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(6) Jsaa

(P) el iy (F) s y3ell e

Cy Cx (F) @) s a ) bkl bls s
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10.7153 12.2522 3656.49 o)) by Lli 5
10.7205 11.9749 3650.15 o)) by Ll 8
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2 b oaia ) s i e Caensind LAl 53 50n0 i )l Aalidl a3 pail Ay Jida

iy ey Laa ) s ALaLS i il g3 el ol ol it e e S3a a5 Al 3

i) S aal 73 el 281 380

Ol e S )l L gy 3 L) e JRAN 8 Adbiad) o 1 el

0) Lol sy J8 U et (ol 5t ey o e 1.6) Unddl s 5o el ) jeaY)

ey Lo gl A2 cppaind (80 ) (SLY) U igim ilaslea 3 5iall oL adii (e

(g a) gl g sl Cllee 8 Aadiiinaall Al o) aY)

Al il e Jasall Ll o555 220 Ll o LN A8 Jidas Al 5 ghasd) s2n et

O s 3 IS of lan 58 zisall ye (53 sie JSG Janall Ll o555 e ol g 5 el

74



Pla ek 88 elaal §f e g of o el Jgs Lo el apill auady 4 s jaal) dalid
Al 4 jral) dallea) dlec

tad G zdsalll B Ae e o dasia Lliisac o aldie Wl zdsall ol 5 g

205 201 200" 8 5 o Jana blii 3 e alaie Y 73 gail) Jasa 1Y

Ldaall g 5 ane G el ol e an0.18 Ldane il (X,Y,Z) sla) 4500 482 & gane ()4
6 bty 205 A daiil) 8 s g Aad (85 20,12 g slad iS5 200 A Adai 8 s
idsad) A e g8 WS 20,07

(7) Jsaa

i) sis Llii 3 e olaie YU 75 gaill Lass

X error Y error Z error Image
Label Total (cm .
(em) (cm) (cm) em - piv)
200 -0.18028 -0.116326  0.00958458  0.21766 0.707 (13)
201 0.201286  0.0535374  0.0049338  0.208343  0.266 (13)

205 -0.0210064 0.0627885 -0.0145179 0.0677823  0.798(13)

Total 0.15648 0.0823414  0.0104399 0.17713 0.634

clad e (A Ae ) ge blo s laae Al 5 (Check Points) (3aaill Jalasd 280 Julas vie Laiy

206 ALl 8 caag el Jlelyan 4.33 sk slal) A0 382 £ sane S (35l

T Ay sl 8 o o LS can 2.8 (g sk Al Al & ol Aad i g cans 6.5 (sl
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(8) Jsaa

(check points) (éxi bléi 6 Ao alaic YU 73 seill 430 Judas

Labe X error Y error Z error Total Image
(cm) (cm) (cm) (cm) (pix)
202 -1.08812 0.741911 -3.84646 4.06567 0.774 (18)
203 -2.50011 -1.81744 0.208421 3.09791 0.636 (14)
204 -1.98318 -0.92035 2.20496 3.10514  0.677 (24)
206 -3.97022 0.719379 5.12958 6.52631 0.549 (13)
207 -4.03393 1.68871 2.57587 5.07537  .0.465 (13)
208 -2.16737  -0.227512  -1.84971 2.85844  0.715(13)
Total 2.83138 1.16344 3.05695 4.32611 0.655

ae aa gy o b L6 3 e adie] 3 z3sal) 8 A 280 o Aaadle s 5 i an
o Lo slaie¥) (S0 Y g AL 73 salll 138 (e Aliaal plial) A 6ige it 53 ) e 2sa g
Ay bl ) Gl JleeY)

(GCPs) oo lapa Ll 5 e alaie VW 3 salll Japa 1Ll

Ldaall g s ane i o ol ghlde 1.05 st (X,Y,Z) ola) 2500 483 ¢ sane Jaza &y

0.36 st s201 A daitll 3 Caam g dad J8 5 caul 4 o slas cul€ 5 205 A8 ) Adaiill b chaa g

(8) A dsan (B e 5a LS cpm
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(9) Jsea

i) s Ll& 5 e olaie YU 75 gaill Lass

Label X error Y error Z error Total Imflge
(cm) (cm) (cm) (cm) (pix)

200 -0.0061886 -0.366522  -0.127537  0.388127  0.716 (13)
201 0.198746  0.221508 0.20924 0.363796  0.313 (13)
203 -0.559123  -1.11954  -0.0825825  1.25412  0.662 (14)
205 1.33643 0.459148  0.235316 1.43256  0.810 (13)
207 -0.96986  0.805411  -0.234436 1.28229  0.505 (13)
Total 0.784706  0.677684  0.188256 1.05378 0.626

Ll &g sena Jaa IS blis 4 Waaxe 305 ((Check Points) @éaall alaid d8a) Jalas vie Loty
5.14 sl cn 15202 Alail b Uadll dad el in g5 cand 45 (5 by (3iail Llail 48]

1(9) aiy dsan o O s LS cans 3.8 (g sk il€ 5 204 Adaiil) & ailS Ao Al 5 ¢ ans

(10) Jss>

jin Llii 4 e olaic YU z 3 saill 4 Jula

Label X(i‘l;‘;;"' Y(gnr;’r z (::;;"' Total (cm) Ig)‘;‘xg)e
202 0.0570996 036766  -5.12199  5.13549  0.772 (18)
204 _1.10283  -0.192388  3.66806  3.83509  0.678 (24)
206 1.63164  1.03843 4.1437 457284  0.548 (13)
208 -0.140662  -0.714491  -4.08351  4.14793  0.718 (13)

Total 0987616  0.663517 428762  4.44965 0.690
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Calaal Any jf Ly 55 (6 by ¢ 25 38al) Lalis 3 Uadd) (o Jaadl 3 gl 130 8 3800 (il
idy o Jpanll IS e Ll axe of e Jay 135 canl 05 oY) hasall Lalss 3 Uadl

Aalal 43830 Jlee S 4 slladll (au 3-2) <l jidii

(GCPs) o)) Japn Llis 8 o slaie WU 73 saill Japia s EIE

Ldadll & gene dad ol o Lo (aul 05 sk (X,Y,Z) Sla) 45005 2800 ¢ sane Jara iy
Gt a5 201 Akaiill 8 an g A J8 Lty caul 43 (o sl <uilS 5 205 Adadil) 3 o

H(11) s (b e 5a LS ¢am 0.36

(11) dssa>

i) s Llii 8 e olaie YU 75 gaill Lass

Label X(E"m";"' Y(E"m";"' Z (irn:;’r Total (cm) Izgf‘xg)e
200 0279549  -0.305827  0.40399  0.578693  0.728 (13)
201 0.188634 0334761  -0.13715  0.407993  0.275 (13)
202 0.0264992 042701  -1.0341  1.11911  0.828(18)
203 [0.733374  -1.24896  -0.306626  1.48045  0.701 (14)
204 -0.709073  -0.409534  0.945676  1.25092  0.693(24)
205 228522 0203614 -0.437298 233557  0.883(13)
206 -0.850077 029671  0.509159  1.03437  0.628(13)
207 -0.487372  0.702223  0.0563502  0.856636  0.488 (13)

Total  0.957695  0.585038  0.580232  1.26338 0.686

115208 a8, Jesi cuilS clasa ) 5 ) (Check  Points) (giasl) adaial 483) (st xie (Sl
cams 0.72 Lgod Uadll Jans
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(12) Jsaa

52n) 5 3ind 4hii e olaie YU 3 paill 40 a3

X error Y error Z error Image
Label Total .
(cm) (cm) (cm) (pix)
208 0.216259 -0.62749 -1.97802 2.0864 0.719 (13)
Total 0.216259 0.62749 1.97802 2.0864 0.719

O G anl 26 zisalll 138 L dias ) 882 (gl adaio 3 sadll 130 3 A8 il

il 3ind o) yal dal ey cam 2,08 Fiadl Adais A8y o lE a5 am 2.33 Led cuilS Ao e

Aoaad Sl alaai Wl il 2 dflal ol Janis 4hais 20 laal & Jledl) 3 saill 4y (1

Ly n Ll a4 (Full control Points) ALl sz 2 Lass 11 Leiw e OIS (oallad) 281 5l

L&(Vertical Control Points)fg_s_»j U Llés 5 5 (Horizontal Control Points)ft.gﬁéi

ayy el zdsal) e Lalil) o3 ases cililaa) (uld Jg () dalal b (26) JSaN b el

LUl o8 505 GPS Jlga alatinly duliall Llal) o8 ge o Uadd) Jare il 5 a5 Alle

tly LS i) Sy oz b saill (g Auidial

45 A LalS Jay i 3L 11 Lgim (e ¢akaii 15 Lo 3aaill 5 ) 38891 lasal) Lalis oac oly @
Northing s 0.0254+Estring(E)  —3 (RMSE) Ldaall Jalxa gy (388 Lapan Ll
.2 0.0235+

55 A LalS Japm AL 11 Lgiy e ¢dhai 16 Lo Giail 5 Al G ) lapall Llis aae 3l o
.2 0.0434+ RMSE Vertical(V) .l 5 Uasdl Qalra gy s g 5 Japa Lalss

RMSE a1 20 42 Jalae Lol iy clae dud ) 28000 5 4889 480 20l e 2ic 5 @
.2 0.0555+ &L 5 Position

(e 372) e 38y bl 3 Aabisdd) Jlee ) z3satll 138 e dlae V) (Say 4t 4gle
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(13) Js>

(Check Points) (3éxi 4hii 20 Ao slaic YU 73 saill Lons

Measured Coordinates from

Measured Coordinates by GNSS Errors
Point Orthofoto Type
Easting  Northing Altitude Easting Northing Altitude Easting  Northing  Altitude
(m) (m) (m) (m) (m) (m) (m) (m) (m)
1 177680.7 191807.9 414373  177680.7 191807.9 414.3657 Full -0.01212  0.006363 -0.00728
2 177677.5 191805 415.6081 177677.4 191805 415.7145 Full -0.02867  0.006653 0.10635
3 177683.3  191804.1 415.5978 177683.3 191804.1 415.6103 Full 0.001585 0.043164  0.012537
6 177627.5 191843.7 414.4248 177627.5 191843.8 414.4187 Full -0.00365  0.010871 -0.00614
7 177626.1 191847.1  414.432  177626.1 191847.1 414.4522 Full -0.02799  0.017219 0.02016
8 1776253  191853.9 414.3882 177625.4 191853.9 414.4567 Full 0.004419  0.001057  0.068475
9 177637.9 191844.9 4143584 1776379 1918449 414.4102 Full -0.00673  0.009936  0.051787
10 177638.3  191846.4 411.3508 177638.3 191846.4 411.3612 Full -0.04809  -0.02919  0.010358
11 177642 191847.7  411.4137 177642 191847.6  411.4107 Full 0.009284  -0.03589 -0.00305
13 177594.4 191922.8 3954741 1775944 191922.8 395.5009 Full -0.00521  -0.00122  0.026795
208 177630.5 191878.4 404.0327 177630.5 191878.4 404.0333 Full -0.00552  -0.00676 0.00059
12 177643.6  191843.6  411.3939 177643.7 191843.7  ---- Horizontal 0.041053  0.054003 -—--
16 177620.2  191864.4 405.9921 177620.2 191864.5  ---- Horizontal 0.048905 0.017704 -—--
14 177621.8  191880.3  405.4779 177621.7 1918803  -—--- Horizontal -0.02019  -0.00157 --—---
15 177615.1  191869.9  405.4018 177615 191869.9 - Horizontal -0.03006  -0.01924 ~  -—--
4 177647.6  191851.5 407.9551  -—-—- = - 408.019 Vertical =~ - - 0.0639
5 177634.1 191872.8  404.7813 ~ --—-- = - 404.765 Vertical - - -0.0163
18 177639.4  191834.8 411.5724 - = - 411.625 Vertical - = - 0.0526
19 177632.8  191820.1 412.8628  -—--- = - 412.89 Vertical =~ - - 0.0272
20 177667.8  191802.7 416.0459  -—-- = - 416.092 Vertical =~ - - 0.0461

80



Goh) £ g da 1 AU £ g pdiall 4.2

Y £ g pdall bl aan s ;0 4.2.1

LA dahiey Ciy il 4.2.1.1

Aol o3 s ALY Ll Adsilaal il oy ysr Be A B (e 4l Ay pind dikid) sl
o s (mae e SIS 87) Ly Wialue il (@) Galddl 8 (27) JSA) G jeday LS
e LusE e 70 Adlie 33 S5 cBash (o Ll 0 3 el ddhaidd) el Joda JSG sl
Al A e G pad) Gaadl Gy okl il

Gohl g e Jsb

tlaa 5 Lagin 45 jlall 5 06y phall WISy (3 )kall & 5 pdia Jgla (uld

Lo ) asadl) BlaS (G Ablaal) (@

o= s Ly, 5 e (Ruler) ol e sl WU adde dl 5ol ol jal &5 g3 3y hll 4uld S

Aga V) ASan ) Ll 85y ALl i85 Cu cAgisoft Metashape Professional gl

Ol 8 el Lea627 Gashall Jsha iy il ol dshie Jsha e Leny s 5 3 (GCP)

() sl 4 (28)
cldlaay) 8 o alaie¥l gkl Job uld e
V) oSl Lol clEanY) (5% YA (e Lgamse 5 A Gy ylall Jsla el (5 ,AY) 45 )

o) e aldieYU Lagin dilud) sla 5 «(GCPs)

aSai I Llal (x,y) clilay) G da )k e saeYhy 1) Gald 8 (14) Jsaad e Jely

Alle A8y g A8 5 se Leailis A8y ylal) 038 5 2621.17 4ind 40 3 ) Gkl Jsh S iz )Y

81



oAl el 5 @5l (e lan A 85 52 (Ruler) el (0 lggle Jpmmnl) & ) Aol (]

e 38y ) 2bas Y ) ddad) ol
(GCPs) duia ) bapal) Jalis 2555 4.2.1.2

e LeSegpe Gl A8 (b Ll el ookl Jsh e Gl dasa Bli 10 )5 o
O Ll 5 ) sS0al) Apa V) Japial) Jalis 55 da gy Blel e pe () Galadl & (29) Jsal
dg—n ) darm Ll i )i edd pal) dilaie Ay Bl cudld g gall gl Al )
Cila e IS L die B jlme (SW) A5 Al dsa ) sea Ll 3l Gkl s e
il g Apsall peall (B leasns Jemad sea) sl o)~ il e A5 G skl

GPS lea alatinly G V) el Ll Cand g lgile
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Value Error F Cx Cy K1 K2 K3 P1 P2
F  3655.06 0.46 1.00 -0.19 0.52 -0.17 -0.07 0.20 -0.17 0.15
Cx -2.19943 0.01 1.00 -0.10 0.07 0.04 -0.07 0.52 -0.02
Cy 27.483 0.009 -0.09 -0.04 0.11 -0.09 0.46
K1 -0.00575818 8.6e-06 1.00 -0.88 0.78 0.06 -0.01
K2 -0.00363476 2.2e-05 1.00 -0.97 -0.01 -0.02
K3 0.00531836 1.9e-05 1.00 -0.01 0.03
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(cm) (cm) (cm) (cm) (pix)
3 0.429613  0.269475  0.0354226  0.508369 0.360
5 0.605485  0.384659 0.0614911  0.719969 00.393
7 0.924405  0.689138  0.195248 1.16943 0.445
9 0.829785  0.969789 0.19303 1.29085 0.436
(18) Js
Gkl g 5 pial (check points ) 3ixill blsi Judai
N.check X error Y error Z error Total Image
points (cm) (cm) (cm) (cm) (pix)
7 1.35794 2.35571 2.83462 3.92791 0.284
5 1.3673 2.31808 3.7682 4.63059 0.241
3 2.00183 3.06833 3.67893 3.67893 0.247

1 0.475569  0.501541 1.42805 1.58652 0.502
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(19) ds>

(G bl & 5 pia) AU & 5 piall 4 (Check Points) (éai 4hii 20 Ao olaic YU 73 saill Lvs

Measured by GNSS = Measured from Orthophoto Errors(m) Erros of GNSS
Pomt | past (m) | North(m) | Height(m) E’ fype East(m) | North(m) | Height(m) Ea(sltl;’” e“r‘;z;‘) :‘;‘;t(‘;’;l lexlqs V RMS
9 | 1732176712 | 1796598362 | 7905035 | as | FULL | 173217.6703 | 179659.833 | 790.527589 | 0.000941 | 0.003227 | -0.024089 | 0012 | 0018
200 | 1732342435 | 1796860654 | 78973 | dew | FULL | 173234282 | 179686.096 | 789714 | -0.0385 | -0.0306 | 0016 | 0015 | 00222
201 173236.5869 | 179675.4924 790.3137 Jew FULL 173236.6136 | 179675.5185 790.313 -0.026661 -0.026115 0.0007 0.015 0.022
202 173245.857 179679.9281 790.7375 Dl FULL 173245.864 179679.954 790.69 -0.007 -0.0259 0.0475 0.0164 0.0278
301 | 173087.8123 | 1794511722 | 763462 | Lia | FULL | 173087.7753 | 179451.1948 | 763484 | 0.037007 | -0.022642 | -0.022 | 0.0142 | 0.021
316 | 173182.1196 | 1793263969 | 7711828 | Lix | FULL | 173182.1566 | 1793264105 | 771178 | -0.036967 | -0.013617 | 0.0048 | 0.0149 | 0.024
203 173210.5845 | 179663.3814 790.5673 Laila Horizontal | 173210.6264 | 179663.4015 |  ----- -0.041936 -0.02014 | = ----- 0.015 0.02
204 173172.0198 | 179676.0127 789.1685 Laila Horizontal | 173172.0684 | 179676.0385 |  ----- -0.048599 -0.025754 | - 0.015 0.02
305 | 1731042506 | 179439.8799 | 764.6294 | s | Horizontal | 173104235 | 179439.919 | 0.015643 | -0.039116 | - 00142 | 0021
206 | 173111.9801 | 179646.3524 | 787.2755 | s | Horizontal | 1731119873 | 1796463861 | 000721 | 0.033728 | 0.0231 | 0.039
211 173038.2242 | 179579.7361 771.0468 el Horizontal 173038.239 179579.7707 |  --—--- -0.014793 -0.0346 |  ---—-- 0.0164 0.025
317 173189.4087 179312.495 771.6026 Laila Horizontal | 173189.4418 | 179312.5172 |  ----- -0.033129 -0.02222 | - 0.0142 0.021
213 | 173018.6395 | 179548.4916 | 767.0186 | s | Horizontal | 173018.6213 | 1795484501 | 0.018237 | 0041532 | -0 00153 | 0.023
208 | 1730879811 | 1796237091 | 7802206 | <l | Vertical |  —m o 780239 | e | 00184 | 0.0194 | 0.0336
212 173036.1729 | 179567.7512 770.2329 calad Vertical |  -— 770215 | e——— | - 0.0179 0.0142 0.02
306 173116.5599 | 179436.5639 765.7471 calad Vertical |  -— 765.782 | e | e -0.0349 0.0142 0.021
310 | 1731344539 | 1793969200 | 7644338 | <l | Vertical | o e 764461 | o | 00272 | 00142 | 0022
314 | 1731565411 | 1793653646 | 7658068 | <l | Vertical | oo e 76582 | | 00132 | 00142 | 0021
315 173179.8259 | 179324.1185 768.2053 calad Vertical |  -— 768.225 | e | e -0.0197 0.0149 0.023
319 173192.0634 179288.656 768.0621 calad Vertical |  -— 768.046 | @ - | 0.0161 0.0142 0.022
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e
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Fig. 4. Reconstructed digital elevation model.
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Fig. 4. GCP locations and error estimates.
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Fig. 1. Camera locations and image overlap.
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Abstract

Surveying methods have experienced significant changes due to modern technology
which meets current market requirements for specific and economical solutions with
high efficiency. The methodical survey technique delivers correct results yet requires
significant labor together with expensive costs and prolonged durations before
producing results in mountainous plus wetland locations. Aerial imaging has become
established as a data collection method that provides accurate data while eliminating the

need for extensive human labor and reducing obstacles in inaccessible terrain

assessment. The presented study establishes a complete scientific foundation for UAVs

to be employed in surveying activities. The research targets three distinct inspection
sites that show diverse features and dimensions. The sports field area primarily served
experimental purposes since engineers did not consider it as a main engineering design.
Professional engineers conducted drone-based precise surveys on the second and third
regions. The first engineering project analyzed a small land area through combination of
three ground control points and six checkpoints which produced precision results of

0.18 cm and 4.3 cm. The analysis showed ground control points reached 1.26 cm
precision and the checkpoint accuracy amounted to 2.08 cm. During road surveying the
project used three ground control points together with seven checkpoints which

produced error rates of 0.51 cm and 3.9 cm, respectively. The additional testing used

nine ground control points and one checkpoint which showed 1.3 cm error in the first
data set and 1.6 cm error in the second. Accurate survey outcomes depended on hand-
picking control points throughout both surveying projects. The results from three-

control-point analyses produced high accuracy levels but provided weak confidence in

the acquired data. The data reliability improved through reducing the number of

checkpoints used as ground control points.

Keywords: Drons,GNSS, Orthomosaic



