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EECCITERE o SR The urbanization occurs everywhere, especially in developing

countries and is the process of changing the social order and transforming the landscape of a city.
However, urbanization always leads to the growth of slums or informal settlements. The
development of urban areas with dense and complex slum areas requires extensive planning and
very accurate and reliable information. The process of collecting data using traditional methods is
time-consuming and expensive.

Remote sensing is used to identify, identify and monitor slum settlements in space and
time and better understand the physical effects of slums. But due to the complexities of the slum
areas and the spatial resolution of satellite images, it is not possible to use satellite images to
prepare accurate maps with high details. With the emergence of unmanned aerial vehicle (UAV) as
an imaging platform and the use of these images for aerial photogrammetric mapping of UAVs, its
applications in various fields have increased day by day. Due to their portability, accuracy, low cost,
and high imaging speed, UAVs have attracted attention in many research fields to obtain the latest
information about target areas. Due to the use of non-metric cameras in UAV photogrammetry,
camera calibration is necessary is carried out in the UAV image processing software using the
bundle adjustment technique. However, the conventional aerial photogrammetry imaging
structure, i.e. obtaining vertical images with overlaps, due to the dependence between the camera
calibration parameters and the external orientation parameters of the camera, cannot achieve high
accuracy in the 3D maps. In addition, due to the low height of UAV images, more hidden areas are
created in the 3D photogrammetric model. In this research, vertical and oblique UAV images with
angles of 30 and 45 degrees were used to prepare a three-dimensional map of the slum area with
high density and complexity, and the accuracy of the vertical and oblique images was evaluated
using control points in the study area.

The high resolution of UAV images and the generated orthomosaic makes it possible to
recognize details and provides a better understanding of the earth's features. For example, walls
with a thickness of ten centimeters and power lines with a thickness of two centimeters can be
seen. As a result, urban planners can determine the boundaries of buildings with high accuracy and
produce cadastral maps with high accuracy. Oblique images are distinguished by a wider field of
view than vertical images. It is also possible to see areas hidden under obstacles such as plants,
buildings and narrow alleys. This feature provides high accuracy that can be used in projects that
require detailed descriptions, such as cultural heritage protection projects and urban projects that
require details such as building facades and height estimates.

In this research, vertical and oblique UAV images were used to prepare a 3D map of
the slum area, and based on the results, the total error of oblique images is 6.2 and 8.3 cm for
oblique images with angles of 30 and 45 degrees, respectively. While the total error of vertical
images is equal to 16.1 cm. This comparison shows the superiority of the accuracy of oblique images
compared to vertical images.
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Table. 1: UAV camera specifications

Camera Model Resolution Focal Length Pixel Size

Test_Pro (10.26mm) 5472 x 3648 10.26 mm 2.41x2.41pm
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Fig. 5: Oblique image sample (45-degree angle)
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Table 2: Camera calibration parameters
Value Error F Cx Cy K1 K2 K3 P1 P2
F 2572.12 7.1 1.00 -0.76 -0.57 -0.43 -0.68 0.91 0.79 -0.64
Cx 56.409 0.1 1.00 0.44 0.32 0.53 -0.70 -0.51 0.49
Cy -24.1578 0.074 1.00 0.25 0.39 -0.52 -0.45 0.45
K1 -0.002685 3.2e-05 1.00 -0.35 -0.05 -034 0.27
K2 -0.003354 5.6e-05 1.00 -0.92 -0.54 0.44
K3 0.002229 4.1e-05 1.00 0.72 -0.59
P1 0.001260 4.5e-06 1.00 -0.52
P2 -0.000615 2.6e-06 1.00
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Fig. 7: Digital Elevation Model
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Fig. 8: Orthomosaic
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Table 3: Mean error of camera centers for vertical images

Total error

(m)

X error (m) Y error (m) Z error (m) XY error (m)

2.4 34 30.2 4.2 30.4

oas oals Lis ¥ Jeaz 10 3B pglas 5l o) JS blas glas
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Table 4: Errors in GCPs for vertical images
Label X(i::))r Y(i::)’r z(i::)’r Total (cm)
1 4.7 1.7 9.1 10.4
4 6.3 -4.4 -14.2 16.2
8 -1.7 4.7 27.4 27.9
10 -0.006 -2.2 -12.7 12.9
11 1.7 -0.6 -16.1 16.2
15 4.1 1.7 5.5 7.1
18 -3.2 -0.4 16.5 16.9
21 -5.9 -4.0 -10.8 12.9
24 -6.1 34 14.1 15.8
Total 4.3 3.0 15.2 16.1
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Fig. 9: Details in vertical images
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Table 5: Mean error of camera centers for oblique images (30-degree angle)

X error (m) Y error (m) Zerror (m) XY error (m)  Total error (m)

3.1 1.9 3.5 3.7 5.1
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Table 6: Mean error of camera centers for oblique images (45-degree angle)

X error (m) Y error (m) Zerror (m) XY error (m) Total error (m)

2.0 17 3.0 2.6 4.0
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Table 7: Errors in GCPs for oblique images (30-degree angle)

Label X error (cm) Y error (cm) Zerror (cm) Total (cm)
1 31 -2.2 -4.0 5.5
4 11 -1.6 -2.43 3.1
8 15 1.6 6.2 6.7
10 0.0 -4.0 -1.7 4.4
13 33 1.9 -7.7 8.6
16 -0.3 2.0 2.6 33
18 -1.9 -1.4 4.2 4.8
22 0.2 0.1 -4.8 4.8
24 -7.0 3.6 7.6 11.0

Total 2.9 2.3 5.0 6.2
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Table 8: Errors in GCPs for oblique images (45-degree angle)

Label X error (cm) Y error (cm) Zerror (cm) Total (cm)
1 45 1.6 -6.6 8.2
8 -0.7 -2.2 3.8 4.5
13 5.6 15 -8.9 10.7
18 -2.2 -2.8 5.2 6.3
24 -7.3 1.9 6.6 10.0
Total 4.7 2.1 6.5 8.3
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