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Abstract: One topic of interest in the cartographic area émgourages many researches is
the detection of interest features from remote isgnsnages. This topic is a challenge for
the researchers because the complexity of the imegges. A supervised detection process
delimits the feature using the user’s knowledgeetmgnize it. Normally, the user provides
samples of the feature for the process that usesfarmation to determine the pixels that
represent the interest features. Therefore, thpemparoposes and presents a supervised
methodology for cartographic features detectionis Thethodology combines the use of
growth region technique to detect the main featw#h mathematical morphology to
enhance the extraction. The detection is basechersamples provided by a user on the
original image to segment the image. After, theoatgm performs the morphological
closing and finally the area closing. Both operatwnprove the extraction by removing
small holes detected inside of the interest featob¢ained by the growth region

methodology. The proposed methodology was validbted statistical method established



in the literature. Results have been demonstrdtatithis methodology can be applied to
extract cartographic features of interest pressimguremote sensing images.
Keywords: Cartographic features extraction; high-resolutionages; mathematical

morphology.

METODOLOGIA SEMIAUTOMATICA PARA EXTRACCION DE
CARACTERISTICAS CARTOGRAFICAS UTILIZANDO IMAGENES D  E SENSORES
REMOTOS DE ALTA RESOLUCION

Resumen:Uno de los temas de interés dentro del area degcafia que es de alto interés
es la extraccion de determinadas caracteristicas dmagen. Este tema representa un
desafio para los investigadores debido a la coidpttjde las escenas de imagenes. Un
proceso de extraccién supervisado delimita la taratica usando el conocimiento del
usuario para reconocerla. Normalmente, el usuadpguciona muestras de la caracteristica
para que el proceso utilice esta informacion paterchinar los pixeles que representan
dichas caracteristicas. En este sentido, el preeseiiajo propone una metodologia para la
extraccion de caracteristicas cartograficas. Es&odologia combina el uso de la
metodologia de crecimiento de region para extraercdracteristica, con morfologia
matematica para mejorar el resultado. La extracegbasa en las muestras proporcionadas
por un usuario para segmentar la imagen. Despuéslgeritmo realiza el cierre
morfoldgico vy, finalmente, el cierre por area. ldis operadores mejoraran la extraccion
eliminando pequefios huecos detectados en el intdgola caracteristica de interés
obtenido en la segmentacion. La metodologia prapauss validd mediante un método

estadistico establecido. Los resultados han deauustque esta metodologia puede ser



aplicada para extraer caracteristicas cartografisasnterés presentes en imagenes de
sensores remotos.
Palabras claves:Extraccion de caracteristicas cartogréficas; imagele alta resolucion;

morfologia matematica.

1. INTRODUCTION

Nowadays there are several researches developitigpdmdogies to detect specific
targets in a digital image. It is not differenttile Cartographic area and one important
cartographic target is road. Road detection rekearcan use digital images provided by
aerial photographs or satellite remote sensing @nadrhe road detection researches are
very important for cartographic spatial data adtjois and update, since it can be
performed in a fast and efficient way and it isigpénsable to the development of a
Geographic Information System (GIS) (Ishikawa, &il& Nobrega, 2010). The targets
detection methodologies consist of two basic tad{se first one is defined as the
recognition of the interest target of the image,levithe second task is defined as the
delimitation of the interest feature. In additiowe can split the targets detections
methodologies in two types, automatic and supedviseethodologies. The automatic
detection methodologies perform both tasks of tardetection methodologies. In the other
hand, the supervised methodologies perform justdlemitation task while the user,
normally providing interest samples for the supssdi detection methodology, performs
the recognition of the interest target (Dal Poznida & do Vale, 2007). Some road
detection methodologies use linear techniques, dheeroads have, normally, linear

structures. However, it is became a restrictive @omso, no-linear techniques, such as



Mathematical Morphology (MM), are more efficientedto the capacity to remove noise
and preserve the target’'s geometric structureskéala et al., 2010).

In the literature, we found several researchesdryo develop new methodologies to
detected roads in remote sensing image. Some wof tise linear techniques, while others
use morphological techniques trying to keep thengsdc structure of the targets
(Gaetano, Zerubia, Scarpa, & Poggi, 2011; Santi&fjea, Nogueira, & Leonardi, 2012;
Wang & Shan, 2012). However, there is not a defimethodology to work with different
types of images and interest features. Therefdnes paper proposes a supervised
methodology to detect cartographic features of gitali remote sensing image. The
proposed methodology consists of the use of somplea of the interest feature, provided
by the user, to calculate a range of values th&inigeto it. After, the growth region
methodology (Silva, Cardim, & Best, 2012) is penfied to detect the interest feature as a
first step. In addition, the methodology uses maidwgcal morphology operators to
improve the result of the detection. The developnoéthis methodology is justified by the
necessity of detect cartographic features from terasensing images using an efficient and
fast way. This way, having an efficient methodolothe cartographic community can use
it to acquire and update the spatial data.

The remaining part of this paper is organized dovs. Section 2 provides the
definitions and the explanation of the methodolgggposed in this paper. Section 3
presents the results obtained using the proposédod@ogy. The Section 4 provides an
analysis of the results while the Section 5 preséhé conclusions about the proposed

methodology and the obtained results.



2. METHODOLOGY

The applied methodology consists of acquire sami¢ise interest features from the
user to perform the growth region technique, whimbk for pixels that belong to the
interest feature from initial points according toeaage of values. The samples, provided by
the user, are used as initial points and to cateule range of values that the growth region
technique will use to detect the interest featdmem the initial points, the technique
search, in the neighborhood, for other points bebng to the range defined and continue
doing it for the neighborhood of the points detdcis part of the interest feature (Silva et
al., 2012). Figure 1 presents the functionalityhef growth region technique, but the values

are just an example.
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Figure 1. Growth region technique.

The growth region technique described before isicamed as supervised, since the
user must provide some samples to the algorithroreéehe processing. The growth region
can be considered as a segmentation step, sindk riésult in a binary image with a base

detection of the interest feature.



This first step results in a segmented image, whiad some imperfections in the
detected cartographic features. The next stepseoptoposed methodology use operators
of the mathematical morphology theory (MM) to eliraie these imperfections. The MM is
capable of process the digital image doing modifices in the image and preserving the
geometric structures of the interest featureseastime time.

The MM is defined for two basic operators, the Emosnd the dilation operators. To
perform those operators, we need a previous detradture named as structuring element
(SE). The SE is a defined and known set, whiclommpared with the unknown set of the
digital image (Facon, 1996). The two basic opesatwork similarly and the structuring
element is used to define the geometric structsesl un the operations. In the dilation, the
center point of the structuring element will resualtthe maximum value of all the pixels
belonging to the SE, while in the erosion the ceptent will result in the minimum value
(Soille, 2003). The dilation has the effect of exgpdhe targets, fill small holes and connect
nearby targets. In the other hand, the erosioriexctsf is to eliminate targets smaller than
the SE, to expand holes in the targets and to apaearby targets (Facon, 1996).

Having the two MM basic operators described, we almo describe the operator
called closing. The closing operator is definedtbg dilation followed by the erosion
operator (Soille, 2003). The main effect of thiegior is to use the dilation properties to
fill small holes and connect nearby target, sajrrethe targets to the original size applying
the erosion operator, but preserving the filledceb@nd connected targets.

The second operator performed is the area clodihgs operator identifies each
connected target of the background and calculdtesatea of each one. This way, area

closing eliminates the targets of the backgrounthan area smaller than a determined



value by converting these targets in foregrounde Tiain effect of this operator is to
eliminate small holes, inside of the interest featwaccording to the minimum area value
defined by the user.

Using those three operators, growth region, closmgd area closing, the
methodology used in this paper to detect targetstefest in remote sensing image can be

resumed in the flowchart showed by Figure 2.
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Figure 2. Flowchart of the proposed methodology.

The methodology consists of the use of samplesigedvby the user to apply the
growth region operator, which performs a kind ojreentation doing a base detection of
the interest feature as showed by Figure 1. Aawgirthe base segmentation, the
morphological closing can connect some structurggamted by the growth region
operator. In addition, the last step, the areairdpdill the small holes inside of the interest
feature detected, considering that some small s be over the interest feature during
the image acquisition.

The proposed methodology was implemented in, amadgushe CARTOMORPH
project, which is a library of functions focused thie remote sensing images processing to
develop methodologies of cartographic featuresctiete

Furthermore, to validate the proposed methodolagyyused a set of images from the
Faculty of Science and Technology (FCT/UNESP) detatand we choose one of them to

present the results in this paper. This image asveld by Figure 3 and was obtained from



the panchromatic band of QuickBird Satellite withagal resolution of 0.6m. This image

has part of a highway of Sdo Paulo city as theastdeature.

nchromatic image.

igure 3. rigin a
3. RESULTS
This section presents one example of cartograpbatufe detection using the
proposed methodology. As mentioned before, the pliarmmage is part of an image
acquired by the QuickBird satellite with 0.6m of8pl resolution and Figure 3 presents it.
The example image has part of a highway of S&odRatyl in Brazil as the interest feature.
The first step of the methodology is the interattwath the user to provide samples
of the interest feature for the system. It can teedproviding a binary image, where white

pixels represent the samples of interest. For #anele, Figure 4 presents the image of

samples provided by the user.



Figure 4. Image of samples.

Providing the samples, the growth region operat@s vapplied resulting in a
segmentation of the original image with a basied®@bn of the interest feature. Figure 5

presents the result obtained for the example p&gpbrming the growth region operator.



Figure 5. Result of the growth region.

After apply the growth region operator, the morpgatal closing can be applied to
connect separated components and fill small haleglé of the detected feature. The
morphological closing operator was performed usingtructuring element of size 3x3 of
box type, in other words, all points of the SE g8B3%ize is considerable. Figure 6 presents

the result of the morphological closing operatothiea example.



Figure 6. Morphological closing result.

The morphological closing operator connects sepdrabmponents and fills some
holes smaller than the structuring element. Howethere are holes bigger than the SE still
inside of the detected feature. This way, the s consists of the use of the area closing
operator, which is performed using a cross strunguelement of size 3x3, in other words,
just the neighborhood 4 is considered. Anotherrpatar necessary for this operation is the
maximum size of the area to fill, which we choose ase 1500 pixels for all the tested

images. The result of this operator for the exampf@esented by Figure 7.



Figure 7. Area closing result.

The area closing result is considered as the metbgd result. This way, we validate
the result obtained by a statistical approach defim the literature (Cardim, da Silva, &
Dias, 2014; Wiedemann, 2003). According to the eatabn methodology, we must have a
reference image, which is considered as the desasdlt, to compare with the result
obtained by the proposed methodology. Figure 8essnts the reference image used for

this example.



Figure 8. Reference image.

Following the statistical analysis methodology, ezld obtain the statistical values
about the result obtained with the detection metlugy proposed for the presented

example. Table 1 presents the main statisticalegabbtained for the example used in this

paper.
Table 1. Statistical results.

Completeness 0.953478

Correctness 0.944954

Quality 0.904264

4. ANALYSIS OF THE RESULTS
Visually, we can check that the methodology progasethis paper obtained better
results adding the two additional steps than usinly the growth region technique. The

interest feature, a highway in the example, wasl welimitated by the proposed



methodology. However, we also can realize thatetlvess a problem when something is
obstructing the interest feature. Looking for thi@ional image, presented by Figure 3, we
see a viaduct over the highway of interest, sod#tected result, presented by Figure 7, did
not detect the highway under the viaduct.

On the other hand, statistically, all the valueswhthe detection quality, for the
presented example, are over 90%. It indicates ffi@emcy of the methodology proposed
in this paper detecting the feature interest witihstatistical quality values. Looking for
the other tested images, the statistical valueooifpleteness and correctness are over than
80%. The detected images obtained show that theopeal methodology does not change
the location of the interest feature, a common lgrmbfound in some methodologies

described in the literature.

5. CONCLUSIONS

Intending to obtain a computational way to detestagraphic features from remote
sensing images, a supervised methodology was dgeetland this paper presents the
obtained results.

The proposed methodology are able to remedy thélgms imposed by other
research studies (Silva et al., 2012) that use th@\growth region technique as a detection
methodology. It can be visually and statisticallrified by observing, respectively, the
figures presented in this paper, and the high-tualalues obtained by the proposed
methodology. However, it is known that the resulisectly depend on the samples
provided by the user. This way, providing wrongpoor samples, the methodology will not

be efficient to detect the interest feature.



Concluding, the proposed methodology has demoesitrdas efficiency detecting
cartographic features from remote sensing imagex)samples provided by the user to
identify the interest feature. The results confitme need for researches about automation
of cartographic features detection. The proposethodelogy contributes for the literature
providing an efficient methodology to detect cartgghic features; performing it in a fast
way; and not dependent of the cartographic fedyyre, in other words, the methodology is
not restricted by the type of the interest featbesng able to detect, for example, roads and
rivers.

However, as further works, we intend to improve phegposed methodology not to be
limited when the interest feature is obstructechveibme other target, being able to detect

the entire interest feature, even when there isfoimg over it.
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