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ABSTRACT:

This paper seeks to apply routine for highways aige through the mathematical morphology toolshigh resolution image. The
Mathematical Morphology theory consists of desagbétructures geometric presents quantitativethéimage (objectives or features).

This explains the use of the Mathematical Morphglogthis work.

As high resolution images will beadl, the largest difficulty in the

highways detection process is the presence of teésautomobiles in the borders tracks. Like tfus,the obtaining of good results
through the use of morphologic tools was necessachoose the structuring element appropriatelye@sed in the functions. Through
the appropriate choice of the morphologic operatord structuring elements it was possible to detesthighways tracks. The linear
feature detection using mathematical morphologyr&gies, can contribute in cartographic applicatioas cartographic products

updating.

1. INTRODUCTION

Cartographic documents in different scales are dumehtal tools
to know the environment in way local, regional ajmbal, and to
help in the socket of necessary decisions for fa@ning and
administration of resources. The current situatiddrnthe world

cartography indicates that, for many areas of theqt, don't exist
cartographic documents that they supply informatiasith

appropriate quality, being this a so much commarblem for

developed nations as for developing countries gst@oneyhan,
1994).

The Brazilian Cartography presents great deficienoy

cartographic products updating. This happens dubdaexistent
emptiness, incorrect scales, products that aregépied to the
established quality pattern or for lack of an effex politics gone
back to the territory mapping. Aiming at to redubat mapping
lack in great scales, the cartographic communitydsdressing
efforts in the search of alternative methodologses that the
cartographic products can be updated with largeedpefficiency
and smaller cost. This process is of great impogafor the
obtaining of reliable and economically viable cgraphic bases,
without the need to accomplish conventional procesiuthat you
are costly and slow.

A fundamental factor in the process of cartograpipdating is
the changes detection, which according to Colw&B7@) it

consists of the modifications recognition happenied the

terrestrial surface through the time. Among thehmégues of
changes detection, it was chosen for this papeimtiegrated use
of Remote Sensing products and Digital Image PsicggDPI)

techniques. Among the several tools of DPI, it whssen the
Mathematical Morphology (MM) for the interest fests

detection in orbital images. The MM is a technigeey used and
researched in Universities and Research Centersvefyone,

tends as base to study the sign geometry, beigvarful tool for

images analysis, mainly where geometric aspeetsedevant.
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Considering the country wideational cartography deficiency,
this work seeks to contribute for the automation tbie
Cartography fieldthrough the integrated utilization of Remote
Sensing data and Digital Image Processing techsidtize main
objective of this work was to apply a routine foighways
detection in high resolution images (QuickBird) aingh the
Mathematical Morphology tools, with views to thertographic
updating.

2. MAIN BODY
2.1 Mathematical Morphology

The Mathematical Morphology (MM) was originally dseped
by Matheron and Serra at the Ecole des Mines iisPais a set-
theoretic method of image analysis providing a dtetive
description of geometrical structures.

According to Soille (1999), MM can be defined asdty for the
analysis of spatial structures. It is called of pt@logy, because it
consists at analysing the shape and form of objelttss
mathematical because the analysis bases on set thetegral
geometry, and lattice algebra. Goutsias and Hemg000)
mention that, the main idea of the MM is to analjfze shape of
objects in an image by probing the image with allsgeometric
template (e.g., line segment, disc and square) knaw the
structuring element.

2.1.1 Structuring Element

Facon (1996) defines the structuring element aoraptetely

defined and known set (form and size). The basitwcjple of the

mathematical morphology lives in the operationeitsamong the
image tests and the structuring element known, imib the

relative information to the geometry and the togglof that set.
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For the obtaining of good results through the usearphologic

tools is necessary to choose the structuring eleaygpropriately
to be used in the functions. The element estruteriarthe key for
the success of the operations, since it is chasem iappropriate
way.

The choice of the element estruturante dependsi@mgeometric
form object to be extracted in the image. For insta linear

structuring elements are appropriate for the linedojects

extraction. It can also be considered several iootat of the

structuring element to extract the wanted formsnfithe objects
contained in the image. For instance, it is warteéxtract the
highways, the ideal would be to use a structuritggnent with

mask in form of line segment, however this elengmiuld be
rotated in several directions to answer the mdtigientations of
the highways. The size of the structuring elememtetids on the
characteristics that you want to extract in thegeaStructuring
elements larger preserve larger characteristicslewbmaller

elements preserve smaller details in the image.eSsmamples of
structuring elements are shown in the Figure 1.

(c)

(a)

Figure 1. Structuring elements: (a) cross, (bpsgand (c) line.

(b)

The type and nature of detected information depxritie
structuring element and studied image choice. Thepes
and size of the structuring element must be adajotede
geometric properties of the image objects to begssed.
The Mathematical Morphology presents as principe basic
operations: Erosion and Dilation, from which all het
morphological operations are derived.

a) Erosion: According to Soille (1999), the erosion of a sdby

a structuring element B is denoted fgﬂx)and is defined as
the locus of points, X, such that B is includedXiwhen its
origin is placed at x:

£,(X) ={x|B, O X} 1)

This definition indicates that the structuring elahB slides
on the image and it compares the neighborhood aif piel
with the neighborhood of the central point (thatsiof the
time will correspond to the physical center of Htricturing
element) preserving the pixels where the neighbmtho
coincide. In general, the erosion presents thevioilg effects
in their results: decrease of particles, eliminatiof the
inferior size grains than of the structuring eletércrease of
the holes and it allows the separation of closengra
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b) Dilation: According to Soille (1999), the dilation of a sét
by a structuring element B is denoted £y x) and is defined

as the locus of points x such that B hits X whenadtigin
coincides with x:

05(X)={x|B, n X 20} @)

For this definition, when the structuring elementverifying
the image, the neighborhood of the central pointukhhave a
intersection with the relevant points of the imagapturing
more pixels. The application of this operator proehithe
following effects: increases the objects in thegmdfills out
small holes and connects close objects.

Erosion and dilation can be used in a variety ofsyvan
parallel and series, to give other transformatiorduding
thickening, thinning, pruning and many others.

Thinning: According to Soille (1999), the thinning of a set X
by a composite structuring element B is denoteX iyB and
defined as the set difference between X and therhitiss
transform of X by B (HME(X):

XOB = X \HMT, (X) 3

The hit-or-miss transformation of a set X by a cosife
structuring element B=(B B,), is the set of points, X, such
that when the origin of B coincides with x; Bts X and B
fits X°©.

HMT,(X) = £5,(X) n &4, (X°) (4)

d) Pruning: According to Soille (1999), the pruning
transformation is implemented through the detectibfinal
points and their removal up to the idempotency,other
words:

PRUNEX) = (X AFIs B (5)

WherekE is related to the structuring element used to detec
final points ande indicates that the sequential thinning is
iterated up to stability.

When the pruning is taken into stability, the opbrts of the
skeleton not suppressed are the closed arcs @ ‘diethe
skeleton.

2.2. Data Used

The test image chosen corresponds is a panchrometge of the
high resolution satellite QuickBird, with spati@solution of 61
cm. This contains as main feature a part of theoRapravares
highway, located in the area of Presidente Prudeitye (SP),
Brazil. The Figure 2 presents the original image.
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Figure 2. Original Image.

2.3 Method

This paper consisted of using morphologic operatoith the

objective of to detect highways in high resolutiomages. For
this, the Mathematical Morphology toolbox developad SDC

Information Systems, coupled to the software Matfad was

used in this experiment.

Initially, with base in the type of present struetun the image,
the morphologic operators and structuring elementere

appropriate were selected to process the imageintéhtion of to

detect highways in other words, to detect elongaitedge

structures. The flowchart of the Figure 3 illustsatthe stages
accomplished for the highways detection.

Morphologic Pré-Processing

. 2

Conversion of the gray images in binary

3

Reconstruction of the tracks of the highways]

(Suppression of the holes left by the t)

.

Highways detectior

L 3

Morphologic Post-Processin(

. 2

Obtaining of results

)
]
)

Figure 3. Flowchart of the developed routine.

[
|
[
|
|
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Firstly, the developed routine consisted in accishplg a stage
of Morphologic Pre-processing where the brightreess contrast
values were altered, enhancing the interest femt(neis stage is
of great importance, because it allows the elinnbmabf many

noises that aren't part of the interest featurekingapossible the
detection process. The next step was to convergridneimage in
binary. In the sequence, due to the presence & trethe borders
tracks, these were rebuilt with the intention oftaihing its
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original plan. Being the tracks without the presen€the "holes"
left by the trees, the next step was to accomjgstietection. For
this, the tracks were thinning and afterwards thent by the
pruning process, where the resulting segments eftiimning
stage were eliminated. Finally, with the intentmfnobtaining the
best result to be represented in the Cartographgtage of
Morphologic Powder-processing was accomplished, clwhi
consisted in dilatation the highway tracks seekmgbtain them
with its original thickness. For proof ends, theage containing
the highway detected was put upon on its origimabde,
verifying if there was some position displacemehthe feature
detected.

2.4. Presentation and Analysis Results

Initially, a stage of Morphologic Pre-processing swa
accomplished with the objective of increasing casiirof the
highway tracks, contributing for the features detecprocess to
be successfully performed. For this, the first aparused was the
opening for reconstruction. This operator accorhgs the
reconstruction of an image starting from the erookéginal image
that works as markers. The structuring element used the
mmseboxsquare mask). In the sequence, with the intention
enhancing the features tracks, the addition operats applied
with the value 120 by the whole scene. The reshtaioed is
illustrated in Figure 4.

The next step was to convert the gray image innariimage.
The image was binarizated with a threshold 90,sfiaming all
of the pixels that have digital number below tligeshold for the
value "0" (black) and the ones that were abovelin(White). The
choice of this threshold was made in agreement wests
accomplished through of the image histogram armlyisi the
sequence, seeking to eliminate the noises thattgrert of the
interest feature, the erosion operator was appiedhe image
through structuring element mmseline (mask linexhwihe
intention of disconnecting the noises close totiglway tracks.
The disconnected noises were eliminated throughotberator
opening, which removed components with inferioreste 500
pixels. The obtained result is display in Figure 5.
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Figure 5. Elimination of the noises around theéusa

By analyzing the result showed in Figure 4 it cannoticed that
the highway present continuity loss. This happeded to the
presence of trees in the borders tracks in theesesquisition
instant, hiding information regarding the plan bétsame ones.
This way, it was necessary to accomplish a recoctsbn of the
tracks in order to obtain them with its real plarhen, the
morphologic opening operator was applied throughstinucturing

elementmmseline(line mask). For the use of this structuring

element was necessary to define two parameters, litiee
thickness and orientation, like this, with bas¢hie accomplished
tests, it was defined the values 40 and 125 reispéct The

obtained result is exhibited in Figure 6.

Figure 6. Reconstruction of the tracks

For the highway tracks detection, the image wasnihg and the
result submitted to the pruning operation. The prgrconsisted
of removing the segmentation left by the thinnimggess. The
result is shown in Figure 7.
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Figure 7. Result of the pngnprocess.

The next step was to apply a dilation on the imémgeugh the
structuring elementhmseboxXsquare mask), seeking to obtain the
tracks with its original thickness. The Figure 8egents the
obtained result.

Figure 8. Image dilated

Analysing the Figure 8, it is verified that the doyed

morphologic processing was adapted for the higheetgction in
high resolution image. The quality of the obtairmedjistration
proves the efficiency of the Mathematical Morphgldgchnique
in the area of Cartography seeking to the futurgogaaphic
products updating. With regard to the applicatiorf

morphological operators, the work could be congderas
concluded, presenting as the best result, as glegulained, the
result obtained in Figure 8.

3. CONCLUSIONS

The experiences accomplished with the tools oMlaéhematical
Morphology, with intention of reaffirming its usetential in the
area of Cartography, they were well happened. dbserved that
the obtained final product assisted to the objecgixoposed in to
demonstrate the viability of the morphologic tobisthe process
of features detection in high resolution imagesthwiiew the

cartographic products updating.

The key for the obtaining of good results liveshie appropriate
choices of the structuring elements and thresheddises for the
several stages of the detection process. For soh,miticis
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necessary that the user has minimum notions of ensdtical
morphology for the choice of the best structuritgrents to be
adopted and also, have knowledge on digital imagegssing so
that it can choose the thresholds values apprepyigd be used
by the morphologic operators employees in the [msiog.

In the Cartography the obtained results are akext importance
once, they were resulting of the application ofemilative
methodology for the features detection in digitalages. The
detected features can be used in conventional gsese of
cartographic products updating.
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