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Abstract: An emerging field of research in the area of remote sensing is the automatic building extraction from High-Resolution remotely
sensed images. Of late various researchers have followed different methods for building extraction such as edge detection, geometric and also
based on object-based methods. A very recent method or approach for automatic building extraction or indication in remotely sensed images is
the Morphological building index (MBI) that can detect buildings of different sizes and shapes. However, an image captured from zenith position
of the satellite will have a different appearance from that of the non-zenith position in terms of object reflectance. In this study different aspects
of morphological image processing for building extraction based on the position of the image capturing platform have been discussed. This
morphological image processing relies on White Top-hat transformation followed by erosion operation to extract buildings. The extracted
buildings can further be processed for rooftop solar panel installation purposes.
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1. INTRODUCTION

Now a days, the field of automatic building extractions from remotely sensed high resolution images has a deep
inter connection with different sectors specifically Automatic creation of 3D urban city maps. The geometric
data obtained from the maps could be linked with various applications, among them natural disaster
management i.e., flooding, earthquakes, defence monitoring, urban planning and airport hazard analysis
belong to the major category. However, these application areas are increasing by leaps and bounds as many
new sectors are being connected with it such as identification of rooftop areas for solar panel installation.
Improvisation of Remote sensing and GIS techniques have added extra milage to the Automatic creation of 3D
urban city maps. In the field of remote sensing, the contribution of high-resolution earth satellites, such as,
IKONOS and QUICKBIRD for identifications of different features, like road, building, tree present on the earth’s
surface play a major role. Performance of all these applications relied on effective and accurate extraction of
information or data from remotely sensed imagery. Human operated semi-automated systems, where manual
extraction of buildings by drawing lines and curves that indicates buildings walls and borders have dominated
over the years. Often, these processes are time consuming and expensive with a low update rate which have
paved the way for automation in building extraction with very less human interference. Hurdles faced by
automatic building extraction process includes various structure and shape of buildings along with the
presence of obstacles due to surrounding objects that may lowered the contrast between roof of building and
surrounding region. Of late various filters have been proposed to extract edges based on different detection
techniques. The main pillar on which majority of previous works in the sector of building detection are standing
is that the detection model has a quadrilateral shape as the image footprints are quadrilateral [1-5]. They have
followed edge/line detection techniques such as, Canny, DoG, Laplace, etc which can successfully detect large
buildings with flat rooftops but have poor performance in in cluttered scene scenarios or scenes including small
buildings. The footprint detection and 3D reconstruction have been described with the application of lines,
regions, planar patches, polyhedral shapes, geometrical models, and multiple images [6-9]. Among the other
approaches a segmentation method introduced by Cheng et al [10] where 2D histograms have been used for
segmenting the aerial images into four distinctive regions. A modified partial snake model was reported for
detection of buildings. A sophisticated surface fitting method has been reported with the implementation of
image corners [12-13]. A method based on edge detection to detect flat roofs buildings using geometric and
projective constraints has been proposed by Lin and Nevatia [14]. However, this detection method has success
over rectangular buildings only. A comparative study on building extraction techniques from aerial images has
been done by Mayer, highlighting the advantages and limitations of different techniques [1]. For extraction of
large buildings, a supervised clustering and edge detection-based technique applied on panchromatic images
taken from QUICKBIRD has been proposed [15], but it is not suitable for small buildings having little or no
shadow. Jin & Davis followed a relatively complicated procedure using IKONOS satellite imagery to extract small
buildings [16]. Huang and Zhang [17] introduced Morphological Building Index (MBI) in an object-based
framework to increase the accuracy of building extraction techniques. Moreover, Singh and Mehrotra have
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introduced Differential Morphological shadow and building operator to extract buildings from Geoeye-1
imagery of the city Washington DC Mall [18].
Various semi-automated systems have illustrated different difficulties associated with faithful extraction of
buildings such as, variation in shape, size and texture of building rooftops in urban area. However, there are
benefits as well as serious limitations of these techniques and it is needless to mention that a highly reliable
system for robust detection and identification of buildings is yet to appear. A limited number of systems have
analysed the effects of Morphological image processing on the images taken from different positions of the
satellite or drone. There will be certain difference between the images taken from zenith position of satellite or
drone with that of the non-zenith position in terms of reflectance from the objects present in the image. An
attempt to find out the orientation angle of a building cluster in dense urban areas have been done by Sohn
and Dowman using IKONOS imagery based on Fourier analysis [19]. However, faithful extraction has not been
achieved as a small number of overall features is used for building identification. In this present communication,
a comprehensive study on the effects of applying Morphology-based techniques using images taken from both
the zenith and non-zenith position of the satellite or drone has been put forward. Since, mathematical
Morphology-based techniques are gaining importance because of the fact that both gradient- and Laplacian-
based filters are very sensitive to noise, Top-hat transformation along with Morphological Building Index (MBI)
and Differential morphological profile (DMP) have been used in this present study.
The rest of the study is organized as follows. Section Il describes the methodology for building extraction that
has guided the present research followed by the simulation results and discussions on the effects of capturing
platform position in Section Ill. Section IV illustrates the conclusion that is followed by reference.
2. THEORY & METHODOLOGY
An automatic building extraction technique following morphological image processing is based on
simultaneous retrieval of three information i.e, firstly, structural information is extracted from morphological
profiles, then contextual information for buildings followed by spectral information for final detection. The
concept for developing MBI is to create a connection of the implicit characteristics of buildings based on
brightness, size, and contrast with the morphological operators (e.g., top-hat by reconstruction etc.) used as
proposed by Huang and Zhang [17]. At last, buildings are extracted by putting a threshold on the MBI feature
image. This technique is more effective for automatic building extraction from high-resolution imagery. In this
current section, the mathematical model of MBI and the steps for automatic building extraction have been
elaborated. Figure 1 illustrates the steps for automatic building extraction based on MBI. In the process of
developing MBI the knowledge about implicit characteristics of buildings i.e., brightness, size, and contrast as
well as their importance in building extraction are very essential. Brightness of the pixel corresponds to the
maximum value of a pixel at all the visible bands that have major spectral information of buildings. The
brightness value for pixel x is recorded as its [20]:

b(x) = max;<k<k(bandyy)) (1)
where, bandy (x) represents the spectral value of pixel x at the kth spectral band and the number of multispectral

bands is denoted by k.
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Figure 1. Methodology followed for automatic building extraction
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The contrast between high reflective rooftops and the shadows adjacent to the buildings are represented by
the differential morphological profiles (DMP) of the white top-hat. The formation of linear structural elements
(SE) is next crucial task for construction of a building index as it has to filter out roads on the basis of size and
directionality that have very similar spectral reflectance as buildings. The length-width ratio is taken into
account for removal of narrow and elongated structures. After defining the SE, having proper size and direction
re-construction of the image is obtained through erosion function. This process will help to find image that
Differential morphological profiles (DMP) is obtained by white top-hat transformation based on re-constructed
image.
The mathematical representation of White top-hat by reconstruction (W-TH) is given by:

W —TH(d,s) = b — y;°(d,s) (2)
Where, length and direction of a linear SE are indicated by s and d respectively and the opening-by-
reconstruction of the brightness image is indicated by y° [20].
Morphological profiles (MP) of the white top-hat are obtained by following the relations,

MPW—TH(d' S) =W-—- TH(d, S)

MPW_TH(d,O) - b (3)
The Differential morphological profiles (DMP) of the white top-hat are given as,
DMP,,_ru(d,s) = [MPy_tu(d, (s + 45)) = MPy_1u(d, s)| (4)

where length of the linear SE belongs to Syin < S < Smax With an interval between the profiles denoted as As.
The morphological building index (MBI) which is the average of DMP of the white top-hat can be obtained from

the following relation, i.e,,

_ Xd,s DMPy_Tu(d,s)
MBI = xS (5)

where the numbers of directionality and scale of the profiles are indicated by D and S respectively. In this study
the value of D is chosen as 4 i.e,, considering four directions. However, accuracy for building detection does not
depend on higher value of D.
Depending on the spatial characteristics of buildings and the spatial resolution, sizes of SE i.e.,, Smax, Smin and
As have been decided. The number of scales can be obtained by using the formula,

S = (SmaxA_SSmin) +1 6)
In the final detection of buildings larger MBI values are preferred for structures in most of the directions as since
they show high local contrast in these directions.
3. SIMULATION RESULTS & DISCUSSION
In the present section two images from two different position of the capturing platform have been considered.
First, a satellite-based image taken from the zenith position and next a drone- based image captured from non-
zenith position. Both the images refer to different geographical location on earth. The simulation is performed
on MATLAB 2009a in a laptop with 2 GB RAM, Dual Core processor and Windows10 operating system. The effects
of position of capturing platform as well as the variation of length of linear structural elements (SE) on the final
output image have been analysed.
— Drone based image of NABANNA building area Kolkata, India
A drone-based image of NABANNA building situated at Kolkata, India has been considered for the first case
study. The image as shown in Figure. 2 has three visible bands along with 720X721 pixels. The image includes
buildings with variable reflectance and
structure, low intensity vegetation, roads,
etc. Clearly the image is captured from non-
zenith  position resulting in reflectance
difference between the near side buildings
with that of the far side. The range of pixels
intensity lies within 2 to 255 referring low to
bright extremum. As mentioned earlier that
the sizes of SEi.e., Spmax, Smin @and As depends
on the spatial resolution so for first condition
respective values are chosen as Spax =
50, Sppin = 2and As = 2.
The number of scales can be obtained by
using equation 6 and it is S=25. In the
process of obtaining white top-hat

Figure 2. Drone based image of NABANNA building area, Kolkata, India
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transformation by reconstruction, multiple erosion of the input image is performed using element in SE in
succession. Figure. 3 represents 8 nos. of erosion images (total 25 erosion images) that have been obtained
using morphological opening operation to preserve the shape and size of larger objects in the image while
eroding the image.

Figure 3. Eroded images obtained using morphological opening operation

Morphological reconstruction is performed
using those erosion images as marker, based
on the characteristics of another image,
called the mask. The process begins from
peaks, in the marker image and continues
until the image values stop changing. In the
morphologically  reconstructed  output
image, all the intensity fluctuations except
the intensity peak have been removed.
Figure. 4 illustrates the morphologically
reconstructed image.

Over the length of linear SE ie, Spin < s <
Smax . differential morphological profiles
(DMP) of the white top-hat are obtained with
As interval between the profiles. The DMPs
are important in highlighting contrast
between high reflective rooftops and the shadows adjacent to the buildings. In Figure 5 all the 25 nos. of DPM
(§=25), that have been obtained from measuring variation of morphological profile values for each element in
SE are illustrated.

Considering the values of directionality and scale of the profiles (D=4 and S=25 in this case) MBI can be
calculated. Depending on obtained MBI value filtering of buildings can be performed by adjusting intensity
value in the final image. Using imadjust function the thresholding operation is performed that maps the
intensity values in final grayscale image in such a way that 1% of data is saturated at low and high intensities of
operated image to increase the contrast of the output image. In Figure 6 the final output image indicating
extracted buildings is shown along with input image.

Figure 4. Morphologically reconstructed image
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Figure 5. Differential morphological profiles (DMP) of the white top-hat
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High intensity building Low intensity roads

Figure 6. Comparison between final MBI based image and input image

All the buildings with high intensity relative to low intensity roads are extracted. Extracted buildings have
intensity greater than MBI value. Few buildings having intensity value more than MBI and situated at far field of
the image are being extracted through this process since most of them have low reflectance in the original
image. Due to non-zenith location of capturing platform side wall of some of the buildings are highlighted
along with high reflectance rooftops. The effect of variation in length of structure element (SE) plays a key role
since the structure of buildings to be extracted depends directly on it. For the second condition respective
values related to sizes of SE are chosen as Spyax = 45, Spmin = 2 and As = 4 . Comparison between two
morphologically processed output images associated with two SE arrays of different lengths are illustrated in
Figure. 7. The obtained results clearly indicates that reduction in number of scales have omitted some building
structures not fitted in the constructed new SE and that have been clearly indicted with arrow sign.

High intensity building Low intensity building
Figure 7. Comparison between two final MBI based images having (a) $=25 (b) $=12.

— Satellite based image of Chicago, lllinois, US

A satellite-based image of Chicago, lllinois, United States captured in April,2012 [21] has been considered for
the second case study. The image as shown
in Figure 8 has three visible bands along with
612X612  pixels. The image includes
buildings with variable structures, river, low
intensity roads, hard soil etc. This image is
captured from zenith position resulting in
almost uniform reflectance of the buildings
with different structured rooftops. The range
of pixels intensity lies within 3 to 255
referring low to bright extremnum. The values
of Spax: Smin and As are chosen as Sy =
50, S;pin = 2 and As = 2 for the present
study.

The number of scales is found to be $S=25.In
Figure 9 some of the eroded images (total 25
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erosion images) that have been obtained using morphological opening operation are shown. This erosion of
theinputimage is obtained using elementin SE in succession. Morphological reconstruction is performed using
imreconstruct function by passing two images as marker and mask. In reconstructed output image, all the
intensity fluctuations except the intensity peak have been removed which is illustrated in Figure. 10.

Figure 9. Eroded images obtained using morphological opening operation

Figure 10. Morphologically reconstructed image
Differential morphological profiles (DMP) of the white top-hat have been obtained over the length of linear SE
with As interval between the profiles to highlight contrast between high reflective rooftops and the shadows
adjacent to the buildings. Figure. 11 illustrates all the 25 nos. of DPM (5=25) for each element in linear SE.
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Figure 11. Differential morphological profiles (DMP) of the white top-hat
Depending on the obtained MBI value based on directionality and scale of the profile, intensity adjustment in
the final image has been performed to increase the difference between low and high intensities regions. In
Figure. 12 the final output image indicating extracted buildings is compared with the input image.
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Hich intensitv buildine Low intensitv roads Low intensitv water
Figure 12. Comparison between final MBI based image and input image.

All the buildings with higher values of MBI have been extracted relative to low intensity roads and water. In this
case most of the buildings are extracted since all of them have equal intensities in original image. High
reflectance rooftops of all the buildings have been filtered since capturing platform i.e,, satellite in this case is in
zenith position. Moreover, normalized difference vegetation index (NDVI) has not been considered since the
image under study contains less vegetation. It is applicable for the first case study also. In addition, total elapsed
time during the execution for the first case study is 15.7158 seconds and that of the second case study is 22.8519
seconds, which indicates the fast processing of this automated method. Since applications of solar panel is
increasing by leaps and bounds and installation areas like building roof tops are more preferrable, these
automated buildings can further be processed for identification of building roof tops.
4, CONCLUSIONS
In the present communication an automated method for building extraction based on Morphological Building
Index (MBI) and Differential morphological profile (DMP) has been elaborated along with different aspects e.g.,
variation of length of linear SE and the position of image capturing platforms. Length of SE is very important as
shape and sizes of the buildings to be extracted depends on it directly which have been reflected from the
above two case studies. Two types of remotely sensed images have been considered i.e,, satellite and droned
based having zenith and non-zenith positions of the capturing platforms. Effects of position of capturing
platform has been analysed since the buildings illustrates different position based reflectance. This method of
automatic building extraction requires less human intervention and processing time. However, images with
less vegetation have been taken for the present experiment that leads to non-implementation of normalized
difference vegetation index (NDVI) and also pave the way for future scope of work.
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