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Abstract

Photogrammetry is essential for producing various maps worldwide.
Due to the high cost of aerial photography from traditional airplanes,
countries — especially developing ones — have moved away from
implementing photogrammetry projects in close periods. Photogrammetry,
using unmanned aerial vehicles (UAVs), is one of the modern methods for
providing high-resolution spatial data at lower costs than other methods
such as manned aerial surveillance, satellite imagery, and global

positioning system (GPS).
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Thus came the study of using drones in producing digital maps of the
Salmiya area in Kuwait as a case study; to demonstrate the importance of
drones in producing digital maps and updating urban data for the study area.
This in turn helps in producing aerial images (mosaics) in addition to

producing a network of point clouds (Lidar).

The research concludes with the production of a 4cm spatially accurate
aerial mosaic image, in addition to the production of high relative accuracy
digital maps using unmanned aerial vehicles. Where the mean squared error
(RMSE) on the X-axis was about 0.00274, about 0.0033 on the Y -axis, and
about 0.0059 on the Z-axis. On the other hand, in the global positioning
system (GPS), the mean squared error (RMSE) on the X-axis was about
0.14, and the Y-axis was about 0.15 when compared to a satellite image
(World View 2022, 50cm). This indicates the high accuracy and reliability
of drones in aerial photography in academic studies, scientific research,

engineering, and geographical projects.

Keywords: UAVs, Digital Cartography, Aerial Photos (mosaic), Lidar.
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5.755 3247707.39 | 509296.35 | 5.68 || 3247707.37 || 509296.36 | 1 1
4.973 3247896.05 | 509509.94 | 5.05 | 3247896.03 | 509509.95| 1 2
5.056 3247918.65 | 509698.07 | 5.05 | 3247918.64 | 509698.07 | 1 3
5.877 3248194.17 | 509373.45 | 5.95 | 3248194.16 | 509373.49| 1 4
4.957 3248044.59 | 508910.91 | 4.93 | 3248044.60 | 50891090 1 5
5.108 3246980.63 | 509381.32 | 5.14 | 3246980.64 | 509381.32| 1 6
7.196 3246644.71 | 508447.42 | 7.16 | 3246644.76 | 508447.43 | 3 7
5.069 3246984.09 | 508131.59 | 5.04 | 3246984.08 | 508131.60| 3 8
4.604 3247260.07 | 508626.09 | 4.61 | 3247260.05 | 508626.08| 3 9
4.680 3247408.08 | 508905.24 | 4.67 | 3247408.07 | 508905.23| 3 10
5.096 3247074.48 | 508815.37 | 5.10 | 3247074.49 | 508815.36| 3 11
5.013 3246978.54 | 508490.00 | 4.96 | 3246978.54 | 508490.00| 3 12
6.351 3245374.40 | 507856.29 | 6.38 || 3245374.43 | 507856.30| 8 13
6.438 3245695.83 | 507268.61 | 6.51 || 3245695.88 | 507268.64| 8 14
5.859 3246173.03 | 506730.78 | 5.87 | 3246173.04 | 506730.77| 8 15
5.788 3246266.21 | 507021.46 | 5.91 || 3246266.19 | 507021.45| 8 16
5.808 3245998.31 | 507570.46 | 5.82 | 3245998.26 | 507570.46| 8 17
5.653 3245302.05 | 508188.58 | 5.74 | 3245302.10 | 508188.54| 8 18
11.260 | 3244406.85 | 505302.07 | 11.29 | 3244406.88 | 505302.03| 12 19
11.398 | 3244849.16 | 505035.96 | 11.41 | 3244849.16 | 505035.91| 12 20
12.022 | 3245834.81 | 504277.00 | 12.00 | 3245834.80 | 504276.99| 12 21
10.055 | 3246031.79 | 504836.91 | 10.06 | 3246031.78 | 504836.94| 12 22
12.450 | 3245612.75 | 504852.87 | 12.46 | 3245612.76 | 504852.87 | 12 23
9.983 3245149.91 | 505244.61 | 9.96 || 3245149.91 | 505244.62 | 12 24
9.381 3245205.79 | 505554.19 | 9.41 || 3245205.85 | 505554.20| 12 25
9.119 3244676.69 | 505717.87 | 9.15 || 3244676.69 | 505717.87 | 12 26
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0.353 | 0.337 | 3247260.07 | 508626.09 | 3247260.05 | 508626.08 | 3 | 9
0.033 | 0.585 | 3247408.08 | 508905.24 | 3247408.07 | 508905.23 | 3 | 10
0.297 | 0.444 | 3247074.48 | 508815.37 | 3247074.49 | 508815.36] 3 | 11
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4.065 9.82 5.755 | 3247707.39 | 509296.35 | 1 1
4.827 9.8 4973 |3247896.05 | 509509.94 | 1 2
4.744 9.8 5.056 | 3247918.65 | 509698.07 | 1 3
3.603 9.48 5.877 |3248194.17 | 509373.45| 1 4
4.343 9.3 4957 |3248044.59 | 508910.91 | 1 5
4.262 9.37 5.108 | 3246980.63 | 509381.32| 1 6
1.884 9.08 7.196 | 3246644.71 | 508447.42 | 3 7
4.021 9.09 5.069 | 3246984.09 | 508131.59 | 3 8
5.386 9.990 4.604 | 3247260.07 | 508626.09| 3 9
4.81 9.490 4.680 | 3247408.08 | 508905.24| 3 10
4.374 9.470 5.096 |3247074.48 | 508815.37| 3 11
4117 9.130 5.013 | 3246978.54 | 508490.00 | 3 12
1.449 7.8 6.351 | 3245374.40 | 507856.29| 8 | 13
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3.01 (MAE) (slhal) Usdl) Jau ia

1.67 (MSE)Uil) a3 10 bau g

1.47 Standard Deviation _tzal) il a2

253 (RMSE) 22 Al Uail) bai g

Ailiag A2 palal) Aagally Sl 03 Al b g V) Ll Al () o) Json
Aadlidl

Oalid Cpua D gaaa / A2 Y~Yf;igm\~'le§.)a.\a.“



(G283 sl - ) 408 Una

‘éﬁ_ \ el A ) b 5 5 el R
W ey S Ay Agalladd) dilaia e Al A 0

bk 3.}:“\39) PR 43@.&\‘3‘9‘431\@Jg}awq«:\yu\g&&mﬂ\hth&_o

(A

g g i 481K, Jai) ) L] b dagall ol s o Zya il 4,y gl dalisall ygins

A Hlie Agia ) Dl B 8 o jliiall o382 (e alladl J g0 Adle eyl 8 (L] A llal) Aall
MicroStation, Image Gmu).,, ddan) o Aatiidll Lalail) oda ("\&‘“‘ ) Al jall Cars @lldl
gV Zasad 48y bl &5 e (8 (Vo0 8 ¢ Cy oSl Apaly (o085 (552 5al ) analyst
Jalaill o) o) dms (Y0) a8, IS5 kil ¢ Juka (s Gl il e Ul (DEM) (<80
Ssx Z ssaa G lhall Uil Jangia gy ¢ 9090 483 ik (1) o) Jsaa o Jlany)
zmis. 0.267 o kel Gl a5 ¢ 0,159 Jsa (orw il Uadll daw 5ia 5 <0.476
O bl Cal iV s a5l Uadldl s Slhaall Undld) cildass i ¥ ane gl O (s Laa
A8l e da lee %) iy Vs L pia e 5y Sl il 5 glEl (5 o)y gusal
Lalall a1 5 el Jall 8 Lgde alaie W g 5 Al saail) (e e lii Y a8 A la)

A jrall s dpntigh o Uil L ALYl

503500 505000 506500 508000 509500
©
X AN
2 - 7 2
4 9 E
ey o ‘ . g
w’éj o amy W
N UP. " A g
~ “ - . & ‘:.
= A i
A
s s
g K g
g f g
-
/‘/)/ "
gl b = =
gl :
o
6B Sy iy . i
> 7 5
2 oA - 1,41 [] i
3l 7J vt -eva [ F *
# % m b gt il pillal) G A LAY vy [ ‘
\ vwaani 0 L
i ! ! f
g el . \EBLIRRNEN | f = g
3 i P 0 025 05 1 1.5km | 4 3
503500 505000 506500 508000 509500

Cle Y1 7 3sad aa (aall)iaay¥1 dag )l Balasl _aheall agysill (Y4) a8y JSG
(Yoot el dal) cadall goall ppaill e slaeYh Gl Jee (e jaadll

Oalid Cpua D gaaa / A2

Y~\'\”;i..gm\~1¢.§)a.\a.\\




B30 Faals - YD 2 Al

) A1) Ja30 AN ) B 359 50" 5 hasadl il S ) g0
m@s’ iy oK1 4153y Agallal) A Lo Al Aol

Y i s 5 5
gUIY) b 32 @ ):\\);L.kn ('uz)&:j:‘\ M 8 o | L
0.255 5.500 5755 | 3247707.39 | 509296.35] 1 | 1
0.393 4.580 4.973 | 3247896.05 | 509509.94| 1 | 2
0.736 4.320 5.056 | 3247918.65 | 509698.07| 1 | 3
1.103 6.980 5.877 | 3248194.17 | 509373.45] 1 | 4
0.357 4.600 4.957 |3248044.59 50891091 1 | 5
0.312 5.420 5.108 | 3246980.63 | 509381.32] 1 | 6
0.126 7.070 7.196 | 3246644.71]508447.42] 3 | 7
0.249 4.820 5.069 | 3246984.09 | 508131.59| 3 | 8
0.674 3.930 4.604 | 3247260.07 ] 508626.09) 3 | 9
0.34 4.340 4.680 | 3247408.08 | 508905.24| 3 | 10
0.226 4.870 5.096 | 3247074.48 | 508815.37| 3 | 11
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0.549 8.570 9.119 | 3244676.69 | 505717.87| 12 | 26
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