
to~date basic cart raphic structure which can serve the needs 
of the social and economic development of the country. 

3. SATELLITE IMAGE VIABILITY AS """"' ......... " Hie BAS IS 

Due to the cartographic coverage situation and to the 
perspectives imposed by the directrices of the National 
Cartographical Plan, it can be observed that a great volume of 

rk would be necessa to guarantee the complete coverage of 
h raz i ian t err i ory as we I I as to ma i nta in t his coverag e 

up-tO-date. But the lack of resources. the difficulties to 
access ertain regions and the unfavorable climate conditions 
t ether with the large territory to be mapped are the main 
facts which demand selective. progressive and coordinated 
actions according to a national middle and I term plan. 

he mapping activity which beforehands Just worked with the 
size of the covered area, today is directed aiming the most 
complete information able to represent the p ical and social 
reality. This new phase in the cartograp pOints to a mapping 
process using satel lite images. 

The satel lite images are an excel lent afternative for the 
braz i I ian case. The advantages are a larger cover ing area, a 
continous updating and lower costs. However. some factors 
establish restrictions in the usage of the images as basis for 

ematic mapping: the limitation imposed by the spatial 
resol ion and by the geometric internal error (table 2), the 
impossibi lity to obtain altimetric information (with exce ion 
of the SPOT satel lite) and the existence of regions with 
consta cloud cover. 

Because of these factors, the orbita I data e to 
cartographic objectives does not substitute the application of 
the aeria I photographic images: meanwhi Ie. due to the 
advantages presented. it is a very important instrument to the 
mappi works as wei I as in the systematiC map updating. This 
map uPdatjng with satel lite images can be used to detect the 
level at which a map;s outdated and also as a basis to the 
updating itself. 

However, successive advancements experimented in the Orbital 
Remote Sensing engineering and technics provided a way for new 
researches in order to make possible the color reproduction of 
cartographiC documents to enhance the most notable cartographiC 
elements such as: dra i nage ems, roads, ra i Iways and city 
boundaries. These searches involve visual analysis techniques, 
digital treatment and graphical reproduction. 

The visual analysis is necessary to define the color compOSite 
to be ado ed. The digital treatment not only al lows the 
radiometric and geometric corrections as weI I as it al lows the 
usage of the algorithms to enhance some characteristics in the 
scene. The photographic treatment is directed to eliminate the 
possible radiometric discrepancies among the three photographic 
originals which will be used in the graphic reprOduction. 



t~yin9 to gua~antee a pe~fect coto~ balance and contrast. The 
9~aphic ~ep~oductjon must avoid the loss of visual and texture 
Qua I ity of the scene, when turn ing the product from film to 
paper the printing process, in continuous or semi continuous 
tones. Table 2 presents the results the geometriC 
evaluations of the scenes generated INPE associating the 
suitable scales concerning the cartographiC standards. 

SENSOR SPATIAL GEOMETRIC SUITABLE PLAN I METRICA L 

RESOLUTION (M) PRECISION (IV! ) SCALE STANDARDS ( M) 

MSS - LANDSAT 80 BO TO 120 I: 250,000 125 

TM-LANDSAT 30 40 TO 50 I: 100,000 50 

HRV-SPOT 1142 20 * 25 UP TO 40 
MULTISPECTRAL 

I: 100,000 50 

HRV-$POT 1142 
10 * 15 UP TO PANCHROMATIC 20 I: 50,000 25 

'* EX PECTED VALUES 

Table 2 - GeometriC luation ve~sus topographic map scales 

IliAN Of IMAGE MAP 

In the early 80's INPE and OSG signed a contract for the 
development of researches attempting to generate a new 
cartographic product in Brazi I: the image map. The common 
interest between these institutions was to give aid to an 
increasing number of requests by the pa~t of the user community 
of ca~tographic products, as wei I as to investigate the 
possibi lity mappi ~egions where the access is difficUlt, 
as also the unfavorable climate conditions which maKe 

ossible a perfect ae~ophotog~ammetric cove~age. 

At this time. the ~esea~ches were focused on the appiicabi I ity 
of the MSS - l senso~ fo~ mapping in the sca Ie of 
1 : 000. ma de an 0 jon t 0 use JUs t two s pee t r a I ban d s 
(band 5 to enhance the urban limits and rai Iways and band 7 for 
the drainage netwo~k). In fact. the main function of these 
scenes was to update the planimetriC information. Fol lowing 
this methodology the image maps produced were: Rio B~anco, 
sheet SC--19-X--C (1 ). Campo Grande. sheet SF-21 (1982), 
Cristino Castro, sheet SC-23-X-A (1983), and Florian6polis, 
sheet SG- -0 (1984). 

1 



The results of these first image maps were not satisfactory 
enough to the cart raphic users community. The main problems 
were the idea of preserving the characteristics of a drawn-map. 
and the phase of graphic reproduction. where the loss in the 
visual QUality was very evident. 

However, these efforts were responsible for 
representative progress between the publication of 
image map (Rio Branco. 1982) and the fourth 
(F lor i an6po lis, 1984). 

a very 
the first 

image map 

With the launching of Landsat equipped with a new sensor, 
the Thematic Mapper (TM), researches were concentrated in the 
preparation of a product to emphasize the information in the 
scene. The 3 ) color compOSite was chosen after 
testing twenty different ones. 

AS river traces, roads, and urban limits sha I' be natura Ily 
enhanced through digital proceSSing, they were not printed over 
the CO lor compos ite. as we II as the toponymy. In 1986, the 
fol lowing image maps were edited: Campina do Norte, sheet SB-
19-V-A-1 I I, Ben mim Constant, sheet 8B-1 -1, Santiago, 
sheet SH-21-X-D and Vi lhena,sheet S 

Since 1987 COCAR has been coordinating a working group to deal 
with these imagea maps. The objectives of the group were 
concentrated on researches about the selection of the necessary 
bands for the color compOSite. and about graphic reproduction 
as an alternative to semi-tone and continuous tone printing 
processes. Invest igat ions about dig ita I data treatment were 
conducted looking for image enhancements and noise elimination. 
Figure 1 shows the image map generation process flow. 

The first result obtained by the group was the edition of the 
image Barbacena, sheet SF , in 198 using a 5,3,2 TM 
color compOSite. This image map brought a very representative 
advancement to the other maps already printed. The image map 
Lavras. sheet SF -I, wi II be edited this year l using a TM 

4,2 color compOSite. 
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Figur-e 1: Image Map Gener-at ion Flow. 
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INPE has b en rec ivi and 
recor ng y SPOT images, which are acquired 

ntenna instal led in Cuiab~, Mato within the range 
Grosso stat e. his rec station al lows fuf I coverage of 
Braz i I and most of Sout h Ame i 
shipped to Cachoeira Pau ista. 
processing laboratories convert 
products t or computer compat i b Ie 

Tapes recorded at Cuiaba are 
o Pau 10 stateD where the 

them into photographic final 
tapes (CCTs) 

scenes 
is viable 
images i 
concerning 

It ed arding he. area to be ma ped, 
maps i 1: 000 or bigger, one or two 

dJacent orb ar n cessary for ful I coverage. his 
due to t e possibi I ity of a long track shift ing he 
relation t he WRS rid. The search is done 
he date overing and the data Quali y 

__ ~......;;.....;--...;;........... _____ z.... In this phase, em radiometric 
execut ed. I f a mosa i cis needed. 

cording to the same orientation of 

~~~~~: The objective is to select, 
among several i t e best color compOSite to 
represent the area to be mapped. It can be used a 
multispectral proJector MSP-4 from Carl Zeiss Jena, a digital 
display Comtal ViSion-One, or even photographiC fi Ims, where 
the bands are associated to the three elementary colors. 

rt is generally aimed to the applica ion of 
o enhance some characteristics of the image, 

or even the scene as a whole, and also to the application of 
spectral rotation algorithms: principal components and HS--RGB 
transformations. The IHS--RGB transformation is being used as 
a tool Which enables a perfect balance of cotors (working in 
the hue and saturation components) without loosing the contrast 
Qua I ity (reinforced the intenSity component). Another 
application which is under stu is the register among 
multispectral scenes, as for example: mUltispectral bands of 
TM-LANDSAT or HRV-SPOT with the panchromatiC band of the HRV-

OT sensor. 

--- : This step i responsibl for the combination of two 
a acent corrected images covering a region of 1.52 x 1.02 
corresponding to a map in the sea Ie of 1: 000. The 
displacement error between the scenes is observed through a 
visual appliance. when the overlapping region of the scenes s 
defined. The histograms of this region wi II be used to 
equalize radiometrically the scenes. BeSides, corresponding 
pixels with least differences between gray levels are chosen, 
spreading this difference in the neighborhood around them. 
This procedure tends to diminish the radiometric difference 
bet wee nth e a d J ace n t i ma g e s » as w i I I as t 0 dis 9 u j set hem 0 S a i c 
line. 
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