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ABSTRACT

The Brazilian urbanization process produced a complex
urban space, with a variety of urban land use and cover as
a result. The study of these forms through a classification
system is essential, but most current systems don’t capture
this complexity, condensing it. Urban forms are difficult
to distinguish and classify, resulting in the need for a
system with a high degree of detail, for a more accurate
urban planning. The objective of this work is to propose a
classification system for urban land use and cover, which
can demonstrate the multiplicities through remote sensing,
using data from CBERS 04A satellite. The methodology
surveys the visual elements of remote sensing images,
through visual interpretation, relating them to each
proposed use and cover class. With this, a classification
system was developed that covers the urban space in 17
classes, being an effective way to raise information about
the different urban forms.

KEYWORDS: CBERS 04A, Land use and land cover classification, Urban
space, Remote sensing.

RESUMEN

El proceso de urbanizacién brasilefio ha generado un espacio
urbano complejo, con una variedad de usos y coberturas del
suelourbano. Elestudio de estas formas através de unsistema
de clasificacién es esencial, pero la mayoria de los sistemas
actuales no capturan esta complejidad, condensdndola. Las
formas urbanas son dificiles de distinguir y clasificar, lo que
resulta en la necesidad de un sistema con un alto grado de
detalle para una planificacién urbana mds precisa. El objetivo
de este trabajo es proponer un sistema de clasificacién para
el uso y cobertura del suelo urbano que pueda demostrar
las multiplicidades a través de la teledeteccidn, utilizando
datos del satélite CBERS 04A. La metodologia analiza los
elementos visuales de las imdgenes de teledeteccién a través
de la interpretacién visual, relaciondndolos con cada clase
propuesta de uso y cobertura. Con esto, se desarrollé un
sistema de clasificacién que abarca el espacio urbano en 17
clases, siendo una forma efectiva de recopilar informacién
sobre las diferentes formas urbanas.

PALABRAS CLAVE: CBERS 04A, Clasificacion de cobertura y uso del
suelo, Espacio urbano, Teledeteccion.
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Mapeamento do uso e ocupagao da
terra urbana: proposta de um sistema de
classificagao com sensoriamento remoto

RESUMO

O processo de urbanizacio brasileira produziu um espaco
urbano complexo, com diversidade de uso e ocupagdo da
terra. O estudo dessas formas comum sistema de classificagdo
é essencial, mas a maioria dos sistemas atuais nio captura
essa complexidade, condensando-a. As formas urbanas
tém dificil classificacdo, demandando um sistema com alto
grau de detalhamento, para um planejamento urbano mais
preciso. O objetivo deste trabalho é propor um sistema de
classificagdo de uso e ocupagdo da terra urbana capaz de
demonstrar as multiplicidades com sensoriamento remoto,
utilizando dados do satélite CBERS 04A. A metodologia
consiste no levantamento dos elementos visuais das imagens
de sensoriamento remoto, por meio da interpretacio visual,
relacionando-os a cada classe proposta de uso e ocupagio.
Com isso, foi desenvolvido um sistema de classificagdo que
abrange o espago urbano em 17 classes, sendo uma forma
eficaz de levantar informacdes sobre as diferentes formas
urbanas.

PALAVRAS-CHAVE: CBERS 04A, Classificagao de uso e ocupagao da
terra, Espago urbano, Sensoriamento remoto.

Cartographie de l'occupation et de I'utilisation
des terres urbaines: proposition d'un systéme
de classification avec télédétection

RESUME

Le processus d'urbanisation brésilien a produit un espace
urbain complexe, avec une variété d'utilisations et de
couvertures des sols urbains en résultat. I'étude de ces
formes a travers un systéme de classification est essentielle,
mais la plupart des systémes actuels ne capturent pas
cette complexité, la condensant. Les formes urbaines sont
difficiles a distinguer et a classer, ce qui nécessite un systeme
avec un degré élevé de détail pour une planification urbaine

plus précise. L'objectif de ce travail est de proposer un
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systéme de classification pour l'utilisation et la couverture
des sols urbains qui puisse démontrer les multiplicités par
télédétection, en utilisant des données du satellite CBERS
04A.Laméthodologie analyse les éléments visuels des images
de télédétection par interprétation visuelle, les reliant a
chaque classe proposée d'utilisation et de couverture. Ainsi,
un systéme de classification a été développé, couvrant
l'espace urbain en 17 classes, représentant un moyen efficace
de recueillir des informations sur les différentes formes
urbaines.

MOTS CLE: CBERS 04A, Classification de ['utilisation et de l'occupation
des terres, Espace urbain, Télédétection.

Mappatura dell uso e dell'occupazione del
suolo urbano: proposta per un sistema di
classificazione con telerilevamento

SOMMARIO

Il processo di urbanizzazione brasiliano ha prodotto uno
spazio urbano complesso, con una varieta di usi e coperture
del suolo urbano come risultato. Lo studio di queste forme
attraverso un sistema di classificazione & essenziale, ma
la maggior parte dei sistemi attuali non cattura questa
complessita, condensandola. Le forme urbane sono difficili
dadistinguere e classificare, rendendo necessario un sistema
con un elevato grado di dettaglio per una pianificazione
urbana pilt accurata. L'obiettivo di questo lavoro & proporre
un sistema di classificazione per l'uso e la copertura del
suolo urbano che possa dimostrare le molteplicita attraverso
il telerilevamento, utilizzando dati dal satellite CBERS 04A.
La metodologia analizza gli elementi visivi delle immagini
di telerilevamento attraverso l'interpretazione visiva,
collegandoli a ciascuna classe proposta di uso e copertura.
Con questo, ¢ stato sviluppato un sistema di classificazione
che copre lo spazio urbano in 17 classi, rappresentando un
modo efficace per raccogliere informazioni sulle diverse
forme urbane.

PAROLE CHIAVE: CBERS 04A, Classificazione dell'uso e dell'occupazione
del suolo, Spazio urbano, Telerilevamento.
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Introduction

The urban space as we currently know is manifested
throughout cities with different hierarchical levels,
which are commonly related to three expressions: the
international, complex and chaotic city, the small and
peaceful city and the intermediate city. However, this
conception does not address the complex reality of the
contemporary urban array, as it derives from an in-
tense urbanization process and is driven by hegemonic
capitalist forces!.

An effective way of highlighting the contemporary
urban complexity is through the anthropic morpholo-
gy that lies in the Land Use and Land Cover (LULC) ty-
pologies, being buildings, road networks, urban green
areas, and a diverse set of infrastructures. The analysis
of how the different use and cover forms is manifested
in the space is fundamental for the understanding of
the urban reality, thus the detailed study of its classes
and units is necessary’.

Technological improvements have contributed to
new approaches of LULC studies and, currently, its
main basis relies on geotechnologies and remote sens-
ing data, since they enable analysis with various goals.
As an example, the application of a Geographic Infor-
mation System (GIS) helps in the systematization, in-
tegration, identification, treatment and processing of
data acquired from satellites and other remote sensing
platforms, allowing a critical analysis of the (re)produc-
tion of the geographical space®.

Classifying urban forms in LULC classes is a process
that has its challenges and requires specific approach-
es, because of the complexity of the current urban
arrangement and the urbanization process itself. It de-
mands a greater scale of detail, that allows urban forms
to be identified and distinguished with accuracy, being
a challenge to be overcome. Different methodological
approaches and the technical improvements of remote
sensors aid these difficulties, providing data with high-
er spatial, radiometric and spectral resolutions, but
there are challenges still to be overcome.

The literature® reports several methodologies for
spatial analysis, divided into digital and analogical
approaches, however systems developed to classi-
fy the urban space are rarely mentioned. Urban LULC

! Santos, 1993.

2 Lamas, 2010, 37. Souza et al., 2020, 94.
% Matias, 2003, 28.

* Chowdhury, Bhaduri & Mckee, 2018, 94.
5 Novo, 2008. Jensen, 2008.
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classifications usually aims on specific cases, focusing
on the urban reality of a particular city or region, and
other universal classification systems address the ur-
ban scheme in a broader way, failing to praise the real
complexity that lies within this category of space.

Taking in consideration the global influence that
cities have, regardless of their size, and the high rate of
change to which urban centers are susceptible, a study
and proposal of an urban LULC classification system
is necessary. The availability of high-tech sensors and
data supports the development of a study that follows
this purpose, which was previously limited by factors
such as the low resolutions of remote sensors. This
would help territorial planning and the enhancement
of urban socio-spatial phenomena, so that they are cap-
tured through remote sensors and expressed with car-
tographic content and geographical analyses.

Therewith, the objective of this paper is to propose a
classification system for mapping the urban LULC with
analogical techniques, based on visual interpretation,
as a way of contributing to urban planning. The text is
structured in four chapters: “Theoretical Remarks”, the
delimitation of the main theoretical references used
in the development of the work; “Methodological Proce-
dures”, in which the methodological sequence adopted
is demonstrated; “Urban Land and Remote Sensors”, a seg-
ment of analysis and discussion of the results; then, a
brief conclusion of the work will be made, followed by
the bibliographic references used.

Theoretical Remarks

Authors® have discussions that contribute to the com-
prehension of the Brazilian urbanization process and
the urban space characteristics. The contemporary ur-
ban reality was built by a diverse range of processes,
among which the rise of the technical-scientific-
informational environment had a great influence, pro-
ducing a more fluid and clustered territory with the
construction of new means of transport and a broader
road network’.

This process also influenced the characteristics of
the urban morphology, assembling it as a result of the
production and reproduction of the space by hegemon-
ic forces, being a clear reflection of these agents and
its ideals. The constant urban changes build a complex

¢ Villaga, 1978. Suzigan, 1988. Corréa, 1989. Santos, 1993.
" Santos, Souza & Silveira, 1998. Sposito, 2000. Santos, 2013.
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and diverse morphology, encompassing anthropic
and non-anthropic objects, such as houses, buildings,
vegetation, among others, and the study of this urban
morphology is one of the starting points to understand
urban conflicts, enabling the different urban realities
to be highlighted®.

The proposal of a LULC classification system that
highlights the diversity of the urban forms with remote
sensing data is relevant, aiding a more accurate classifi-
cation of the urban array, thus contributing to the mit-
igation of a diverse range of issues that surround cities
worldwide. In the past decades, significant advance-
ments in urban remote sensing, including the devel-
opment of new sensors and algorithms, have brought
forth new possibilities for urban LULC classification,
both in analogical® and digital approaches®, thereby
enhancing the need for a classification system.

For that matter a recollection is needed, regard-
ing authors that discuss on the basic concepts of
classification systems'!, the understanding of remote
sensing concepts and applications'? and those who
help to comprehend the possibilities, limitations and
challenges when studying urban LULC with remote
sensing®.

Methodological Procedures

To fulfill this paper's objectives, the methodological
sequence was divided into five topics: (i) Definition of
the Sampling Area, (ii) Data Acquisition, (iii) Image Pro-
cessing, (iv) Visual Parameters and Interpretation Key,
(v) Classification System.

For (i) Definition of the Sampling Area, was consid-
ered the discussion of the geographic space as the di-
mension of interrelationships and multiplicities, in
which different stories and trajectories coexist and col-
laborate to produce a complex and constantly changing
space, which is reflected in the different forms of LULC™.
Based on that, and on the discussion that a larger popu-
lation results in a greater space complexity', the city of
Campinas, Brazil (Figure 1), was chosen as the sampling

& Massey, 2004. Lamas, 2010.

° Riegel et al., 2019.

0 Huang et al., 2018.

" Anderson et al., 1979. Heymann, 1994. Instituto Brasileiro de Geografia e
Estatistica (IBGE), 2013.

2 Novo, 2008. Jensen, 2008. Meneses & Almeida, 2012.

13 Rogan & Chen, 2004. Ribeiro & Kux, 2009. Rashed & Jurgens, 2014.

14 Massey, 2004.

5 Santos, 1993, 95.
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area, since its dense demographic scenario has potential
to express the urban space’s diversity and complexity.

In (ii) Data Acquisition, data was chosen from the
sensor Wide Scan Multispectral and Panchromatic Cam-
era (WPM), from CBERS 04A satellite, a sino-brazilian
satellite launched in late 2019, imaging the entire globe
with 3 different cameras. Images from 08/29/2020 were
acquired, imaged at 1:30:36 pm and the bands 0 (Pan-
chromatic), 1 (Blue), 2 (Green) and 3 (Red). This satel-
lite emerges as a new potential for urban studies, the
WPM sensor has a spatial resolution of 2 meters at the
panchromatic band and 8 meters at the visible and near
infrared (NIR) bands, meeting the basic criteria for ur-
ban analysis*®.

Regarding the topic (iii) Image Processing, the atmo-
spheric correction and band compositions were made,
being produced a true color image (Bands 3, 2 and 1)
and a false color image (Bands 3, 2, 1 and 4)", in which
a pansharpening processing was made. The two images
resulted from the band composition allowed the visual
interpretation of color, shadow and the differentiation
among urban forms, the panchromatic image based the
interpretation of the elements size, texture, pattern
and shape, whilst the combined analysis of the three
images helped to analyze the site, situation and asso-
ciation. This topic was developed aiming an analogical
image classification of the two compositions, true and
false colors.

In the topic (iv) Visual Parameters and Interpreta-
tion Key the visual elements, their variations and the
composition considered were defined (Table 1) and the
interpretation key was settled’®. The interpretation
and analogic classification of the final image assumed
that the characteristics of certain types of LULC follow
trends that can be observed in visual elements. This
provided a basis for the development of interpretation
keys, through which the classification process is less
subjective and more precise.

Lastly, in (v) Classification System, the spatial scale
was set to 1:10.000, and the urban LULC classification
system was finished. The classes nomenclature was
adapted from systems already mentioned by the spe-
cialized literature', being produced a classification
system with two levels of detail (Table 2) and fixed the
definition of each class (Table 3), aiming an analogical
image classification.

'6 Rogan & Chen, 2004, 307.
7 Crosta, 1992.

'8 Aratjo, 2015, 51.

9 Anderson et al., 1979.
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Figure 1. City of Campinas Location Map
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Table 1. Visual Elements, their Variations, and Compositions for  rapje 2. Proposed Classes and Levels
Interpretation

Level I Level Il
Visual Composition Variations .
Element P 1. Urban Area 1.1 Agricultural Urban Area
Color RGB and RGB + NIR Definition of colors according to 1.2 Commercial and Services in Medium Lots

those in greater quantity in the

X . ) 1.3 Commercial and Services in Large Lots
objects, varying according to RGB

and RGB + NIR compositions. 1.4 Industrial
Size Pancromatic Very Small, Small, Medium and 1.5 Mining
Large ) o
1.6 Vertical Residential in Private Lot
Texture Pancromatic Smooth, Coarse, Intermediate and } S o
Mixed 1.7 Vertical Residential in Private Condominium
Pattern Pancromatic Random and Sistematic 1.8 Informal Residential Lots
Shape Pancromatic Dotted, Linear, Retangular, Square, 1.9 Horizontal Residential in Private Lot

Triangular, Circular and Amorphous 1.10 Horizontal Residential in Private Condominium

Shadow Pancromatic With (Yes) or Without Shadow (No) 111 Road Network
Site, Situation  RGB, RGB + NIR and Description and relationship of the )
and Associ-  Pancromatic object’s physical characteristics 112 Airport
ation with the scene and its surround- 113 Cemetery
ings. As an example, a mining
area is associated with extensive 1.14 Urban Equipment
exposed soil, surrounded by access
roads, small administrative struc- 115 Vacant Lot

tures, and specific machinery (such
as tractors and large extraction
machines). 1.17 Water Bodies

1.16 Vegetal Cover

Source: Adapted from Jensen (2008). Source: Elaborated by the authors.
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Table 3. Definition of the Proposed Classes

1. Urban surfaces, containing mostly buildings, structures, interventions, or anthropic uses.

11 Areas destined to the cultivation of vegetables, fruits, grains, and other inputs, located in the urban limit.

1.2 Structures built to sell products and offer services, located on lots of up to 2 hectares, such as markets, hotels, services of the financial, administrative
and construction sectors, schools, medium-sized, pharmacies and related forms.

1.3 Structures built to sell products and offer services, located on lots larger than 2 hectares, corresponding to large centers such as shopping malls, universi-
ties, hospitals, hypermarkets and related forms.

14 Areas with a concentration of industrial activities, such as processing (mechanical, chemical and thermal) and manufacturing (assembly of automobiles,
ships, heavy machinery, manufacturing and electronics).

1.5 Area with a concentration of extractive industrial activities, such as open pit, underground and dam mining.

1.6 Residential units structured vertically, with three or more floors; residential buildings distributed in private lots, located in blocks.

17 Residential units structured vertically, with three or more floors; residential buildings distributed in private condominiums.

1.8 Informal residential; informal lots, slums, and squatters.

19 Residential units in individual private lots, structured horizontally, with up to two floors; small, medium, and large houses, distributed in blocks or areas
with road access.

110 Residential units in private condominiums, structured horizontally, with up to two floors; small, medium, and large houses.

111 Transportation network, such as highways, railways, avenues and streets.

112 Area related to airports and its structures, such as airstrips, aircrafts garages, and parking.

113 Area related to cemeteries and its structures, such as tombs and administrative structures.

114 Recreational areas, destined to include the population in the urban space and green areas; recreational structures, such as parks, squares and gardens.

115 Lots without human construction, private or public, with a predominance of exposed soil or low vegetation.

1.16 Areas with vegetation located in urban areas; conservation areas, swamps and large shrub concentrations.

117 Water bodies, such as lakes, rivers, oceans and glaciers.

Source: Elaborated by the authors.

The Urban Land and The
Remote Sensors

The urban space has a fragmented and articulated as-
pect, the reorganization made by hegemonic agents
and the consequent ascent of a diverse array of LULC
types fragments the space, but its individual parts are
still connected, being codependent to one another, cre-
ating the articulated spectrum®. In this scene, the ur-
ban space is a social determinant and an expression of
the capitalist interests, thereby the contemporary city
becomes a complex arena of conflicts, housing disputes
for the same space, among divergent multiplicities?.
This conflicting space demands interferences and
the urban planning must answer them through plan-
ning instruments and methodologies, among which
the analysis of LULC is one of the main tools, as it gath-
ers information about the distribution of urban forms,

2 Corréa, 1989, 7.
21 | efebvre, 2006, 70.
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provides mathematical data about the urban array,
and others, supporting a critical analysis of the space.
The use of remote sensing for urban planning purpos-
es have grown in the past years, the technological ad-
vancements enable the use of remote data to a more
adequate planning, that embraces the space’s multi-
plicities and realities®.

The great range of classification systems verified
currently cannot grasp the complexity of the urban ar-
ray, approaching it in a plain and indirect way, dimin-
ishing vital information for the urban planning. There
are systems developed to classify the urban space, but
they have very specific goals, aiming local or regional
analysis, and have no cohesion when evaluated alto-
gether, making them unable for broader applications.
As an example, the system developed to analyze the
Brazilian city of Nova Hamburgo, aiming at a more
sustainable urban planning, making this a vital contri-
bution on a local scale, but not holding possibility of

22 Massey, 2004. Barreto, Silva & Cassol, 2016, 298.
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applications on other scenarios, since it considers a
specific urban space, and not the visual elements of the
urban morphology?.

The development of classification systems for a local
purpose has the goal to highlight a specific morpholo-
gy, whilst the ones aiming broader goals, diminish im-
portant information for urban planning. A resolution
for this issue would be a system with more detailed
classes, as the one proposed by NASA and USGS* but
this raises other challenges since the high level of de-
tails cannot be evidenced in most multispectral remote
sensing images®.

Thus, there is a demand for a classification system
based on a level of detail that follows the advances
and limitations of open access remote sensing data.
In view of these considerations, Table 4 presents the
proposal for a LULC classification system, with the 17
proposed classes, the visual elements that represent
each class, the numbering code and the representa-
tion color of each class (with the respective RGB code).
This system is initially developed for precise analogi-
cal classifications, with further analysis required for
digital classification, considering the diverse range of
algorithms available and how the 17 proposed classes
can be classified using automatic or semi-automatic
techniques.

Final Considerations

Since the start of the Brazilian urbanization process,
the production of the urban space follows hegemonic
guidelines, which organizes the space to sustain the de-
mands of capitalism, directly or indirectly. One of the
most relevant methodologies to the study and planning
of urban space is the classification LULC, as it raises
important data to support urban planning. Consider-
ing this, the proposal for a classification methodology
of the urban LULC arises, to support the gathering of
information and to provide a basis for a new way to per-
ceive the complexity of the contemporary globalized
city, through remote sensing.

The system proposed here presented two levels of
detail, considered sufficient for an analogical classifi-
cation, in which the visual elements of remote sens-
ing images were described according to the respective

2 Riegel et al., 2019, 380.
2 Anderson et al., 1979, 32.
% Herold & Roberts, 2014.
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classes of use and occupation. Furthermore, the system
should be tested with digital classification techniques,
applying different algorithms, assessing the accuracy
within the 17 classes.

A city with a high population density, such as Campi-
nas, would be an ideal space for further analysis on dig-
ital classification techniques, given its complex urban
array that exhibits distinct morphologies. On the other
hand, the application of this system in other munici-
palities is also necessary, to evaluate how the proposed
classes are distributed, determine if they are sufficient
for classifying other urban patterns, and identify po-
tential other urban LULC classes.

Like the other systems mentioned, the one proposed
does not encompass all the plurality of morphologies
in each class, requiring a third level of detail for this.
There may be exceptions regarding urban forms that
do not fit the description of visual elements, but this
was expected, since the classification is based on gen-
eralization, made in small doses in this work. Thus, the
most abundant elements of each class are the ones nec-
essary to support an efficient classification system and,
as for exceptions, collateral information is necessary,
so that they are correctly identified.

The analysis and results obtained demonstrate the
potential that remote sensing has, allowing to high-
light socio-spatial issues that permeate the studies of
geography and urban planning. The system proposed
here is effective at the scale of detail aimed, with the
possibility of expanding to another level of detail,
which would require collateral information in addition
to the remote sensing images. In this way, it is con-
cluded that the classification based on visual elements
is effective up to a certain level, considering that the
more detailed the classification, the more collater-
al information would be needed. Finally, it is worth
mentioning that the use of automated techniques for
mapping and classifying the LULC is a well-founded
methodology, especially when considering the tech-
nological advances of remote sensing systems, which
allow more accuracy in distinguishing between objects
in the urban space.
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