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Abstract

The demand for map updating is increasing especially for developing countries. Therefore, rapid data acquisition of an urban area is
needed. This study proposes unmanned platform as one of the solutions for rapid data acquisition to update the map for developing coun-
tries. The objective of this study is to perform the extraction of building footprints using fixed-wing unmanned aerial vehicle (UAV) and
multi-rotor UAV. All images acquired from both UAVs were processed using different image matching algorithms to perform relative
orientation. The building footprints were extracted based on different orthophoto results. The building footprints were evaluated in terms
of area and length. The results show the area based matching method records the accurate result in term of area and length assessment
which are about 13m? and 1.4m respectively. The results also show the multirotor provides the accurate results compared to fixed wing
platform. The outcome could be used for specific applications such as urban expansion changes and land cover change detection.
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1. Introduction

The roles of building footprints from imagery or Digital Surface
Model (DSM) data include three-dimensional (3D) building model
generation, map updating, urban planning and reconstruction and
infrastructure development. The process of data collection to ex-
tract building footprints is laborious and time-consuming. The
extraction of building data from remotely sensed data is hard due
to the character of city environments [4], [6], [9]. Thus, automatic
techniques are needed in order to efficiently extract building foot-
prints from large urban areas that contain a lot of buildings. Many
automatic techniques have been created within the last few years
using different data resources. There are processes done using
spectral reflectance values on aerial and high-resolution satellite
imagery, however, those techniques frequently encounter prob-
lems due to imaging radiometry of optical sensors when similar
spectral reflectance of the ground occurs [3]. Building roofs are
constructed from different materials with distinct colourations that
prompt similar spectral reflectance of building roofs with other
items on the ground. Thus, it leads to incorrect extraction of build-
ings [2], [8]. The layer of buildings is a key reference dataset. It is
important to have an up-to-date, current and complete building
information. Government agencies and the private sectors are
spending millions each year to collect building footprint informa-
tion from aerial photography [7]. The UAVs provide a high-
resolution data that can be adjusted according to the desired over-
lap and sidelap of image and their operations can be affected by
the wind [1], [10]. Different platforms were used in this study,
namely, fixed-wing UAV and multi-rotor UAV, and the results of
both UAVs were analysed.

Extraction of building footprint depends on image resolution.
Resolution is defined as the linear dimension of the cell times two

(diagonal). There is no scale for a grid map, only a resolution.
Graphic representation on a computer screen or printer with one or
more pixels (picture elements) includes the smallest areas of the
display device that can receive a separate graphic treatment (col-
our or intensity) [5], [11], [13]. A graphic scale depends on the
actual size of the image on the output device compared to the fea-
ture being represented. Therefore, ground sampling distance is the
relation between the measurement on the image and on the ground.
A stereoscopic aerial photograph could provide accurate planimet-
ric coordinates of orthophoto and also height coordinate based on
a digital terrain model [12]. This study analysed different algo-
rithms in image matching to perform relative orientation in order
to extract building footprints from the selected study area.

2. Data and Materials

Methodology is the most important part of a study. The methodol-
ogy for this research is divided into four phases. Phase 1 is data
preparation which includes camera calibration, UAV calibrations
and selection of study area. Phase 2 comprises data collection in
the study area including flight planning and acquisition of UAV
images. Phase 3 is data processing of all photogrammetric soft-
ware. This phase also explains the use of three different image
matching algorithms to perform relative orientation for stereo
model. Phase 4 covers the analysis of data. The overall methodol-
ogy illustrates the entire process from preliminary study to data
processing and finally the results of this study. Phantom 3 Profes-
sional was used for image acquisition for multi-rotor UAV and
eBee was used for fixed-wing UAV. All acquired images were
processed using photogrammetric software. Altizure was used to
create the flight planning for capturing image using multi-rotor
UAV. The altitude was set at 100 m, while the overlap was 70%
and the sidelap was 50%. The reason using these percentages to
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overcome the wind effect during the image acquisition to maintain
the overlapping images. The overlapping images is very important
in photogrammetric image processing to perform image matching
for relative orientation. The calculation of distance between strips
is described in Equation 1.

DS=G-(Gx9) 1)

where;

DS = Distance between strips
G = Ground Coverage

S = Percentage of Side lap

In this study, the calibrated focal length is 3.75mm. Therefore, the
total flight lines were four, while the time needed to fly to capture
the entire photo was 9.34 minutes. The area was 572 m x 195 m
and the speed of the UAV was 5m/s. Figure 1 shows the flight
planning created using Altizure.

QF va

U RS
HalL o [

Disconnected
GOy
& 0]

Once data collection is completed, the next stage is data process-
ing, where all acquired images will be processed. All images ob-
tained during data acquisition will be imported to photogrammet-
ric software. Then, all images will be automatically set in their
position because the images are geotagged with coordinates during
image acquisition. The alignment of images is divided into high,
medium and low. All results will then be divided into these three
categories. The high category involves the calculation of four
corners of the digital images plus one coordinate at the centre. The
medium category involves the calculation of two corners of the
digital images plus one coordinate at the centre. The low category
only uses the coordinate at the centre to align the images. Figure 2
illustrates the three methods used in this study to align the images.

@ (b) ©
Fig. 2: Image Alignment Methods; a) High, b) Medium, c) Low

After importing all images into the software, they will be self-
oriented. The image matching algorithm used in this study con-
sists of three methods, namely, feature-based matching, area-based
matching and relational matching. However, epipolar resampling
must be performed because visualisation of the stereoscopic model
whose images have been acquired with appreciably different an-
gles can be tedious for operators. This is so because the two im-
ages have two different scales and orientations. The performance
of the image matching technique is also degraded by this type of

image. The epipolar resampling is solved when the point on the
left image and conjugate point on the right image from two per-
spective centres have epipolar axis and focus on one point on the
ground where all points must be located in the same plane. Once
the condition has been fulfilled, image matching can be per-
formed. The algorithm for the three image matching methods is
described in Equations 2-4.

Cross correlation for area based matching

p= Z((gTA_qTA)'(gSA_gsA))
V2 (@ =) Y (95— Tsn)?) ?

where;

g =grey value (density) in a position

g = arithmetic mean of the grey values (densities) in that win-
dow.

TA = Target Area, the template.

SA = Search Area, the matching window

Moravec operator for feature based matching

Mo = Z((g(r,c) - g(i,j))z)

" ®

Relational matching is based on relationship between objects (dis-
tances, angles, collinearity)

d = (3x*+ 3y?) @

where;
d = distance

@x = difference in x
8y = difference in y

After the images have been imported, they will be aligned. Then,
Place Markers for Ground Control Points (GCPs) will be marked
in the images. Afterwards, three different image matching meth-
ods will be applied to build dense cloud, followed by triangular
irregular network to create a surface on each of the three points,
and generate Digital Terrain Model (DTM) and orthophoto. There
are six GCPs to be marked in the images. The GCPs are estab-
lished using Rapid Static method and the observation time is 20
minutes. As for the Digital Surface Model (DSM), DTM and or-
thophoto can be obtained using the photogrammetric software,
then, the results will be processed using ArcGIS to build extrac-
tion. From the generated DSM and DTM, the parameters that will
be considered to distinguish a building from other features are
height and area. The range of height used for extraction is between
30 to 50m. Smaller features that may be extracted as buildings can
be resolved by filtering the extracted features according to the
area. The range of area used for extraction is between 1200 to
2000m2. The final step for building extraction is the simplification
of the polygons extracted to eliminate irregular shaped features.

3. Results and Analysis

Photogrammetric software was used to process the images and
three different image matching algorithms were used, as men-
tioned in the methodology section. Each type of accuracy was
used in this study to see the effects on the results. DTM, DSM and
orthophoto were the results obtained each time the UAV images
were processed by the photogrammetric software. Figure 3 illus-
trates the examples of orthophoto, DSM and DTM in the study
area.
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Fig. 3: Results; (a) DTM, (b) DSM, (c) Orthophoto

DTM, DSM and orthophoto were processed using a third party
software to extract the building footprints. The building footprints
were extracted based on the outcome of subtraction between DSM
and DTM, filtration of the height range and area of the desired
building and lastly simplification of building polygons. Analysis
on the area and length can be assessed after the extraction process
is completed, and the area and length can be measured using tools
in the third party software. Figure 4 illustrates the examples of
extraction of building footprints.

Fig. 4: Some Example on Building Footprints

Figure 5a describes the root-mean-square-error (RMSE) of the
measurement of the area in high alignment category using three
different image matching methods for multi-rotor and fixed-wing
UAVs. The differences in the RMSE results between multi-rotor
and fixed-wing UAVs for area-based matching method, feature-
based method and relational matching are 4.443m? 11.149m? and
14.303m?, respectively. The type of UAV and the three different
image matching methods influence the measurements of area.
Figure 5b describes the RMSE of the measurement of the area in
medium alignment category using three different image matching
methods for multi-rotor and fixed-wing UAVs. The differences in
the RMSE results between multi-rotor and fixed-wing UAVs for
area-based matching method, feature-based method and relational
matching are 5.375m2, 9.671m? and 6.334m?, respectively.
=0, 9434

Area based feature based relational
matching matching matching

() os

50

=R N W W Em s
Lo v o ;oo

Residual Mean Square {m sq)
=
[en]

m Fixed wing

m Multirotor

(®) 70

Residual Mean Square (msq)
9%}
wn

relational
matching

Area based feature based
matching matching

m Multirotor = Fixed wing

() as

Residual Mean Square (m sq)
B
(=]

relational
matching

Area based feature based
matching matching

m Multirotor m Fixed wing

Fig. 5: RMSE of Area; (a) High, (b) Medium, (c) Low
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Figure 5c describes the RMSE of the measurement of the area in
low alignment category using three different image matching
methods for multi-rotor and fixed-wing UAVs. The differences in
the RMSE results between multi-rotor and fixed-wing UAVs for
area-based matching method, feature-based method and relational
matching are 4.785m?, 0.644m? and 3.487m?, respectively. Based
on Figure 5, it can be seen that the low alignment method pro-
duced the smallest difference among the three different image
matching methods using fixed-wing and multi-rotor UAVS. The
high alignment category generated the biggest difference between
multi-rotor and fixed-wing UAVs for all three different image
matching methods. Figure 6a describes the RMSE of the meas-
urement of length in high alignment category using three different
image matching methods for multi-rotor and fixed-wing UAVS.
Based on Figure 6a, the differences in RMSE results between
multi-rotor and fixed-wing UAVs for area-based matching
method, feature-based method and relational matching are 93mm,
2mm and 77cm, respectively.
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Fig. 6: RMSE of Length; (a) High, (b) Medium, (c) Low

Figure 6b describes the RMSE of the measurement of length in
medium alignment category using three different image matching
methods for multi-rotor and fixed-wing UAVs. The differences in
RMSE results between multi-rotor and fixed-wing UAVs for area-
based matching method, feature-based method and relational
matching are 0.642m, 0.597m and 0.361m, respectively. Figure 6¢
describes the RMSE of the measurement of length in low align-
ment category using three different image matching methods for
multi-rotor and fixed-wing UAVs. The differences in RMSE re-
sults between multi-rotor and fixed-wing UAVs for area-based
matching method, feature-based method and relational matching
are 0.285m, 0.623m and 0.087m, respectively. Based on Figure 6,
it can be seen that high alignment category generated the smallest
RMSE difference among all three image matching methods using
multi-rotor and fixed-wing UAVS. This is contrary to the assess-
ment on the area as the low alignment category gave the smallest
difference. Besides, the area-based matching showed the lowest
accuracy compared to other image matching methods.

4. Conclusion

The extraction of building footprints was successfully done using
ArcGIS. The area and length measurements were compared with
the actual data using the existing layout plans. It shows the com-
parison of building footprints by using multi-rotor and fixed-wing
UAVs. The effects on the results from each accuracy were suc-
cessfully analysed. In this study, building extraction was per-
formed using NDSM generation, followed by extraction by height
and area, raster to vector conversion and lastly building simplifica-
tions. Based on the RMSE results, it can be said that, the assess-
ment on the area provided the smallest difference for low align-
ment category, while the assessment on length produced the
smallest difference for high alignment category. The area-based
matching method generated the lowest accuracy compared to fea-
ture-based and relational matching methods. Overall, measure-
ments of multi-rotor UAV were much closer to the measurements
of the existing layout plans compared to the measurements of
fixed-wing UAV.
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