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ABSTRACT:

Taking into account the importance of mangrove remvnents for the biodiversity of coastal areas,dbgctive of this paper is to
classify the different types of irregular human gation onthe areas of mangrove vegetation in Sdo Luis, @apftMaranhao
State, Brazil, considering the OBIA (Object-based demaAnalysis) approach with WorldView-2 satellitetalaand using
InterIMAGE, a free image analysis software. A mekblogy for the study of the area covered by mangsat the northern portion
of the city was proposed to identify the main tasgef this area, such as: marsh areas (known Yoaalpicun), mangrove forests,
tidal channels, blockhouses (irregular construsjpeambankments, paved streets and different coimdiams.

Initially a databank including information on theaim types of occupation and environments was estaa for the area under
study. An image fusion (multispectral bands withhg@@omatic band) was done, to improve the inforamationtent of WorldView-2
data. Following an ortho-rectification was madehwihe dataset used, in order to compare with caapdgcal data from the
municipality, using Ground Control Points (GCPs) eciéd during field survey. Using the data mininfijveare GEODMA, a series
of attributes which characterize the targets ofrieét was established. Afterwards the classes strretured, a knowledge model
was created and the classification performed. TB&ACapproach eased mapping of such sensitive astamying the irregular
occupations and embankments of mangrove foresisciry its area and damaging the marine biodiwersit

1. INTRODUCTION

In the last decades there was an increase on stueleted to
the urban dynamics in Brazil. (SOUZA, 2000). In tity of

S&o Luis from the 1960s onwards there was a stpopglation
growth, due to commercial and industrial activittesicentrated
in the region. A large part of this occupation vilasareas of
mangrove forests.

After the launch of the WorldView-2 satellite in ©ber 2009,
very high resolution images became available fotaitisl
studies of cities in coastal areas. It is the fosbital sensor
system with 0.46 m resolution in the panchromaaad and
1.84 m in the multispectral bands.

In order to process and analyze such large datasets
methodologies were developed and tested. OBIA (@jased
Image Analysis) is a new methodological approactduer the
classification of land use/land cover of urban sredth very
high spatial resolution images (BLASCHKE & KUX, 2007)
Looking at an alternative software for users of sthi
methodological approach, the Catholic University/Rie
Janeiro (PUC-RJ) and INPE, the Brazilian Nationalituie for
Space Research, became partners for the developameht
application of an image analysis knowledge basetkery, the
InterIMAGE, with open code and free access. (COSTAle
2010).

The objective of this work is to map mangrove fogas of a
section from Maranh&o Island, classifying WorldVi@vimages

from this area using the InterIMAGE software anttilagtes
selected by data mining techniques and implemeatethe
software GeoDMA.

1.1 Object-Based Image Analysis (OBIA)

For the analysis of high spatial resolution dateghsas those
from WorldView-2, use of the conventional pixel Ipjxel
classification is quite limited, because imagesfithese sensor
systems present a high level of heterogeneity atatrial class
variation within the same scene. Blaschke (2010pnted the
evolution of OBIA, presenting studies which appli¢is
paradigm to several different applications. OBIA siders
image classification based on objects such as ogpml
(neighborhood, context) and geometric (form, sia&rmation.

Attributes such as form, size, texture, pattern eodtext are
helpful for the classification, where solely spattttributes are
not sufficient and the knowledge of the interpréseinserted to
improve the image interpretation. The definitiontloé attribute
space from a certain class is a task associatadcéstain level
of imprecision, which introduces a certain degreanzertainty
at the association of an object to a certain clBenz et al.
(2004) report that this uncertainty must be modetstt this
will be helpful for the evaluation of the classét@n.
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1.2 Image fusion

The fusion of panchromatic with multispectral imsgef
WorldView-2 scenes was done using the Principal Gomepts
methods, resulting in an image with 0.50 m spaéiablution.
1.3 Ortho-rectification

The orthorectification was made using the 3D ration
polynomial method (TOUTIN, 2004), from software kage
PCI Geomatics v10.3.1, considering 55 GCPs for thiecesrea
under study. The GCPs used for the geometric reatifin were
obtained during a field campaign in August 2011.

1.4 Semantic network

In order to compose the semantic network, the olig land
cover classes were defined for the test sites,dbasdhe visual
analysis of WorldView-2 images and on previous kieolge of
the area by the interpreter.

The mangrove areas were discriminated in Arboregktation
(mangroves) and marsh are@picum low vegetation type).
Other classes: Bare soil, Roofs (Ceramic, Metal arnukstos),
Asphalt pavement, Tidal flat and Tidal channel.

1.5 InterIMAGE

InterIMAGE is knowledge-based free software for gma
interpretation. It was developed in the frame afo@peration
project between INPE, the Brazilian National Ingéttor Space

For KORTING et al., (2009) the use of data miningl$ocan
increase the analysis potential of remote sensirgga d
applications when employed in urban areas, becafisthe
variety of targets, difficulty to discriminate inhdse
environments. Considering the large amount of object
classify, more accurate techniques for the infoimmagxtraction
are required.

1.7 Spatial analysis of geographic data

The spatial analysis helps to process data to bd alowing
also, through an exploratory analysis, to undetstahe
attributes and variables which would explain certaiocesses.
Crossing information obtained from satellite imagéth data
from public management institutions, as well asadaff
environmental fragility obtained by geo-spatialeirgnces, can
indicate the present state of environments undesstsuch as
certain mangrove covered areas.

2. AREA UNDER STUDY

The area under study is located in the Maranhédo
Island, NE Brazil, encompassing 831.7 Kmz2.

To map mangrove forests, two test sites were chosen

with a mixture of different stages of growth ofghiegetation
type, including those sections suffering strong Anmressure
as well as those recovering from possible impagtich are
representative for the present situation all ot island. The
test sites are shown on Figure 1.

Research, the Laboratory for Computer Vision of théh@lic
University/Rio de Janeiro (PUC-RJ), and the Leibnivdrsity
of Hannover (Germany). According to COSTA (2009 an
2010), it inherited its knowledge structure, des@gr control
mechanisms from the German system GeoAIDA (BUCKNER
al., 2001), which consists of a further developmeh®AIDA
(Automatic Image Data Analyzer).

According to RIBEIRO (2010) the most
characteristics of InterIMAGE are its flexibilityorf the
interpretation of multi-sensor images and the ré&doc of
computer processing time and load for the imagéysisa

The most recent version of InterIMAGE can be dowdked at
http://www.lvc.ele.puc-rio.br/projects/interimagdmong other
operators for object extraction it contains: a segier from
Baatz, the Checkerboard, a classifier by decisicsiran
importer for vector files, topologic attributes whican be used
at the decision rules of Top-Down and Bottom-Up apms
(COSTA et al., 2010).
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1.6 Data Mining and GEODMA

Data Mining consists on the application of compuatigorithms
over a data base aiming to abstract new and uke@vledge.
WITTEN & FRANK (2005) inform that these algorithms,
according to certain paradigms, are based on tgabaiaiming
to explore data to produce knowledge models whiqgbress
patterns of data characteristics which can be patated for the
classification.

GeoDMA executes all processing phases needed tipuiare
remote sensing data, including segmentation, didracand
selection of attributes, training, classificationdaexploratory
data analysis.
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Figure 1 — Localization of test sites
Source: Adapted from WorldView-2 image dated JuBthl
2010. (DIGITALGLOBE, 2010).

At the northern section of S&o Luis municipalityerth are
fragile geologic structures of Quaternary age, Wieases the
landscape change by relief modeling agents of tiona
hydrologic and oceanographic origin. See furthéaitteabout

this issue in SOUZA & FEITOSA (2009) and GERCO (1998)

Associated to these fragile structures there aragnoaes,
mainly at the margins of bays, inlets, river moutagoons and
coastal indentions. Such systems are functionadignpiex,
highly resilient, resistant and stable, occurringlesively in
tropical areas. They are characterized by typiegletation and
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sediments and are very important from an envirortateand
social-economic point of view (MOCHEL, 2006 p. 237). 3. METHODOLOGY

In the test sites there are irregular occupations ~ The main methodological steps are presented in the
(blockhouses) close to the mangrove forests anghmareas flow diagram below. (Figure 4):
(Apicum) as well as houses and farther away also edifices.
Figure 2 aqd 3 show one of the test sites withildetd the XS Images WV-II
heterogeneity from the area under study.

> FUSION

Pan Image WV-II

Mangrove ¢
blockhouses / Fused image
. Control Points i
Field Survey . ORTHORECTIFICATION
to obtain GCPs for - ;
DGPS systen v
Ortho-rectified
DEM Images
Vector base Blocks and streets SEGMENTATION

Calibration of parameters

CLASSIFICATION
(Data Minina’

EVALUATION OF RESULTS

Figure 2 — Test site. ‘
Source: adapted from WorldView-Il image, dated Jag" ] ‘ )
2010. (DIGITALGLOBE, 2010). Figure 4 — Methodological procedures.

Materials used in this work:

1) Scenes fromWorldView-Il sensor obtained on June ™0
2010, with off-nadir angle 16° and 11 bits radiamget
resolution, delivered by company DIGITALGLOBE.

2) Vector files of blocks in the databank of tH@o3.uis, from
the planning agency of the city.

3) GCPs collected during Field survey in August 2@dith
TOPCON Hiper L GPS geodetic equipment.

4) Contour lines in vector format, 1 m equidistan€eontours,
for the S&o Luis region.

The following software was used for image procagssENVI
4.7 (ITT, 2009), used for fusion and cutting of bbéest sites;
PCl Geomatics V10.3.1 (PCl Geomatics, 2010) to woitk w
the Digital Elevation Model and control points, Ifated by
WorldView-2 image ortho-rectification, InterIMAGE 1\27
(InterIMAGE 2010) and GeoDMA for the exploratoryadysis
of image attributes and land cover classification.

For the spatial analysis the software SPRING 5de¥geloped
at INPE, was used to generate vulnerability mapsafigrove
areas of the northern section from the Maranh&mds|

4. RESULTS

uh

Figure 3: a. Dense mangrove; b. Degraded mangrove. ] )
Based on the attributes chosen, a thematic landr coap was

For this study, statistical data, information madilable by ~generated from the classification of WorldView-2tajausing
governmental agencies and partner companies ferRhoject InterIMAGE v1.27 and data mining of GeoDMA. Thidtseare

were used, besides ancillary academic studies oreediabove.  allowed a supervised analysis of the differentiaites and to
define the best ones and the thresholds used fer th

classification.
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During the implementation of the hierarchical natkyothe At the above mentioned test sites and after anoexiry
classification executed at InterIMAGE was considerasing analysis of data (Figures 7 and 8), considerind kadining
the Top-Down and Bottom-Up approach. The option was samples and test with the C.45 algorithm, it wassibds to
network with few levels and many leaf nodes whitbvalower  determine attributes which best discriminate thiges mapped
computer costs (RIBEIRO, 2010). (Figure 9).
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After structuring the network (Figure 5), the segtagion of + metalico + planiciemare

the scene was performed (Figure 6), where the feafes  Figure 8: Exploratory analysis using a decisioe.tre
perform a logic selection and transmit to the parede a rp_mean_1_n <= 03300127080

reduced number of hypotheses, for later objecsifieation at p_area <= 500.5000000000

the Bottom-Up phase. The conflicts are solved attiiiy P o3 < o7 bgatonat > 7
membership values to each class, prioritizing thaitgbutes | rp_mean 2> 67.2668380737 -> 1

which defined classes with less omission and cosioms

rp_stddev_2_n > 0.2708886862

rp_mean_2_n <= 01993619055

| rp_mean_2_n <= 01483090073 ->7

| rp_mean_2_n> 01483090073

| | rp_stddev 1 n <= 04427254929 -» 2
| | rp_stddev_1 n = 04427264929

| | | rp_stddev 0 <= 36.7712402344 -» 7
|

|

I

errors.

| | rp_stddev 0 > 367712402344
| | | p_compacity <= 0.0882763267 -> 2
| | | p_compacity > 00882763267 -> 7
rp_mean_2_n > 01993619055
| rp_stddev 2 n <= 05379980803 -» 2
| rp_stddev 2 n > 05379930803
| | rp_mean_2 <= 836195831299 ->7
| | rp_mean_2> 836195831299 -» 2

Figure 9: Model of a decision tree generated atlBaaA

After the evaluation of attributes from the scesewsll as of
the decision tree generated, the final scene €&lzt®dn was
performed (Figure 10), followed by the extractiof the
Mangrove forests (Figure 11). Considering the cdofus
matrix, a Kappa index value of 0.93 was found for the map
generated. The Producer's and User’s accuraciegsineiot for
the land cover classes are at Table 01.

Table 01: Producer’s and User’s accuracies

Land cover classes Producer's accuracy | User's accuracy
Streets 0.94 0.86
& : Tidal Flat 0.82 0.74
Hilaing ; . Tidal Chanel 0.78 0.70
Figure 6: Segmented image of test site. Cerammic roof 092 064

98



ISPRS Annals of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume -4, 2012
XXII ISPRS Congress, 25 August — 01 September 2012, Melbourne, Australia

Asbestos roof 0.75 0.57 region (Figure 12), which was expected for the spébands of
Metal roof 0.66 0.64 this satellite system (Figure 13).

Mangroves 0.95 0.96

No mangroves 0.82 0.84

Spectral Profile
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Figure 10: Final classification of the scene. | JI N
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Texture attributes implemented at InterIMAGE v1w&re used

for classification, taking into account the diffiece among Figurel3 — Spectral response of WorldView-2 chasnel
classes related to it. The result of the scenesifled was Source: Padwick et al., (2010)

improved because the attributes related to bothratia Yellow

and Red-Edge are better defined, eliminating coafissivhich

occurred in the past, for instance, with classesf@ierroof and

Bare soil. CONCLUSION

It is concluded that WorldView-2 data facilitatedhet
identification of different vegetation types, indlag mangrove
forests, due to the new multispectral bands availahhe
combination of both spatial and spectral resolutadlows a
more precise discrimination among the targets n@ppe
allowing further detail at land cover maps.

The use of InterIMAGE software (image classificaj)icand
GeoDMA to elaborate the decision tree enabled & fas
classification from improved image attributes, gsthe texture
algorithm implemented at InterIMAGE allowing the
separability of class mangrove.

A companion paper authored by Souza & Kux at thisgeess,
presents further details about the mangrove cleagdn.
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