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Studying the effect of ground control points numbers and
distribution patterns on the accuracy of photogrammetry surveying
using Drones

Dr.Wasswm Mossa*
Dr.Omar Alkhalil**
Raghad Ali***

ABSTRACT

With the rapid advancement of remote sensing technologies, unmanned
aerial vehicles (UAVs or drones) have become highly effective and
versatile tools for spatial data acquisition, particularly in the field of
photogrammetry. Among the most significant products derived from drone
imagery are orthophotos and 3D models of captured scenes. Orthophotos,
in particular, hold great value for surveying professionals, as they represent
geometrically corrected images free from distortions caused by camera tilt
or terrain variations, thus making them suitable for use as accurate
topographic maps.The accuracy of such drone-derived products is
influenced by several factors, among which the number and spatial
distribution of Ground Control Points (GCPs) play a critical role in
determining the quality of aerial triangulation and orthophoto outputs. This
study investigates the impact of this factor through six different scenarios
varying in the number and distribution of GCPs. Independent Check Points
were employed to evaluate the accuracy of both aerial triangulation and
the resulting orthophotos in each scenario. The findings demonstrated the
effectiveness of the Structure from Motion (SfM) methodology
implemented in photogrammetric software that utilizes drone imagery. The
study also highlighted the technical integration between photogrammetry
and Geographic Information Systems (GIS). Results showed that the
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scenario combining central and peripheral distribution of GCPs yielded the
highest overall accuracy, achieving a total aerial triangulation accuracy of
4.4 cm and a horizontal orthophoto accuracy of 2.6 cm.

Key words: Drones, Structure from Motion (SfM), Ground Control Points
(GCPs), Aerial Triangulation, Orthophoto.
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Normality Test Section of C1

Test Prob 10% Critical 5% Critical Decision

Test Name Value Level Value Value (5%)

Shapiro-Wilk W 0.8621022 0.2353636 Can't reject normality
Anderson-Darling 0.5554894 0.1518194 Can't reject normality
Martinez-l glewicz 0.999815 1.122942 1.187274 Can't reject normality
Kolm ogorov-Smirnov 0.1187579 0.132 0.144 Can't reject normality
D'Agostino Skewness 1.456802 0.1451709 1.645 1.96 Can't reject normality
D'Agostino Kurtosis -0.0223 0.982209 1.645 1.96 Can't reject normality
D'Agostino Omnibus 2.1228 0.345976 4.605 5.991 Can't reject normality
NCSS 2021, v21.0.3 05/12/2024 09:33:49 ¥ =
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Normality Test Section of C1
I

Test Name
Shapirc-Wilk W
Anderson-Darling
Martinez-lglewicz
Kolm ogorov-Smirnov
D'Agostino Skewness
D'Agostino Kurtosis
D'Agostino Omnibus

Test

Value
0.9644883
0.4184471
1.178126
0.07725589
-0.6329218
1.7016
3.2960

Prob 10% Critical 5% Critical
Level Value Value
0.2509044
0.328089
1.117294 1.178861
0.129 0.14
0.5267847 1.645 1.96
0.088835 1.645 1.96
0.192439 4.605 5.991

Decision

(5%)

Can't reject normality
Can't reject normality
Can't reject normality
Can't reject normality
Can't reject normality
Can't reject normality
Can't reject normality
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Normality Test Section of C1

Test Prob 10% Critical 5% Critical Decision

Test Name Value Level Value Value (5%)

Shapiro-Wilk W 0.9454949 0.1072889 Can't reject normality
Anderson-Darling 0.5252379 0.1807754 Can't reject normality
Martinez-lglewicz 1.133744 1.140086 1.214189 Can't reject normality
Kolm ogorov-Smirnov 0.1344127 0.142 0.154 Can't reject normality
D'Agostino Skewness 1.053076 0.2923064 1.645 1.96 Can't reject normality
D'Agostino Kurtosis 1.7485 0.080384 1.645 1.96 Can't reject normality
D'Agostinoe Omnibus 4.1881 0.124550 4.605 5.991 Can't reject normality
NCSS 2021, v21.0.3 05/12/2024 09:39:37 ¥ o=
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Normal Prabability Plot of G1
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Normality Test Section of C1

Test Prob 10% Critical 5% Critical Decision

Test Name Value Level Value Value (5%)

Shapiro-Wik W 0.9522288 0.1138632 Can't reject normality
Anderson-Darling 0.6587576 0.08502924 Can't reject normality
Martinez-lglewicz 0.9906024 1.122942 1.187274 Can't reject normality
Kolm ogorov-Smirnov 0.1262399 0.132 0.144 Can't reject normality
D'Agostino Skewness 1.581648 0.11373 1.645 1.96 Can't reject normality
D'Agostine Kurtosis -0.1505 0.880356 1.645 1.96 Can't reject normality
D'Agostinc Omnibus 2.5243 0.283050 4.605 5.991 Can't reject normality
NCSS 2021, v21.0.3 21/01/2025 10:06:42 ¥ oa
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Normality Test Section of C1

Test
Test Name Value
Shapiro-Wilk W 0.9523737
Anderson-Darling 0.7255501
Martinez-lglewicz 1.212208
Kolm ogorov-Smirnov 0.08617918
D'Agostino Skewness -1.516366
D'Agostino Kurtosis 1.5105
D'Agostino Omnibus 4.5809
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Prob

Level
0.09880377
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10% Critical
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1.117294
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1.645
4.605

5% Critical
Value

Decision

(5%)

Can't reject normality
Can't reject normality
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Can't reject normality
Can't reject normality
Can't reject normality
Can't reject normality
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