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Error assessment of distance measurement by small, low-cost unmanned aerial

vehicles without real time kinematic point
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Abstract
The application of unmanned aerial vehicles (UAVs) in various fields has gained global recognition, particularly
in civil engineering projects where they play a significant role. In tasks such as rapid surveying and resource-efficient
operations, small-sized, cost-effective UAVs have become instrumental. This research aims to propose a methodology
for assessing distance measurement accuracy using small-sized, low-cost UAVs, eliminating the need for costly Real
Time Kinematic (RTK) satellite signal receivers, diverging from previous studies that often-required extensive

resources and complex procedures. The research methodology involved three key steps: 1) Building a geometric
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shape distance measurement model consisting of three shapes: triangle, square, and pentagon 2) Defining the lengths

of each side randomly, ranging from 34-38 meters and 3) Measuring the lengths using a tape measure and comparing

the results with measurements obtained through image processing from aerial photographs at an altitude of 90 meters.

The testing was conducted in an obstacle-free, flat terrain. The comparative analysis revealed that the average

measurement errors for triangle, square, and pentagon shapes were 0.12, 0.15, and 0.14 meters, respectively, or

0.98%, 0.43%, and 0.37% in percentage terms. These discrepancies may be attributed to unclear reference points in

certain positions within the images. However, when compared to human-based measurements, the UAV measurements

demonstrated minimal motion, making them suitable for preliminary surveying work.

Keywords: unmanned aerial vehicles, survey, distance measurement, real time kinematics point
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Figure 1 Errorassessment of distance measurement
by small, low-cost UAV without RTK point

concept process.
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Figure 2 Measuring tape 50 meters certified by

Central Office of Weights and Measures.
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on the sides (sidelap) (Boonlue, 2018).
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Figure 4 DJI brand Phantom 4 advanced series

of UAV.
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Figure 6 Result images in square case with  Figure 7 Result images in pentagon case with

Agisoft Metashape. Agisoft Metashape.

Table 1 Standard UTM coordinate (easting, northing) in triangle case, square case and pentagon case.

standard UTM coordinate (meter)

mark point triangle case square case pentagon case
easting northing easting northing easting northing
A 619397 1627484 619414 1627489 619419 1627489
B 619422 1627456 619422 1627456 619422 1627456
C 619387 1627447 619387 1627447 619387 1627447
D - - 619379 1627480 619375 1627483
E - - - - 619391 1627514

AN (Table 1) WAADINWUARNTA standard  Tuusiazandnsdalaanivunduan A De E auau
UTM coordinate (easting, northing) #l#annn1s 590 189N UAAMRN NUNRIUALHN LAz NuP

tszunanamialilsunsy Agisoft Metashape  ¥udeN ANANFU
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Table 2 Comparative analysis of measurement results between the Agisoft Metashape program and

tape measure: A case study on triangles.

measure length (meter)

error assessment

mark point ¢
tape measure (A) Agisoft Metashape (B) meter (C) percentage - X 100
3Ato 3B 38.80 38.70 0.10 0.26
3Bto 3C 36.75 36.60 0.15 0.41
3Cto 3A 38.82 38.70 0.12 0.31
average 0.12 0.98
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Table 3 Comparative analysis of measurement results between the Agisoft Metashape program and

tape measure: A case study on square.

measure length (meter)

error assessment

mark point c
tape measure (A) Agisoft Metashape (B) meter (C) percentage - X 100
4Ato 4B 34.10 34.00 0.10 0.29
4B to 4C 36.75 36.60 0.15 0.41
4C to 4D 34.37 34.20 0.17 0.49
4D to 4A 36.19 36.00 0.19 0.53
average 0.15 0.43

91N (Table 3) WAAADNNITHANNTUTTHAANA

wangaInaInIAswlFALdU Ausuansy
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Table 4 Comparative analysis of measurement results between the Agisoft Metashape program and

tape measure: A case study on pentagon case.

measure length (meter)

error assessment

mark point c
tape measure (A) Agisoft Metashape (B) Meter (C) percentage 5 X 100
5A to 5B 34.22 34.10 0.12 0.35
5B to 5C 36.75 36.60 0.15 0.41
5C to 5D 38.40 38.30 0.10 0.26
5D to 5E 35.44 35.30 0.14 0.39
5E to 5A 38.17 38.00 0.17 0.45
average 0.14 0.37
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Table 5 Comparison of average camera location error in geometric figure.

geometric figure ground resolution (cm./pix.)

camera location error (cm.)

X error Y error
4 2.46 23.64 28.30
5 2.44 32.61 32.79
6 2.44 44.67 40.81
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