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EECICI G REN TN JIEEATEE Using UAV photogrammetry for corridor mapping in areas with

significant differences between their longitudinal and lateral dimensions reduces the geometric strength
of the imaging network and introduces numerous challenges. These challenges in UAV photogrammetry
lead to increased project time and costs, as well as higher errors in triangulation calculations. Several
parameters—such as the distribution and number of ground control points, camera calibration methods,
the number of flight strips, and the use of precise camera positions obtained from the Global Navigation
Satellite System (GNSS)—affect triangulation accuracy. This study examines the impact of these
parameters on triangulation accuracy in corridor areas.

The evaluation of parameters affecting triangulation accuracy was conducted on two corridor
areas with lengths of two and a half and five kilometers. In this research, three parameters—distribution
and number of ground control points, camera calibration methods, and photogrammetry software—were
examined on a single flight strip, and multiple flight strips were used solely to evaluate the impact of the
number of flight strips on triangulation accuracy. The results were assessed based on the root mean
square errors of planimetric and altimetric errors at the check points. In this study, the photogrammetry
software Pix4D and Agisoft Metashape were used for triangulation calculations.

The evaluation results regarding the impact of the distribution and number of control points

showed that using eight control points—distributed as follows: two points at the beginning, two points
at the end, two in the middle of the corridor (all opposite each other across the width), and two additional
points in between—can improve triangulation accuracy compared to other configurations. Additionally,
using the self-calibration method for the camera in triangulation calculations yields more accurate results
than using pre-calibrated cameras. Moreover, employing more than one flight strip increases the
accuracy of triangulation results.
By appropriately designing ground control points throughout the entire corridor and
applying the self-calibration method for camera calibration—without relying on precise image center
coordinates—it is possible to achieve an accuracy of less than one meter for producing engineering maps
at scales of 1:500, 1:1000, and 1:2000, with contour intervals of 0.5 meters, 1 meter, and 2 meters,
respectively.
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Table 2: Calibration Parameters Values for the Reference Project
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Table 3: The number of control and check points used in each scenario
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Fig. 3: Distribution of Control and Check Points in Scenarios One to Five Using Ten Points
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Table 4: Error values in check points in the first range with images with accurate geotag and without accurate geotag (in meters)
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Table 5: Error values at check points in the second range with images with accurate geotag and without accurate geotag (in meters)
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Table 6: Error values at check points obtained from the distribution of eighteen points over the second area with images without precise
geotagging (in meters)

X slas> Y slas Z slas S sl I sl gy )L

X error Y error Z error (Planimetric error) (Total error) (Scenarios)
0.38 0.62 0.95 0.73 1.73 (Scenario Eight) SR L;ﬁ)Lm
0.16 1.24 1.23 1.23 1.25 (Scenario Ninth) o S9o,lw
0.09 0.27 0.36 0.29 0.47 (Scenario Ten) &3 (59 ,Lw
0.09 0.15 0.75 0.18 0.77 (Eleventh scenario) w33 (59l
0.16 0.22 0.41 0.28 0.50 (Scenario 12) a33l95 (591 ,Lw
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Fig. 7: The point cloud generated by the C2C criterion from the third and first scenarios in the first range. a) third scenario. b) first scenario

(!

2850091

2490872

=
s T %
E
2437570 > < R
a o
3 ¢
- 3 k—
L0 & o @
S 2
@ F (o
° o &
1200 o 2 <
2 ) G
L o ;
o T
100785 z A
H v
m
t -
naso [
i
R—— " Il 356262
= e
oonoo0

ol salw (@ pow s lm () p90 Go0g05ms ;5 Sl g poms (52 ke 51 C2C Jlma L oads a gy (gabais pl A S
Fig. 8: The point cloud generated by the C2C criterion from the third and first scenarios in the Secend range. a) third scenario. b) first scenario



J. RS. GEOINF. RES. 3(1): 119-138, Winter & Spring 2025

(YY)

VFeF g 5 liuno o) ojlais oV il o S0 MBS 5 495 1 yimiw slo ity jy rale 4 pii

S Syl oo e ITD 9 S VVA o p 4 pgo (sodg00me
)L?.x.o d‘);ul 6‘)‘0 9 0.59.3 )JQQJ ‘5»; )|b5,o.§ (u:J‘—\ ’) 9 (QA”—%)
4 Camad C2C polio ol (SauSTy (goammoylis a5 cl 655,50
25 dibee Jgl gl jo ol o5 Cs D 0 5 0
Szl Shls 5 039 2S00 (owsS Jloged (07 0) 5 (=) slasis
C2C polie oS SasSly gowwsnlis o cuwl (658265 s
bl oo pom (S92 )l jo (2851 (VL CBs Azl )0 5 o 4y S

bl ol )0 C2C polie slo Jlgld 4y ool (o3l oS logel
9 (V) slaSs o ,38al; (googazma 50 52 50 pow g Jsl slog, L
15 gy L ol bl ol €2C ppolie Jlxe 3l ol 5 cpSiles 5 (V2)
Ok (V) Jgoz 9 (1) US54 a2 g5 b ool oa 0051 (V) Jgu
@ Jsl sodgaze ;5 pow 5 Jsl sl bl I 6l C2C ol
Q) J58 4 225 b pizpon adlioo o oIV g 2o /F7 sy
3 e 9 Jol sarsbow b Rl (6152 C2C ol :Sile (V) Jgur

(o > 52) Jsl 9 po (92, jo bl ol (61, C2C polie Lo Gl ol § o Sbo iV Jou
Table 7: Average values and standard deviation in the third and first scenarios (in meters)

(Firstarea) Jsl (go5gd2xe (Second area) pgo (so5gdx0 g\l
= . = R Scenarios
oeiles S Bl ol eiles Hlre Bl ( )
(Mean) (Standard deviation) (Mean) (Standard deviation)
0.46 0.33 1.18 1.13 (First scenario) Jol (593 )L
0.20 0.17 0.45 0.39 (Third scenario) g (g9 L
Gauss: mean = 0.202752 / std dev. = 0.170193 [360 classes] Gauss: mean = 0.460806 / std.dev. = 0.335477 (360 classes]
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Fig. 9: Gaussian fitted plot to the frequencies of C2C values in the point clouds of the first and third scenarios in the first range.
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Table 8: Total error values calculated at check points in the first and second range

(Secend area)pgs (sodg99me

((First area) Js| (go0ga5xe

g L

(Scenarios)

s o IS sl oolawl > jo S gl > o IS sl oolawl > o S gl
SR 00 0 5dlS” 90 wlgmog> 0 0 ISy je0
(Total error in self- (Total error using a (Total error in self- (Total error using a
calibration) calibrated camera) calibration) calibrated camera)
2.37 3.4 0.57 0.57 (First scenario)  Jol (sgs )L
2.29 2.9 0.45 0.51 (Second scenario) pgs (592 L
0.93 0.95 0.30 0.36 (Third scenario) pges (54 ,lims
1.08 1.3 0.45 0.55 (Fourth scenario) e,le> (592 ,Le
1.25 1.4 0.46 0.46 (Scenario Five) woxty (593 ,L
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Table 9: The values of height and planar errors in check points obtained from triangulation calculations in both Pix4D and Agisoft Metashape software

(Secend range) | pgs (sed9dxe

(Firstrange) | ol (so0g0xe

PSENE
Z U Y Uas- X Uas Z U Y Uas- X Uas
(Softwares)
Z error Y error X error Z error Y error X error
0.90 0.12 0.20 0.30 0.01 0.05 Pix4D
0.91 0.16 0.08 0.29 0.07 0.07 Metashape
F Value Evor |F |O&x |Oy K1 |2 |3 |P1 P2
Cox F |35036 86 1.00 | 024 [ 023 | 0.19 | 024 | 039 |085 [088
Coy Cx | 378182 054 1.00 | 0.18 | -006 (003 | 006 |018 |020
= Cy | 381555 042 100 | -0.05 [0.06 | 009 |016 018
K1 | -0.00356031 | 62005 100 |-086 |073 015|014
i K2 | -0.00348741 | 0.00017 100 | 097 | 021 |02
o 13 | 000348486 | 0.00014 100 |03¢ [034
T P1 | 000368711 | 1.1005 100 |063
T2 | | P2 |0.00565599 | 1.7e05 1.00
Pix4D

Agisoft Metashape

Js! godg9a 4 MetaShape 5 PixdD 1580 o 5 90 12 40 (amdidin Slowle 5l odal Cans a4y yguuml S (sl ol )b oolie 1V Y S

Fig. 11: Calibration parameter values obtained from triangulation calculations in both Pix4D and MetaShape software in the first area.
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Value Eor | F Cx |Cy |Ki1 K2 K |P1 P2
F | 352403 25 100 046 | 034 | 023 |0.19 | -047 | 063 |0.73
Cx | 455949 044 1.00 | 000 | 005 | 001 |-0.12 |0.15 [032
Cy | 104528 049 100 [013 |-0.15 | 027 |-024 | 027
K1 | -0.00461755 | 3e-05 100 | 095 (086 |-0.14 | -0.12
K2 | 0.00469739 | 7.50-05 100 | 094 | 042 |0.11
K3 | -0.00683771 | 6.4e-05 100 |-029 |-0.32
P1 | 0.00380903 | 3.7e-06 100 | 049
P2 | 0.00582252 | 6.1e-06 1.00
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Fig. 12: Calibration parameter values obtained from triangulation calculations in both Pix4D and MetaShape software in the secend area.
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Table 10: Error values at check points in scenarios one to five in the first range for different flight strip numbers (in meters)

lon Jle S Slsn Jls 9o ol 4w Slsn s e
(one flight strips) (Two flight strips) (Three flight strips) (Four flight strips) g\l
X Uas Y Uas Z Uas X Uas Y Uas Z s X Uas Y Uas Z Uas X Uas Y s Z U (Scenarios)
X error Y error Z error X error Y error Z error X error Y error Z error X error Y error Z error
Jsl sl
0.12 0.06 0.55 0.13 0.05 0.22 0.08 0.14 0.22 0.17 0.05 0.21
(First scenario)
P9 Sk
0.09 0.04 0.44 0.15 0.08 0.24 0.13 0.14 0.20 0.15 0.10 0.17
(Second scenario)
S5yl
0.07 0.07 0.29 0.04 0.01 0.19 0.11 0.12 0.14 0.03 0.05 0.13 fo= o5
(Third scenario)
polez )b
0.07 0.04 0.45 0.05 0.06 0.20 0.14 0.14 0.17 0.09 0.11 0.16
(Fourth scenario)
py Ssbw
0.07 0.04 0.45 0.09 0.06 0.25 0.11 0.09 0.24 0.07 0.02 0.20
(Scenario Five)
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Table 11: Error values at check points in scenarios one to five in the secend range for different flight strip numbers (in meters)
Slon s S ol 8 Slo s am SonlsJkez gy Lo
(one flight strips) (Two flight strips) (Three flight strips) (Four flight strips) (Scenarios)
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X error Y error Z error X error Y error Z error X error Y error Z error X error Y error Z error
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(First scenario)
£9° b
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Py S92,k
0.08 0.16 0.91 0.27 0.29 0.60 0.20 0.31 0.43 0.18 0.05 0.12
(Third scenario)
el sl
0.16 0.21 1.05 0.30 0.21 13 0.21 0.22 0.80 0.15 0.8 0.48
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Table 12: Specifications for the number and distribution of control points for mapping at different scales

el yudS (o) blas alold bl a3 (o) ol )l s Ol (Soeie ooleio
(Calibration) (Point Spacing) (Point Distribution) (Elevation Error) (Contour Interval) (Scale)
5 SIS Dyge 4y (o S5 LB @i
Ol - il 600 (P S5l 3le) 039 (3 )b 5 015 Sy s 1500
Self-calibration Distributing ground control points evenly ' Half a meter ’
and on both sides of the project (like the
third scenario)
§ SIS Dyge 4y (shaoj S5 LB @i
Sl yedS-Gals €00 (pyms S92 )lims 2Lo) 59 b5k 50 0.30 e o 11000
Self-calibration Distributing ground control points evenly ' Half a meter ’
and on both sides of the project (like the
third scenario)
§ SIS Dyge 4y (shaoj S5 LB @i
Ol -Gl €00 (po S5l 35le) 039 0 (3 )b 5 0.0 S Sy 12000
Self-calibration Distributing ground control points evenly ' One meter ’
and on both sides of the project (like the
third scenario)
§ SIS Dyge 4y (shaoj S5 LB @i
Ol -Gl 1200 (poms o2yl 2le) 0355 byl 5o 1 S 90 1:2000
Self-calibration Distributing ground control points evenly Two meters ’

and on both sides of the project (like the

third scenario)
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